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ABSTRACT

Experimental data on the polarization effects induced by
a two-mirror beam scanner (or beam steering unit) are
presented. We discuss the change in polarization result-
ing from two different coatings and for any combination
of azimuth and elevation angle. A method to cancel the
effect of the scanner’s mirrors so that the transmit polar-
ization remains linear independent of the coating param-
eters and the pointing direction is suggested.

INTRODUCTION

Polarization lidars typically project a linearly polarized
laser beam into the atmosphere in order to measure the
linear depolarization ratio of the backscattered radiation
by atmospheric hydrometeors and aerosol particles [1].
The depolarization measurements may be used for ex-
ample to distinguish water droplets from ice crystals in
clouds [2], to discriminate types of aerosols [3-6], to
study polar stratosheric clouds [7], and to track honey
bees for locating landmines [8].

To apply the linear depolarization lidar technique one
must assure that the transmitted beam is linearly polar-
ized. This presents a challenge for scanning lidars that
use a one- or two-mirror scanner (beam steering unit,
BSU). The reason is that the state of polarization (SOP) of
the laser beam incident on the BSU is transformed upon
reflection by each mirror [9-11]. An alternative to using a
BSU is to scan the beam by moving the entire transceiver
[12] which is not practical for large lidar systems. Fur-
thermore, two-mirror BSUs offer more pointing agility.

Garisson et al. [10] developed the theoretical framework
to describe the change in SOP by reflection from a pair of
mirrors. The solutions are strongly dependent on knowl-
edge of the precise coating parameters. Therefore, we are
studying this problem experimentally for particular sets
of mirrors. We built a miniature BSU in the lab and use a
polarimeter to measure the SOP as a function of coating,
azimuth and elevation angle. We will present results for
two types of coatings: enhanced aluminum and protected
gold. In addition, we devised a method that allows us
to alter the incident polarization so that the transmit po-
larization through the BSU remains linear. The method
works for all combinations of azimuth and elevation an-
gle.

Aerosol depolarization measurements can also be per-
formed with a circularly polarized laser beam [1, 13, 14].
Hu et al. [15] suggest this approach for optically thick

media because, compared to linear polarization, circular
polarization is less sensitive to multiple scattering. If the
lidar employs a beam scanner, the effect of the mirrors
must still be understood and corrected for. We plan to per-
form tests with circular polarization in order to quantify
and minimize the change of SOP due to the BSU mirrors.

We acknowledge that a similar issue exists for the
backscattered radiation. Here, we treat the transmitted
beam and plan to address the backscattered signal in the
future.

EXPERIMENT

This work is inspired by the Raman-shifted Eye-safe
Aerosol Lidar (REAL) which is currently at California
State University at Chico. REAL uses a two-mirror BSU
[16]. The backscattered signal is separated by a po-
larizing beam splitter cube into two channels — paral-
lel and perpendicular linear polarization defined with re-
spect to the plane of polarization of the transmit beam
[3]. Mayor and Spuler [3] show backscatter depolar-
ization ratio from horizontal scans through low-altitude
aerosol plumes. For a horizontal scan, the SOP of the
beam transmitted into the atmosphere remains linear, but
for all other elevation angles it is elliptical.

We built a mini-BSU to study the effect of the BSU on
the polarization state. The experimental setup is shown
in Fig. 1. The laser is a cw laser at 1.54 pm, the same
as the REAL Raman-cell injection-seeder. However, the
laser can be easily exchanged to test the polarization char-
acteristics at other lidar wavelengths of interest.

The mini-BSU is assembled from a cage system, two ro-
tary stages, and two right-angle mirror mounts (Fig. 2).
The angle of incidence on each mirror is always 45°. A
polarimeter is attached to the exit aperture of the mini-
BSU to detect the SOP for all pointing directions. Ini-
tially we tested mirrors coated with enhanced aluminum.
These mirrors are witness samples of the large BSU mir-
rors currently (winter 2011-2012) installed in REAL [17].
Now we are testing off-the-shelf protected gold coated
mirrors from Thorlabs. We are interested in finding a
coating with minimum sensitivity to changes of the SOP
induced by the BSU mirrors.

With this set-up we can experimentally test the depolar-
izing effect of any coating. Thus, the application of such
experimental data sets may reach beyond polarization li-
dars. For example, optical engineers can use the data to
select the appropriate coating for optical components that
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Figure 1: Experimental set-up. Glan-Taylor polarizer sets the
incident polarization to linear (in the reference frame of the po-
larimeter); the quarter-wave plate can be used to alter the inci-
dent polarization so that the effect of the BSU is diminished;
the He:Ne laser is used to align the launch and BSU mirrors;
the handedness of elliptical polarization is determined by the
polarimeter—right is for rotation of the electric field vector E
in counterclockwise direction in a right-handed coordinate sys-
tem (ﬁ P E;, = I;, where £ is for the propagation direction).

need to be installed in polarization sensitive instruments.
Coating designers can use the data as an experimental
validation of the theoretical model they use to predict the
performance (in terms of polarization) of a coating.

RESULTS

To define azimuth angle, we will use a horizontal scan (0°
elevation angle). Here, 0° azimuth angle refers to point-
ing the laser beam parallel to the incident beam on the
launch mirror back toward the laser. When the azimuth
angle is 90° the beam points perpendicular to the path
used to inject the beam in the BSU.

Linear polarization incident on the BSU

Fig. 3 shows polarization plots from vertical scans (from
0° to 180°) for three azimuth angles 0°, 30°, and 60°
and two different coatings. These would be analogous
to vertical scans (also known as range height indicator or
RHI) in the lidar. The incident polarization is vertical.
For non-zero elevation angle the ellipticity strongly de-
pends on the type of coating and pointing direction. The
experiments confirmed that for a horizontal scan the SOP
is preserved but rotates as a function of azimuth angle
[3]. The ellipticity caused by the gold coated mirrors is
almost twice as large as the ellipticity of the aluminum
coated mirrors when compared for the same set of az-
imuth and elevation angle. It must be noted, however,
that both mirrors have protective dielectric coatings that
are most likely different and therefore we cannot attribute
the observed depolarization to the metallic coating alone.
The orientation of the ellipses (angle between the major
axis and the x axis) is slightly different for both types of
coatings which shows that it is a function mainly of the
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Figure 2: Photograph of the miniature BSU in the lab.

azimuth-elevation angles and is probably less affected by
the type of coating.

By mapping the SOP for full RHI and PPI (plan position
indicator or horizontal) scans, we found that the SOP re-
peats every 180° in azimuth and elevation. When com-
paring horizontal to vertical polarization, we found that
the corresponding ellipses have the same ellipticity but
their orientations are at 90° angles with respect to each
other. In other words, the relative orientation of the el-
lipses follows the same relation as the incident polariza-
tion directions.

Correction of the induced polarization effects of the
BSU

For a given coating, the induced change in polarization
by the BSU mirrors is a function of azimuth and elevation
angles. We apply a correction for each scan direction by
means of manually setting the incident polarization with a
quarter-wave plate so that the transmitted beam is always
linearly polarized (Fig. 1). However, if the polarization
characteristics of the mirrors are well known, the rotation
of the wave plate could be controlled electronically and
linked to the BSU control system.

So far we applied this method for the mirrors with en-
hanced aluminum. We found that we can rotate the
quarter-wave plate continuously over a 20° range and ob-
tain linear polarization after the BSU for the entire map
of full (360°) horizontal and vertical scans.
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Figure 3: Polarization plots from vertical scans for three az-

imuth angles. The incident polarization is vertical. Two differ-
ent coatings are compared.
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Circular polarization

When circular polarization is incident on the BSU, the
polarization of the transmit beam becomes elliptical for
most of the combinations of azimuth-elevation angles. To
correct for this, we plan to apply the same method as de-
scribed in the previous subsection. Results will be pre-
sented at the conference.

CONCLUSIONS

In a two-mirror scanning lidar system the transmit polar-
ization changes as a function of mirror coating param-
eters and azimuth and elevation angle. The induced el-
lipticity depends on the coating and the elevation angles.
The orientation, on the other hand, is coating indepen-
dent. It is determined by the pointing direction (azimuth
angle) and the incident linear polarization (horizontal or
vertical). In order to apply the polarization technique
to scanning lidars, a correction of the induced depolar-
ization of the BSU mirrors is required. We propose a
method to continuously change the incident polarization
using a quarter-wave plate to compensate for the effect of
the BSU mirrors. This will require only the addition of a
common optical element to the lidar system that will be
electronically controlled and linked to the rotation of the
BSU mirrors. We think that this method will also work if
the choice is to transmit circular polarization rather than
linear.

ACKNOWLEDGMENTS

The authors thank Dr. Shane Mayor for helpful discus-
sions about REAL and polarization lidars. We hope that
what we learned in the lab can be implemented and tested
with REAL in the future.

REFERENCES

1. Gimmestad, G. 2008: “Reexamination of depolarization in
lidar measurments”. Appl. Opt., 47, pp. 3795-3802.

2. Sassen, K.
cloud research: a review and current assessment”.
Am. Meteorol. Soc., 72, pp. 1848-1866.

3. Mayor, S., Spuler, S., Morley, B. and Lowe, E. 2007: “Po-
larization lidar at 1.54-microns and observations of plumes
from aerosol generators”. Opt. Eng., 46, pp. 096201.

1991: “The polarization lidar technique for
Bull.

4. Murayama, T. 2001: “Ground-based network observation
of Asian dust events of April 1988 in east Asia”. J. Geo-
phys. Res., 106, pp. 18345-18359.

5. Sassen, K. 2008: “Boreal tree pollen sensed by polarization
lidar: Depolarizing biogenic chaff”. Geophys. Res. Lett.,
35, 118810, doi:10.1029/2008 GL035085.

6. Mayor, S., Benda, P., Murata, C. and Danzig, R. 2008:
“Lidars: A key component of urban biodefense”. Biosecur.
Bioterror, 6, pp. 46-56.

7. Poole, L., Kent, G., McCormick, M. and Hunt, W. 1990:
“Dual-polarization airborne lidar for observations of polar
stratospheric cloud evolution”. Geophys. Res. Lett., 17, pp.
389-392.

83

S "




10.

15

12:

13.

14.

15,

16.

17.

84.

Shaw, J., Seldomridge, N., Dunkle, D., Nugent, P., Span-
gler, L., Bromenshenk, J., Henderson, C., Churnside, J.
and Wilson, J. 2005: “Polarization lidar measurements of
honey bees in flight for locating land mines”. Opt. Express,
13, pp. 5853-5863.

Bissonnette, L., Roy, G. and Fabry, F. 2001: “Range-height
scans of lidar depolarization for characterizing properties
and phase of clouds and precipitation”. J. atmos. Ocean.
Technol., 18, pp. 1429-1446.

Garrison, L., Blaszczak, Z. and Green, A. 1980: “Polar-
ization characteristics of an altazimuth sky scanner”. Appl.
Opt., 19, pp. 1419-1424.

Anzolin, G., Gardelein, A., Jofre, M., Molina-Terriza, G.
and Mitchell, M. 2010: “Polarization change induced by a
galvanometric optical scanner”. J. Opt. soc. Am. A, 27, pp.
1946-1952.

Sassen, K., Comstock, J., Wang, Z. and Mace, G. 2001:
“Cloud and aerosol research capabilities at FARS: The fa-
cility for atmospheric remote sensing”. Bull. amer. Meteor.
Soc., 82, pp. 1119-1138.

Flynn, C., Memdoza, A., Zheng, Y. and Mathur, S. 2007:
“Novel polarization-sensitive micropulse lidar measure-
ment techniques”™ Opt. Exp., 15, pp. 2785-2790

Roy, G., Cao, X. and Bernier, R. 2011: “On linear and cir-
cular depolarization LIDAR signatures in remote sensing
of bioaerosols: experimental validation of the Mueller ma-
trix for randomly oriented particles” Opt. Eng., 50, 126001

Hu, Y., Yang, P, Lin, B., Gibson, G., and Hostetler,
C. 2003: “Discriminating between spherical and non-
spherical scatterers with lidar using circular polarization:
a theoretical study.” Journal of Quan. Spectroscopy & Ra-
diative Transfer, 79-80, pp. 757-764.

Spuler, S., and Mayor, S. 2005: *“Scanning Eye-safe Elas-
tic Backscatter Lidar at 1.54 microns.” J. Atmos. Ocean.
Technol., 22, pp. 696-703.

Mayor, S., Petrova-Mayor, A., Wortley, R., Hofstadter, D.,
Spuler, S., and Ranson, J. 2011: “Gas-fusion Mirrors for
Atmospheric Lidar” Optical Society of America, Frontiers
in Optics(FiO)/Laser Science(LS), San Jose, CA.

Reviewed and Revised Papers of the 26th International Laser Radar Conference,

25-29 June 2012, Porto Heli, Greece.



	Image (3)
	Image (5)
	Image (6)
	Image (7)

