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ABSTRACT
A polarization Scheimpflug lidar system based on
the Scheimpflug principle has been developed by
employing a compact 808-nm multimode highpower laser diode and two highly integrated
CMOS sensors in Dalian University of
Technology (DLUT), Dalian, China. The parallel
and orthogonal polarized backscattering signal are
recorded by two 45 degree tilted image sensors,
respectively. Atmospheric particle measurements
were carried out by employing the polarization
Scheimpflug lidar system.
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INTRODUCTION

Lidar (light detection and ranging) techniques have
been widely employed for atmospheric remote sensing
of particles/aerosols and gases since decades.
Conventional lidar techniques measure atmospheric
backscattering echoes based on the time-of-flight
principle, by employing high-power nanoscale lasers and photomultiplier tubes (PMT) [1-5]. Since 1980s,
polarization lidar, capable of detecting the parallel and
orthogonal polarized backscattering light respectively,
has been employed as an effective tool for the studies
of atmospheric cloud phase, ice crystals, and particle
classification [6-9], etc. Nevertheless, high power
pulsed Nd:YAG lasers and PMTs are to some extent
complicated and of high cost. Besides, both analog and
single photon counting (SPC) detection schemes are
often utilized to increase the dynamic range as the lidar
signal decreases over the square of the distance. All
these high technical demands increase the system cost,
complexity and maintenance requirement, which limit
the applications of conventional pulsed lidar techniques
mainly in scientific fields.
Recently, a new atmospheric lidar technique,
referred to as Scheimpflug lidar, is developed for
atmospheric gas and aerosol monitoring [10-13]. The
Scheimpflug lidar technique is based on the
Scheimpflug principle, which describes the relationship
between the object, image and lens planes when they

are non-paralleled in an imaging system. Briefly, if a
collimated laser beam is transmitted into atmosphere,
the entire laser beam over km-range can be clearly
imaged by a titled image sensor while using a large
aperture lens/telescope if the image sensor plane, the
laser beam plane and the lens plane intersect with each
other. The atmospheric backscattering signal can then
be measured, and the sensor pixel corresponds to the
distance. The range-resolved lidar signal is in this case
angular-resolved, while it is time-resolved in
conventional pulsed lidar techniques [10]. The
fundamental difference of the Scheimpflug lidar
technique enables the usage of low-cost, compact highpower continuous-wave laser diodes and highlyintegrated CMOS/CCD image sensors, which greatly
reduces the system complexity and cost.
In this work, we demonstrate a polarization
Scheimpflug lidar system for the polarization property
studies of atmospheric aerosols. A ground-based
polarization Scheimpflug lidar system, based on lowcost, compact laser diodes and CMOS sensors, was
developed in Dalian University of Technology, China.
Atmospheric remote sensing measurements have been
performed by using the polarization Scheimpflug lidar
system to validate the system feasibility.
2

METHODOLOGY

The system schematic of the polarization
Scheimpflug lidar is shown in Figure 1. A 4 W 808 nm
multimode (3 nm bandwidth) laser diode is employed
as light source. The laser beam is collimated by a F6
achromatic telescope (Focal length 600 mm, ∅100 mm)
for transmission. A half-wave plate is placed before the
achromatic lens for rotating the polarization of the laser
beam, which can be used to calibrate the polarizationdependent system constant. The atmospheric
backscattering light is collected by a F4 Newtonian
telescope (focal length 800 mm, ∅200 mm). The
received backscattering light first passes through an
absorption filter (RG780, Edmund Optics) and an
interference filter (808 nm, 3 nm FWHM, Edmund
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Optics) before separated by a polarization beam splitter
cube. Two titled CMOS sensors (CMOSIS,
2088×1088 pixels, 5.5 µm pixel width) are utilized to
simultaneously detect the orthogonal and parallel
polarized backscattering light. A trigger output signal
from one of the CMOS sensor is fed to a Johnson
counter, which then generate a square signal to
modulate the laser diode for dynamic background
subtraction. The equipment mentioned above are first
assembled and then carried by the two arms of an
equatorial mount (Skywatcher, EQ6) in accordance
with the Scheimpflug principle.

Here,  is the laser center wavelength, z is the
measurement distance ,  ( , z ) and  ( , z ) are the
backscatter and extinction coefficients at the distance
z . From the above equation, we note that the lidar
signal does not decrease over the square of the distance
which is the case in conventional pulsed lidar
techniques. This greatly facilitates the detection scheme
of the Scheimpflug lidar technique, and improves the
signal-to-noise ratio (SNR) for the far distance.
Following Eq. (1), the depolarization ratio  ( z ) can be
given by [14]
 ( z )=

k p Ps ( , z )
P ( , z )
=k s
.
k s Pp ( , z )
Pp ( , z )

(2)

Here Pp ( , z ) and Ps ( , z ) are the parallel and
orthogonal polarized signal. k p and k s are the system
constant in the parallel and orthogonal channels of the
Scheimpflug lidar system, and k  k p k s is a
polarization-dependent system constant of the
Scheimpflug lidar system. The system constant k can
be calibrate by, e.g., non-polarized light source method,
air molecular method and half wave-plate method [15].
In this article, we employ the half wave-plate method
to determine the system constant k during the
measurement campaign.
Figure 1. The schematic of the Scheimpflug Lidar system.
The co-alignment mount is capable of tuning the refractor in
two dimensions for the field-of-view overlap between the
Newtonian telescope and the refractor. The half-wave plate
can be rotated manually.

The laser beam image recorded by the CMOS
sensor after subtraction of a background image is
vertically (perpendicular to the laser beam transmission
direction) binned in a LabVIEW-based program
developed by our research group. The pixel binning
process leads to a single pixel-intensity curve. After the
system calibration with a hard target at a known
distance [10], the pixel-distance relationship can be
calculated and the distance-intensity curve, i.e., the
range-resolved lidar signal is then retrieved. According
to the Scheimpflug principle and geometrical optics,
the lidar signal detected by the Scheimpflug lidar
technique is given by [10]
z


P( , z ) K  ( , z ) exp[2  ( , z ')dz '] .

(1)
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MEASUREMENTS AND RESULTS

Depolarization measurements of atmospheric
aerosol were performed on December 14th, 2016
from 12:30 – 21:00. The local temperature was
about -6̊ to -3̊. The laser beam was pointed to the
south. Atmospheric backscattering signal was
measured with 20 ms exposure time, and each
lidar curve was generated from the mode-average
of 5000-time recordings (about 4 minutes). The
time-range maps of the parallel and orthogonal
polarized light are shown in Figure 2. The system
constant factor was calibrated by the half-wave
plate method. Since atmospheric backscattering
signal is angular resolved for the Scheimpflug
lidar technique, the system constant factor was
found to be variable for different pixels/distances
in this case. In the present work, an averaged
value of the polarization dependent system
constant was estimated, i.e., 1.3. The
Depolarization ratio map can then be retrieved.
The high depolarization ratio, observed in Figure
3, should be attributed to the highway
maintenance at around 200-300 m which
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generated significant amount of dust, and the wind
from north (Level 3-4).

Figure 3. Depolarization ratio time – range map
measured by the Scheimpflug lidar system.
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