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ABSTRACT
It is known that the retrieval of aerosol extinction
and backscatter coefficients from lidar data
acquired through so-called total-power channels –
intended to measure the backscattered power
irrespective of the polarization – can be adversely
affected by varying depolarization effects
produced by the aerosol under measurement. This
effect can be particularly noticeable in advanced
multiwavelength systems, where different
wavelengths are separated using a system of
dichroic beam splitters, because in general the
reflection and transmission coefficients of the
beam splitters will be different for fields with
polarization parallel or perpendicular to the
incidence plane. Here we propose a setup for
multiwavelength aerosol lidars alleviating
diattenuation
effects
due
to
changing
depolarization conditions while allowing measure
linear depolarization.
1. INTRODUCTION
Advanced aerosol-lidar systems use several
transmitted wavelengths and several receiving
channels, both elastic and Raman, for the rangeresolved measurement of the extinction and
backscatter coefficient of atmospheric aerosols at
different wavelengths. From the behavior of these
optical coefficients as a function of the wavelength,
microphysical properties of the particles can be
inferred [1]. The addition of depolarization
channels
allows
further
microphysical
characterization of the aerosols by providing
information about the shape of the particles
contributing to the backscatter [2]-[4]. In such
advanced systems some of the channels are total1

For the sake of simplicity in the terminology, we will
talk henceforth only about transmittance, since
reflectance plays exactly the same role in the equations

power channels, intended to receive the total power
scattered from the atmosphere at a given
wavelength; in some configurations, total-power
channels can also be part of the arrangement for
measuring depolarization [5]. To separate the
different wavelengths in the lidar receiver setup,
dichroic beam splitters are usually employed to
direct the different incoming wavelengths to the
corresponding receivers. Nevertheless the
reflectance and transmittance1 of beam splitters
depend in general on the polarization of the
incident radiation. Because of this, for the same
amount of collected backscattered power, the
power reaching the photodetector of a total power
channel can vary noticeably depending on the
depolarization produced by the aerosol
contributing to the backscatter. The response of the
beam splitters to an arbitrarily polarized wave can
be expressed in terms of the responses to waves
with linear polarizations respectively parallel and
perpendicular to the plane of incidence (henceforth
called p- and s-polarized wave respectively)
[6],[7]. It has been shown [7] that, for the usual
case of lidars transmitting linearly-polarized
beams, when the transmission ratio (the ratio of the
receiver transmittance for the p polarization to the
transmittance for the s polarization) exceeds the
interval (0.85,1.15) the retrieval of the aerosol
backscatter coefficient in the presence of mineral
dust can be biased by more than 5%.
Making the transmission ratio close to 1 to reduce
the effect of varying polarization may have a big
impact on the cost of the lidar receiver system, as it
requires custom-coated beam splitters [4].
Nevertheless, if i) the different wavelengths
transmitted all have linear polarizations parallel or
that give the power reaching a photodetector and has the
same formal dependence on the polarization of the
incident wave as the transmittance.
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perpendicular between themselves, ii) the
backscattering medium does not change the
polarized part of the returned radiation with respect
to the polarization of the transmitted beams [8] [10], nor does it the part of the optical receiving
system before the beam splitters, and iii) all the
beam splitters in the receiver setup are arranged in
such a way that the incidence plane is the same for
all of them, the sensitivity of the receiver to the
depolarization produced by the medium can be
suppressed by orientating the incidence plane to be
at a 45º angle with respect the polarization
direction of the polarized part of the return
radiation, irrespective of the transmission ratio. In
this case the depolarization information after
transmission or reflections is found in the 3rd and
4th components of the Stokes vector, whence it can
be retrieved with a quarter-wave plate and linear
polarizer arrangement.

respect to a reference direction perpendicular to the
propagation one. If the reference direction is taken
parallel to the incidence plane of the beam splitters,
the Stokes vector at the setup output is found as
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If we assume that the light entering the optical
setup is a combination of linearly polarized light
and completely depolarized light, as would be the
case if the polarization of the transmitted light is
linear and the depolarizing scatterers do not have a
preferred orientation [8]-[10], the Stokes vector
describing the intensity and polarization state for
that radiation will be [11]

 si 
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Eq. (1) shows that the transmitted power (1st
element of the Stokes vector) has become
insensitive to the depolarization ratio. The
depolarization information is found in the 3rd and
4th components of the Stokes vector (the power of

plane and t si in the s-plane is
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It can be easily shown that, if they share the same
incidence plane, the Mueller matrix of a system of
N cascaded beam splitters where the i-th element
has a (complex) field transmittance t pi in the p2




which for   45º or   135º reduces to

2. PROPOSED SETUP
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Fig. 1. Setup for measuring the calibrated volume
depolarization ratio.

0 ,

where I is the total intensity of the light, I || is the

the depolarized light is I d  I  I|| ), whence it can

intensity of the linearly polarized part, and  is the
angle of the linear polarization direction with

be extracted and calibrated using the setup outlined
in fig. 1, where the equivalent beam splitter
represents any combination of beam splitters with

2

EPJ Web of Conferences 1191,1 23003 (2016)

DOI: 10.1051/ epjconf/201611923003

ILRC 27

the sole condition that they share their incidence
planes.

with V p* the voltage responsivity of the polarization
photodetector. By making the ratio between V p 00

3. DEPOLARIZATION CALIBRATION

and VT we obtain the coefficient

Calibration of the depolarization ratio is crucial for
quantitative measurements. Assuming the
(linearly) polarized part of the incident light has the
polarization direction at 45º with respect to the
incidence plane, the Stokes vector of the
transmitted beam will have the form given by Eq.
(1). As the first component of the Stokes vector
corresponds to the total power of the beam and it is
proportional to the total incoming power I , we
will designate the detector measuring the power of
the transmitted beam as the total-power
photodector. At its output we will have a voltage
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Likewise, by setting   0 ,   90º , we will
obtain an output voltage of the polarization
photodetector that divided by VT will result in the
coefficient
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Dividing the output of the polarization
photodetector when   45º ,   45º by VT we
obtain a coefficient

with VT* the voltage responsivity of the
photodetector. The Stokes vector of the reflected
beam, before passing through the quarter-wave
plate and the linear polarizer, will have the form
given by Eq. (1), with the reflection coefficients
rp , rs substituted for the respective transmission
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which using Eqs. (3)and (4) can be written as

The Mueller matrix of the cascaded quarter-wave
plate and linear polarizer can be shown to be
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with  the angle between the quarter-wave plate
fast axis and the p-plane and  the angle between
the polarizer transmission axis and the p-plane.
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reflection coefficients rs and rp respectively.
Likewise setting   45º ,   0 and dividing the
output of the polarization photodetector by VT we
obtain the coefficient

0 0 ,


and the polarization photodetector will yield an
output voltage
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By setting   0 ,   0 , the Stokes vector of the
light exiting the ensemble is
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The diphase s   p can be calculated from Eqs.
(5) and (6):
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