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LIDAR REMOTE SENSING SYSTEM

This application claims the benefit of the filing date of a
provisional application filed on Aug. 22, 1997, provisional
application No. 60/060.001.

ORIGIN OF THE INVENTION

The invention described herein was made in the perfor-
mance of work under a NASA contract and is subject to the
provisions of Public Law 96-517 (35 .U.S.C. 202) in which
the contractor has elected not to retain title.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to lidar remote sensing systems.

2. Background information

Lidar remote sensing systems using conical scan patterns
are known. Because of the angular lag between the trans-
mitted beam and the return beam, the scan must be very slow
or the system must be a “'stop and stare” system. In the stop
and stare system, the laser beam is transmitted and the scan
is stopped until the return beam from the target arrives. This
limits scanning speed and requires a relatively complex
mechanical design in order to counter the force exerted by
the scanner non-continuous motion and to absorb the result-
ant vibration.

If the scan is continuous. it must be very slow or the return
beam will not travel along the optical path of the transmitted
beam. The amount of deviation of the return beam from the
optical path will depend primarily on the rate of the scan and
the distance to the target of the transmitied beam. Because
of the fact that the return beam does not follow the optical
path. the power loss in the returned signal is significant. It
would be desirable to have a scanning lidar remote sensing
system in which the returned radiation travels along the
optical path followed by the ransmitted beam.

SUMMARY OF THE INVENTION

A lidar remote sensing system is provided wherein a laser
beam is transmitted along an optical axis or path and through
a telescope having a rotating scanning element toward a
target and a return beam from the target passes through the
scanning element and is reflected through the telescope to a
detector. Because of the fact that the scanning element is in
one position as the beam is transmitted and in another
position when the return beam arrives, the return beam does
not follow the optical axis or path of the system and a
significant amount of power is lost from the return beam.
This is corrected by using a beam de-rotator or prism
positioned on the optical path in front of the detector. The
de-rotator is rotated in synchronism with the scanning
element. The de-rotator is made of a material transparent to
laser radiation and has flat opposite sides positioned at a
slight angle to each other. The off-axis return beam is
refracted back to the optical axis or path by the de-rotator to
lessen the power loss in the returned radiation. The use of the
telescope is optional.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing showing the components of
the lidar remote sensing system having a scanning element
at one position and a beam de-rotator positioned to return the
return beam to an optical path of the system.

FIG. 2 is a view of the structure of FIG. 1 showing the
apparatus of FIG. 1 with the scanning element and the beam
de-rotator rotated to another position 90° from the position
shown in FIG. 1.
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FIG. 3 is a schematic representation of the conical scan
pattern. with the arrows surrounding the X axis showing the
direction of the ransmitted beams.

FIG. 4 is an enlarged side view of the de-rotator better
showing its operation.

FIG. 5 is a fragmentary view showing the use of a mirror
for the scanning element.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now in detail to the drawings, there is shown a
lidar remote sensing system 10 having a frame 11 (FIG. 1)
which supports the various elements of the system. Mounted
on the frame 11 is a telescope having a parabolic primary
mirror 14 at one end and a secondary mirror 19 at the other
end. A rotating scanning element 15 is mounted on the frame
at the output end of the telescope. The scanning element may
be a prism, a diffractive element or a rotating mirror. In the
embodiment shown a prism 15 is used, the prism being
cylindrical in configuration with flat ends 20 and 21 (FIG. 2)
positioned at an angle to each other, with the prism rotating
about its axis. The telescope and scanner configurations
shown are a preferred embodiment but other types of
telescope and scanners would work as well.

The system is provided with an optical axis or path 16
extending from a detector 18 at one end to the secondary
mirror 19 at the other end. The secondary mirror 19 is
positioned such that laser radiation traveling along the
optical path is reflected to the primary mirror 14 and through
the prism 15 toward a target (not shown), such as atmo-
spheric aerosols distributed at all ranges. Returned radiation
from the target passes through the prism 15 and is reflected
off the primary mirror 14 and the secondarv mirror 19 to
travel along the optical path 16 to the detector 18.

Positioned between the detector 18 and the secondary
mirror 19 is a polarizing beam splitter 23. A laser transmitter
24 is positioned to direct a laser beam into the beam splitter
and have the beam or pulse travel along the optical path,
with its polarization being changed to circular from linear
polarization by a quarter waveplate 28 on the optical path,
The circularly polarized beam is then reflected to the pri-
mary mirror 14 and out through the rotating prism 15 toward
the target. After sending the laser pulse, the transmitter 24
becomes quiescent as it waits for the return radiation from
the target. If the prism 15 is not scanning, the return radiation
will be reflected off the mirrors 14 and 19 and travel along
the optical path 16 to the détector 18, this path of travel
being the same as the path of the transmitied pulse. The
polarization of the returned radiation changes from circular
to linear at it passes through the quarter waveplate 28. The
linear polarization of this returned signal is orthogonal to the
transmitter polarization so that the returned signal passes
unimpeded through the beam splitter 23 toward the detector.

If the prism 15 is scanning. as will be the case of this
system. the prism is at one point (in its rotation) when the
transmitted pulse is sent and at another point when the return
pulse arrives. This angular lag causes the return pulse to
travel along a path which is off the optical path 16, causing
a loss of power in the returned pulse. The greater the lag, the
greater will be the power loss.

This problem is solved by using a beam de-rotator or
prism 30 positioned on the optical path 16 between the beam
splitter 23 and the detector 18. The de-rotator is made from
a material which is transparent to laser radiation and which
has two opposed flat surfaces 45 and 46 (FIG. 4) which are
positioned at a slight angle to each other, with one of the flat
surfaces being positioned at a forty five degree angle relative
to the optical path.

The de-rotator is rotated about the optical path in syn-
chronism with the prism 15. This synchronism is achieved
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by using the electrical signal from an encoder 35 which
drives the prism 15 to drive a motor 36 which drives the
de-rotator 30. as shown in FIG. 1.

FIG. 3 is a schematic representation of the manner in
which the signal is transmitted. The arrows surrounding the
X-axis show the directions of the transmitted beam as the
prism is rotated.

FIG. 4 better shows the operation of the de-rotator 30. The
de-rotator is a prism having opposed faces 45 and 46
positioned at a slight angle to each other. The plane repre-
sented by the dashed line 30 is parallel to the face 45. If the
prism is not rotating tand without the de-rotator 30), the
returned beam will be reflected along the optical path 16 to
the detector 18.

With the prism 13 rotating, the returned beam will be
reflected in a direction not lying on the optical path 16. This
reflected beam is represented by reference numeral 52 in
FIG. 4. FIG. 4 clearly shows how the returned beam is
refracted back onto the optical path 16 by the de-rotator or
prism 30.

After passing through the de-rotator 30 the beam passes
through a second beam splitter 38, where a heterodyning
beam from a local oscillator 42 is added to the return beam,
with both beams passing through a lens 43 to the detector 18.
The result of the combination of the heterodyning beam with
the return beam will detect the Doppler shift frequencies in
the return beam without a loss of power in the return beam.
This system can also be used for other measurements in
addition to Doppler shift, such as ranging and target reflect-
ing.

The use of the telescope is preferred but is optional. The
transmitted beam may pass through the quarter waveplate 28
directly to the scanning element 15, with the returned beam
being passed through (or reflected by) the scanning element
directly to the quarter waveplate 28.

FIG. § is a fragmentary view showing the use of a mirror
60 as the scanning element. the mirror being rotated about
an axis 61. It can be seen that in this embodiment the system
is physically positioned between the mirror and the target
(not shown).

What is claimed is:

1. A Tidar remote sensing system having an optical path,
comprising

a. a frame;

b. a rotating scanning element supported by the frame and
positioned between the remainder of the system and a
target for directing a transmitted beam from the optical
path toward a target in a conical scan;

¢. means for injecting a transmitted laser beam into said
optical path to be directed to the scanning element;

d. a detector positioned on the optical path for detecting
a reflected beam from the target; and

e. a rotating prism positioned on the optical path for
refracting said reflected beam back onto the optical
path, said scanning element and said prism being
rotated in synchronism.

2. The apparatus of claim 1 wherein the scanning element

is a prism.

3. The apparatus of claim 1 wherein the scanning element

is a mirror.

4. A lidar remote sensing system, comprising

a. a frame;

b. a telescope mounted on the frame and having opposite
ends with a primary mirror at one end and a secondary
mirror at the other end, said secondary mirror being
positioned at one end of an optical path;
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¢. a rotating scanning element positioned between the
primary mirror and a target for directing a laser beam
transmitted through the telescope toward the target in a
conical scan:

d. means for injecting a transmitted laser beam into said
optical path to be directed through the telescope and the
scanning element toward the target:

e. a detector positioned at the other end of the optical path
for detecting a reflected beam from the target; and

f. a rotating prism positioned on the optical path for
refracting said reflected beam back onto said optical
path, said scanning element and said prism being
rotated in synchronism.

5. The system of claim 4 wherein the system includes
means for injecting a heterodyning laser beam into said
optical path to be directed onto the detector with the
reflected beam for determining the Doppler frequency shift
in said reflected beam.

6. The system of claim 5 wherein a quarter waveplate
positioned on the optical path between the first beam splitter
and the secondarv mirror changes the polarization of the
transmitted beam from linear to circular and the reflected
beam from circular to linear.

7. A lidar remote sensing system, comprising

a. 2 support frame;

b. a telescope mounted on the frame, said telescope
having opposite ends with a primary mirror at one end
a secondary mirror at the other end, said secondary
mirror being positioned at one end of an optical path,
said telescope having a rotating scanning element posi-
tioned at the primary mirror and a target for directing
a laser beam transmitted through the telescope toward
the target in a conical scan;

c. a detector positioned at the other end of the optical path
for detecting a reflected beam from the target;

d. a first beam splitter mounted on said optical path
between the detector and the secondary mirror;

f. a Taser transmitter mounted to direct a transmitted laser
beam into the beam splitter and along said optical path;
said secondary mirror being positioned to reflect said
transmitted beam traveling along the optical path onto
the primary mirror and through the scanning element to
the target and to reflect the reflected beam from the
primary mirror back toward the detector:

. a prism mounted on the optical path between the beam
splitter and the detector, said prism being rotated in
synchronism with the scanning element for refracting
the reflected beam onto the optical path; and

h. a second beam splitter and a local oscillator for
directing a heterodyning laser beam onto the optical
path and into the detector with the reflected beam for
detecting the Doppler shift in the return beam.

8. The system of claim 7 wherein said prism is made of

a material transparent to laser radiation and having opposed

flat surfaces at a wedge angle to each other.

9. The system of claim 8 wherein the prism is rotated
about the optical path with one of said flat surfaces being at
an acute angle to said optical path.

10. The system of claim 9 wherein said one flat surface is
positioned at a 45° angle to said optical path.

11. The system of claim 9 wherein the scanning element
is a prism.

12. The system of claim 9 wherein the scanning element
is a mirror.
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