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(57) ABSTRACT

A Doppler lidar sensor system includes a laser generator that
produces a highly pure single frequency laser beam, and a
frequency modulator that modulates the laser beam with a
highly linear frequency waveform. A first portion of the fre-
quency modulated laser beam is amplified, and parts thereof
are transmitted through at least three separate transmit/re-
ceive lenses. A second portion of the laser beam is used as a
local oscillator beam for optical heterodyne detection. Radia-
tion from the parts of the laser beam transmitted via the
transmit/receive lenses is received by the respective transmit/
receive lenses that transmitted the respective part of the laser
beam. The received reflected radiation is compared with the
local oscillator beam to calculate the frequency difference
therebetween to determine various navigational data.
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1
COHERENT DOPPLER LIDAR FOR
MEASURING ALTITUDE, GROUND
VELOCITY, AND AIR VELOCITY OF
AIRCRAFT AND SPACEBORNE VEHICLES

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and by an employee of
the United States Government and is subject to the provisions
of Public Law 96-517 (35 U.S.C. §202) and may be manu-
factured and used by or for the Government for governmental
purposes without the payment of any royalties thereon or
therefore. In accordance with 35 U.S.C. §202, the contractor
elected not to retain title.

TECHNICAL FIELD

The invention generally relates to a Doppler lidar (laser
radar) sensor system, and a method of generating a sensor
signal for measuring an altitude, ground velocity and air
velocity of a vehicle, such as an aircraft or a spaceborne
vehicle, with a lidar sensor system.

BACKGROUND OF THE INVENTION

Various tasks related to space navigation, such as landing
on the Moon or Mars, Earth re-entry, or docking with another
space craft, require very precise navigational data. This navi-
gational data may include, for example, a range to a ground
surface, a ground velocity of the space craft, or an air velocity
of the space craft. Highly precise navigational data would
enable spaceborne vehicles to navigate, with a high degree of
precision, to an intended landing site. Additionally, the range
to the ground surface measured along three or more different
line-of sites would allow the determination of the vehicle
attitude angles relative to the ground. Furthermore, the air
velocity of the vehicle may be used to derive the vehicle’s
angles of attack and side slip, which may be used for guidance
and control of the vehicle.

SUMMARY OF THE INVENTION

A Doppler lidar sensor system is provided. The Doppler
lidar sensor system includes a laser generator that produces a
single frequency laser beam. A frequency modulator is
coupled to and in communication with the laser generator.
The frequency modulator receives the laser beam from the
laser generator, and linearly modulates the frequency of the
laser beam to produce a triangular waveform with a very high
degree of linearity. An amplifier is coupled to and in commu-
nication with the frequency modulator. The amplifier receives
a first portion of the modulated laser beam, and amplifies the
power of the first portion of the modulated laser beam. The
Doppler lidar sensor system further includes at least three
transmit/receive lenses and at least three photoreceivers. Each
of the transmit/receive lenses is coupled to and in communi-
cation with the amplifier, and receives a part of the first
portion of the amplified laser beam from the amplifier, trans-
mits the part ofthe first portion of the laser beam, and receives
reflected radiation from the transmitted laser beam. Each of
the photoreceivers is in communication with one of the trans-
mit/receive lenses. Each of the photoreceivers receives the
reflected radiation from a respective transmit/receive lens,
and mixes the received reflected radiation with a part of a
second portion of the modulated laser beam for optical het-
erodyne detection. The Doppler lidar sensor system further
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includes at least three transmit/receive switches. Each of the
transmit/receive switches is disposed between and intercon-
nects the amplifier and one of the transmit/receive lenses.
Each of the transmit/receive switches directs the received
reflected radiation from the respective transmit/receive lens
to a respective one of the photoreceivers.

A sensor system for measuring an altitude, an attitude, a
ground velocity or an air velocity of a vehicle is also provided.
The sensor system includes a laser generator that produces a
single frequency laser beam. The laser generator may include
one of a fiber laser with volume grating, or a semiconductor
laser with an external cavity Bragg grating. An electro-optical
frequency modulator is coupled to and in communication
with the laser generator. The electro-optical frequency modu-
lator receives the laser beam from the laser generator, and
modulates the frequency of the laser beam. A single mode
fiber amplifier is coupled to and in communication with the
electro-optical frequency modulator. The single mode fiber
amplifier receives a first portion of the modulated laser beam,
and amplifies the power of the first portion of the modulated
laser beam. The sensor system further includes at least three
transmit/receive lenses. Each of the transmit/receive lenses is
coupled to and in communication with the single mode fiber
amplifier. Each of the transmit/receive lenses receives a part
of'the first portion of the amplified laser beam from the single
mode fiber amplifier, transmits the part of the first portion of
the laser beam, and receives reflected radiation from the trans-
mitted laser beam. Each of the at least three transmit/receive
lenses are aimed to transmit the laser beam in a different
direction, and are stationary relative to each other. A polar-
ization adjuster is coupled to and in communication with the
electro-optical frequency modulator. The polarization
adjuster receives a second portion of the modulated laser
beam, and rotates the polarization of the second portion of the
modulated laser beam to define a local oscillator beam. The
sensor system further includes at least three photoreceivers.
Each of the photoreceivers is in communication with one of
the transmit/receive lenses and with the polarization adjuster.
Each of the photoreceivers receives the reflected radiation
from a respective transmit/receive lens, and mixes the
received reflected radiation with a part of the local oscillator
beam for optical heterodyne detection. The sensor system
further includes at least three transmit/receive switches. Each
of the transmit/receive switches is disposed between and
interconnects the single mode fiber amplifier and one of the
transmit/receive lenses. Each of the transmit/receive switches
directs the part of the first portion of the amplified laser beam
from the single mode fiber amplifier to a respective transmit/
receive lens, and directs the received reflected radiation from
the respective transmit/receive lens to one of the at least three
photoreceivers.

A method of generating a lidar sensor signal for measuring
an altitude, an attitude, a ground velocity or an air velocity of
a vehicle is also provided. The method includes generating a
laser beam having a single frequency. The frequency of the
laser beam is modulated, and a first portion of the modulated
laser beam is amplified. At least three equal parts of the first
portion of the laser beam are transmitted toward a target with
at least three transmit/receive lenses. Each of the transmit/
receive lenses transmits a respective part of the first portion of
the laser beam in a different direction relative to the other
transmit/receive lenses. Reflected radiation from each of the
transmitted parts of the first portion of the laser beam is
received with the same transmit/receive lens used to transmit
each of the respective parts of the first portion of the laser
beam. The received reflected radiation from each part of the
transmitted first portion of the laser beam is compared with
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one part of a local oscillator beam to determine the frequency
difference between the frequency of the received reflected
radiation and the frequency of the polarization adjuster beam
to determine at least one of the altitude of the vehicle, attitude
of the vehicle, the ground velocity of the vehicle, or the air
velocity of the vehicle.

The above features and advantages and other features and
advantages of the present invention are readily apparent from
the following detailed description of the best modes for car-
rying out the invention when taken in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a Doppler lidar sensor
system.

FIG. 2 is a graph of a linear triangular frequency modulated
waveform of a laser beam.

DETAILED DESCRIPTION OF THE INVENTION

Those having ordinary skill in the art will recognize that
terms such as “above,” “below,” “upward,” “downward,”
“top,” “bottom,” etc., are used descriptively for the figures,
and do not represent limitations on the scope of the invention,
as defined by the appended claims.

Referring to the Figures, wherein like numerals indicate
like parts throughout the several views, a Doppler lidar sensor
system is generally shown at 40 in FIG. 1. The Doppler lidar
sensor system 40 generates a lidar sensor signal for measur-
ing at least one of an altitude, an attitude, a ground velocity or
an air velocity of a vehicle. The vehicle may include any
vehicle, including but not limited to a spaceborne vehicle or
an aircraft.

Referring to FIG. 1, the sensor system 40 includes a laser
generator 42. The laser generator 42 produces or generates a
relatively low power laser beam having a very narrow lin-
ewidth, i.e., a single frequency laser beam. The laser beam is
generally indicated at 44. The laser generator 42 may produce
a laser beam having a power of between, for example, 0.02
and 0.1 watts. The laser generator 42 may include, for
example, one of a fiber laser with volume grating, or a semi-
conductor laser with an external cavity Bragg grating.

A frequency modulator 46 is coupled to and in communi-
cation with the laser generator 42. The frequency modulator
46 receives the laser beam from the laser generator 42 and
modulates the frequency of the laser beam to define a modu-
lated laser beam having a laser waveform, which is described
in greater detail below. The modulated laser beam is generally
indicated at 48. The frequency modulator 46 may include, for
example, an electro-optical frequency modulator 46.

The frequency modulator 46 may include an electric ramp
generator 47, which drives frequency modulator 46 with a
pre-defined modulation waveform to define a modulated
waveform. The electric ramp generator 47 may include a
voltage controlled oscillator controlled by a digital micro-
controller. The digital micro-controller generates a pre-de-
fined ramp, which is provided to the voltage controlled oscil-
lator to create the pre-defined modulation waveform. For
example, the digital micro-controller may generate a nearly
perfect linear ramp to create the linear frequency modulation
waveform.

The electric ramp generator 47 controls the frequency
modulator 46 to modulate the laser beam to define the modu-
lated waveform. The linear ramp output from the digital
micro-controller includes a deviation from a perfect ramp that
is less than or equal to 100 KHz, or less than 0.001%. The
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linear ramp includes a frequency chirp with a bandwidth B
over a time period T, and a modulation offset frequency m,,
that is offset from Direct Current, i.e., w,. Alternatively, the
modulation offset frequency w,, of the linear ramp is between
the range of 2.0 GHz and 30 GHz, and may be equal to 6.0
GHz, and the bandwidth B of the linear ramp may be between
the range 0f 300 MHz and 8.0 GHz, and is may be equal to 600
MHz over atime period T between the range 0f0.02 msec and
2.0 msec, and may be equal to 0.15 msec. However, it should
be appreciated that the values of the modulation offset fre-
quency ,,, the bandwidth B of the linear ramp, and the time
period T may differ from the values described above.

A primary laser beam splitter 50 is disposed downstream of
the frequency modulator 46, and receives the modulated laser
beam output from the frequency modulator 46. The primary
laser beam splitter 50 splits the modulated laser beam from
the frequency modulator 46 into a first portion, generally
indicated at 52, and a second portion, generally indicated at
54. The primary laser beam splitter 50 is disposed between
and interconnects an amplifier 56 and a polarization adjuster
58 with the frequency modulator 46. The primary laser beam
splitter 50 directs the first portion of the modulated laser beam
toward the amplifier 56, and directs the second portion of the
modulated laser beam toward the polarization adjuster 58 for
use as a local oscillator.

The amplifier 56 is in communication with the frequency
modulator 46, and receives the first portion of the modulated
laser beam from the primary laser beam splitter 50. The
amplifier 56 amplifies the power of the first portion of the
modulated laser beam to several watts to define an amplified
laser beam, generally indicated at 59. For example, the ampli-
fier 56 may increase the power of the laser beam to a range
between 5 and 50 watts. The amplifier 56 may include, for
example, a single mode fiber amplifier 56. The fiber amplifier
56 may be operated at less than a 100% duty factor, i.e., a
pulsed mode, in order to reduce the power consumption of the
sensor system 40. For example, the fiber amplifier 56 may
operate at less than a 10% duty factor, and be enabled for a few
milliseconds at about a 30 Hz rate.

The sensor system 40 further includes at least three trans-
mit/receive lenses 60a, 605, 60c. Each of the transmit/receive
lenses 60a, 605, 60c¢ is in communication with the amplifier
56. Each of the transmit/receive lenses 60a, 605, 60c receives
apart of the first portion of the amplified laser beam from the
amplifier 56, expands and transmits their respective part of
the first portion of the laser beam, and receives reflected
radiation from their respective part of the first portion of the
laser beam transmitted therefrom and focuses the reflected
radiation into optical fibers. Each of the transmit/receive
lenses 60a, 605, 60c receives the reflected radiation from their
respective transmitted parts of the first portion of the laser
beam with the same transmit/receive lens 60a, 605, 60¢ used
to transmit each of their respective parts of the first portion of
the laser beam. As such, each transmit/receive lens 60a, 605,
60c transmits a part of the first portion of the laser beam and
receives the reflected radiation from that transmitted part.
While the sensor system 40 is shown in FIG. 1 with three
transmit/receive lenses 60a, 605, 60c, it should be appreci-
ated that the sensor system 40 may include any number of
transmit/receive lenses greater than three. Each of the at least
three transmit/receive lenses 60a, 605, 60c¢ is aimed to trans-
mit their respective part of the first portion of the laser beam
in a different direction. Because the sensor system 40
includes at least three transmit/receive lenses 60a, 605, 60c,
each directed at a different direction, all of the transmit/
receive lenses 60a, 605, 60¢ may remain stationary relative to
each other, i.e., the lenses do not move or scan.
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The sensor system 40 further includes at least three trans-
mit/receive switches 62a, 625, 62¢. The number of transmit/
receive switches 62a, 62b, 62¢ is equal to the number of
transmit/receive lenses 60a, 605, 60c. Each of the transmit/
receive switches 624, 625, 62¢ is disposed between and inter-
connects the amplifier 56 and one of the transmit/receive
lenses 60a, 605, 60c. Each of the transmit/receive switches
62a, 625, 62¢ directs a respective part of the first portion of the
amplified laser beam from the amplifier 56 to a respective
transmit/receive lens 60a, 605, 60c, and directs the received
reflected radiation from the respective transmit/receive lens
60a, 605, 60c to a respective photoreceiver 70a, 705, 70c,
described in greater detail below.

A laser beam splitter 64 is disposed between and intercon-
nects the amplifier 56 and the at least three transmit/receive
switches 62a, 625, 62c. The laser beam splitter 64 splits the
first portion of the amplified laser beam into equal parts, and
directs one of the parts of the first portion of the laser beam
toward each of the transmit/receive switches 62a, 625, 62c¢.
The parts of the first portion of the laser beam are generally
indicated at 66a, 665, 66¢. The laser beam splitter 64 splits the
first portion of the laser beam into a number of parts equal to
the number of transmit/receive lens 60a, 605, 60c.

The polarization adjuster 58 is in communication with the
frequency modulator 46. The polarization adjuster 58
receives the second portion of the modulated laser beam from
the primary laser beam splitter 50, and adjusts the polariza-
tion of the second portion of the modulated laser beam to
define a local oscillator beam, generally indicated at 68, that
matches the polarization of each of the returned signals 72a,
72b, T2c.

The sensor system 40 further includes at least three photo-
receivers 70a, 706, 70c (mentioned above). Each of the pho-
toreceivers 70a, 705, 70¢ is in communication with one of the
transmit/receive lenses 60a, 605, 60c. Each photoreceiver
70a, 7056, 70c receives the reflected radiation, generally indi-
cated at 72a, 72b, 72¢ respectively, from a respective one of
the transmit/receive lens 60a, 605, 60c.

A photoreceiver laser beam splitter 74 is disposed between
and interconnects the polarization adjuster 58 and the at least
three photoreceivers 70a, 705, 70c. The photoreceiver laser
beam splitter 74 splits the local oscillator beam 68 into equal
parts directed toward each of the photoreceivers 70a, 705,
70c. The parts of the local oscillator beam are generally
indicated at 76a, 765, 76c. The photoreceiver laser beam
splitter 74 splits the local oscillator beam into a number of
parts equal to the number of photoreceivers 70a, 706, 70¢, and
directs each part of the local oscillator beam to a respective
one of the photoreceivers 70a, 705, 70¢c. Each of the photo-
receivers 70a, 7056, 70c¢ receives their respective part of the
local oscillator beam and their respective reflected radiation
from their respective transmit/receive switch 62a, 625, 62¢,
and mixes the two together for optical heterodyne detection.

The sensor system 40 may include a processor 78 that is
coupled to and in communication with each of the photore-
ceivers 70a, 705, 70c. The processor 78 analyzes and stores
that data received from the photoreceivers 70a, 705, 70¢, and
uses the data to calculate and/or determine the various navi-
gational data described above. The processor 78 compares the
received reflected radiation form each part of the transmitted
first portion of the laser beam with one part of the local
oscillator signal to determine a frequency difference therebe-
tween of reflected signals 72a, 725, 72¢ and the local oscil-
lator beams 76a, 765, 76¢ to calculate at least one of the
attitude of the vehicle, the altitude of the vehicle, the ground
velocity of the vehicle, or the air velocity of the vehicle. More
specifically, the processor 78 performs a Fourier Transform
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algorithm to extract the frequency of each of the at least three
signals. From these frequencies, the Line-Of-Site (LOS) dis-
tance and velocities are determined through simple calcula-
tions known to those skilled in the art. The LOS measure-
ments may then be used to determine the vehicle altitude and
attitude, i.e., orientation angles, with respect to the ground,
the vehicle vector ground velocity (three components of
velocity), vehicle vector air velocity, and vehicle angle of
attack and sideslip (orientation angels with respect to local air
mass).

Referring to FIG. 2, the frequency modulator 46 outputs a
frequency modulated linear laser waveform, which is gener-
ally shown at 22. Within FIG. 2, time is shown along a
horizontal axis 24, and the frequency of the modulated linear
waveform is shown along a vertical axis 26. As shown in FI1G.
2, the modulated linear laser waveform 22 includes and/or
defines a triangular or sawtooth shape. The modulated linear
waveform 22 is shown being transmitted at 28, and is shown
being received at 30 upon reflection off of a target. The
modulated linear laser waveform 22 is delayed between trans-
mission and receipt by a light round trip time (t). The delay
between the received modulated linear waveform 30 and the
transmitted modulated linear waveform 28 causes the mixing
of the received modulated linear waveform 30 and the trans-
mitted modulated linear waveform 28 at the photoreceivers
70a, 705, 70c, to generate an interference signal. The fre-
quency of the interference signal is equal to the difference
between frequency of the transmitted modulated linear wave-
form 28 and the frequency of the received modulated linear
waveform 30. The frequency of the interference signal is
directly proportional to a distance to the target. The frequency
of the interference signal shifts due to the Doppler effect
when the target and/or the sensor system 40 moves relative to
the other during time t. Therefore, by measuring the fre-
quency of the interference signal during “up chirp” periods,
generally indicated at 34, and during “down chirp” periods,
generally indicated at 32, both the target range and velocity
may be determined. Furthermore, in the presence of atmo-
sphere, the air velocity may also be measured by receiving the
scattered laser light off the naturally occurring aerosols.
These aerosols create a Doppler frequency shift the same as
the returned light from the target. By simply measuring the
frequency of the return signal at the output of the photore-
ceivers 70a, 705, 70c, the sensor system 40 may also be
utilized to sense the atmospheric air velocity.

While the best modes for carrying out the invention have
been described in detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

The invention claimed is:

1. A Doppler lidar sensor system comprising:

a laser generator configured for producing a single fre-

quency laser beam;

a frequency modulator coupled to and in communication
with the laser generator and configured for receiving the
laser beam from the laser generator and for linearly
modulating the frequency of the laser beam to produce a
triangular waveform with a very high degree of linearity;

an amplifier coupled to and in communication with the
frequency modulator and configured for receiving a first
portion of the modulated laser beam and amplifying the
power of the first portion of the modulated laser beam;

at least three transmit/receive lenses, with each of the trans-
mit/receive lenses coupled to and in communication
with the amplifier and configured for receiving a part of
the first portion of the amplified laser beam from the
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amplifier, transmitting the part of the first portion of the
laser beam, and receiving reflected radiation from the
transmitted laser beam;

at least three photoreceivers, with each of the photoreceiv-

ers in communication with one of the transmit receive
lenses and configured for receiving the received
reflected radiation from a respective transmit/receive
lens and mixing the received reflected radiation with a
part of a second portion of the modulated laser beam for
optical heterodyne detection;

at least three transmit/receive switches, with each of the

transmit/receive switches disposed between and inter-
connecting the amplifier and one of the transmit/receive
lenses, and with each of the transmit/receive switches
configured for directing the received reflected radiation
from their respective transmit/receive lens to one of the
at least three photoreceivers; and

a polarization adjuster coupled to and in communication

with the frequency modulator, and configured for receiv-
ing the second portion of the modulated laser beam and
adjusting the polarization of the second portion of the
modulated laser beam to define a local oscillator beam
for use as a local oscillator in optical heterodyne detec-
tion.

2. The Doppler lidar sensor system as set forth in claim 1,
further comprising a primary laser beam splitter disposed
between and interconnecting the amplifier and the frequency
modulator, and configured for splitting the modulated laser
beam into the first portion directed toward the amplifier and
the second portion directed toward the photoreceivers as a
local oscillator.

3. The Doppler lidar sensor system as set forth in claim 2,
further compromising a laser beam splitter disposed between
and interconnecting the amplifier and the at least three trans-
mit/receive switches, and configured for splitting the first
portion of the amplified laser beam into equal parts directed
toward each of the transmit/receive switches.

4. The Doppler lidar sensor system as set forth in claim 2,
further comprising a photoreceiver laser beam splitter dis-
posed between and interconnecting the polarization adjuster
and the at least three photoreceivers, and configured for split-
ting the local oscillator beam from the polarization adjuster
into equal parts directed toward each of the photoreceivers.

5. The Doppler lidar sensor system as set forth in claim 1,
wherein each of the at least three transmit/receive lenses are
aimed to transmit the laser beam in a different direction.

6. The Doppler lidar sensor system as set forth in claim 1,
wherein each of the at least three transmit/receive lenses are
stationary relative to each other.

7. The Doppler lidar sensor system as set forth in claim 1,
wherein the frequency modulator includes an electro-optical
frequency modulator.

8. The Doppler lidar sensor system as set forth in claim 7,
wherein the frequency modulator includes an electric ramp
generator configured for generating a ramp having a fre-
quency chirp with a bandwidth B over time period T, and a
modulation offset frequency w,, for controlling the frequency
modulator to modulate the laser beam to define a modulated
waveform.

9. The Doppler lidar sensor system as set forth in claim 8,
wherein the linear ramp includes a deviation of less than or
equal to 100 KHz, the modulation offset frequency w,, of the
linear ramp is between the range of 2.0 GHz and 30 GHz, and
the bandwidth B of the linear ramp is between the range of
300 MHz and 8.0 GHz over a time period between the range
01 0.02 msec and 2.0 msec.
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10. The Doppler lidar sensor system as set forth in claim 1,
wherein the laser generator includes one of a fiber laser with
volume grating or a semiconductor laser with an external
cavity Bragg grating.

11. The Doppler lidar sensor system as set forth in claim 1,
wherein the amplifier includes a single mode fiber amplifier.

12. The Doppler lidar sensor system as set forth in claim 1,
further comprising a processor coupled to and in communi-
cation with each of the photoreceivers and configured for
analyzing data received from the photoreceivers and trans-
mitting the processed data to a vehicle navigation, guidance
and control computer.

13. A sensor system for measuring an altitude, an attitude,
a ground velocity or an air velocity of a vehicle, the sensor
system comprising:

a laser generator configured for producing a single fre-

quency laser beam;

wherein the laser generator includes one of a fiber laser
with volume grating or a semiconductor laser with an
external cavity Bragg grating;

a electro-optical frequency modulator coupled to and in
communication with the laser generator and configured
for receiving the laser beam from the laser generator and
for linearly modulating the frequency of the laser beam
to produce a triangular waveform with a very high
degree of linearity;

a single mode fiber amplifier coupled to and in communi-
cation with the electro-optical frequency modulator and
configured for receiving a first portion of the modulated
laser beam and amplifying the power of the first portion
of the modulated laser beam:;

at least three transmit/receive lenses, with each of the trans-
mit/receive lenses coupled to and in communication
with the single mode fiber amplifier and configured for
receiving a part of the first portion of the amplified laser
beam from the single mode fiber amplifier, transmitting
the part of the first portion of the laser beam, and receiv-
ing reflected radiation from the transmitted laser beam;

wherein each of the at least three transmit/receive lenses
are aimed to transmit the laser beam in a different direc-
tion, and wherein each of the at least three transmit/
receive lenses are stationary relative to each other;

a polarization adjuster coupled to and in communication
with the electro-optical frequency modulator, and con-
figured for receiving a second portion of the modulated
laser beam and adjusting the polarization of the second
portion of the modulated laser beam to define a local
oscillator beam;

at least three photoreceivers, with each of the photoreceiv-
ers in communication with one of the transmit/receive
lenses and with the polarization adjuster, and configured
for receiving the received reflected radiation from a
respective transmit/receive lens and mixing the received
reflected radiation with a part of the local oscillator
beam from the polarization adjuster for optical hetero-
dyne detection; and

at least three transmit/receive switches, with each of the
transmit/receive switches disposed between and inter-
connecting the single mode fiber amplifier and one ofthe
transmit/receive lenses, and with each of the transmit/
receive switches configured for directing the part of the
first portion of the amplified laser beam from the single
mode fiber amplifier to a respective transmit/receive lens
and directing the received reflected radiation from the
respective transmit/receive lens to one of the at least
three photoreceivers.
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14. The sensor system as set forth in claim 13, further
comprising a primary laser beam splitter disposed between
and interconnecting the amplifier and the polarization
adjuster with the frequency modulator, and configured for
splitting the modulated laser beam into the first portion
directed toward the amplifier and the second portion directed
toward the polarization adjuster.

15. The sensor system as set forth in claim 13, further
compromising a laser beam splitter disposed between and
interconnecting the amplifier and the at least three transmit/
receive switches, and configured for splitting the first portion
of the amplified laser beam into equal parts directed toward
each of the transmit/receive switches.

16. The sensor system as set forth in claim 13, further
comprising a photoreceiver laser beam splitter disposed
between and interconnecting the polarization adjuster and the
at least three photoreceivers, and configured for splitting the
local oscillator beam from the polarization adjuster into equal
parts directed toward each of the photoreceivers.
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