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ABSTRACT 
We present the preliminary design of a 

polarization lidar system for detecting oriented 

dust particles. The system emits linearly- and 

circularly-polarized light from two lasers and 

detects the backscattered light, using two 

telescopes. The emitted light by each laser is 

detected from both telescopes alternatively, 

providing in this way two times the signals 

recorded by a conventional system. The system 

has also the capability of performing 

measurements at different zenith angles. Its 

detection strategy is based on scattering 

calculations for mixtures of oriented and 

randomly-oriented dust particles in different 

atmospheric scenarios.  

 

1. INTRODUCTION 

Dust orientation is an ongoing investigation in 

recent years [1]. Its potential proof will be a 

paradigm shift for dust remote sensing, 

invalidating the currently used simplifications of 

randomly-oriented particles. Currently, the only 

signature of particle orientation comes from 

astronomical polarimetry measurements of 

dichroic extinction [1], however these 

measurements provide only an indication of the 

alignment and refer to column-integrated values, 

not being capable for vertically-resolved 

retrievals. Vertically-resolved measurements of 

dust orientation can be acquired with a 

polarization sensitive lidar designed to target the 

off-diagonal elements of the backscattering matrix 

which are non-zero only when the particles are 

oriented [2].  

Previous studies have demonstrated the feasibility 

of using circular or linear depolarization lidar 

measurements to detect the orientation of ice 

crystals in clouds [3,4,5] and it has been 

theoretically shown that these techniques can be 

extended for oriented dust particles [2]. Geier and 

Arienti [2] showed that although the linear 

depolarization ratio is sufficient for discerning ice 

crystal orientation, this is not the case for smaller 

particles as dust. What they suggested is to use the 

linear or circular polarized light and detect the 

backscatter in different polarization planes. With 

this approach they were able to retrieve the off-

diagonal elements of the backscatter phase matrix, 

which provide information on the asphericity and 

the orientation of the particles.  

We will construct a polarization lidar that will 

emit linear- and circular-polarized light and detect 

the linearly- and circularly-polarized components 

of the backscattered light. The operating 

wavelength will be at 532 or 1064 nm for better 

probing of the dust coarse mode, and the design 

will follow the high quality EARLINET standards 

[6]. It will also employ the capability to measure 

at more than one zenith angle so as to provide 

more information on the dust orientation and 

microphysical properties, depending on the angle 

of the particle orientation. 

To achieve highly accurate polarization 

measurements with high signal to noise ratio 
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(SNR), the proposed lidar system will use high 

power lasers, large aperture telescopes and small 

receiver fields of view. In order to achieve good 

SNR in short measurement times the system will 

be equipped with two laser sources emitting 

interleaved linear and circular polarized light and 

two telescopes for their detection. The linearly- 

and circularly-polarized components of the 

backscattered light will be measured utilizing a 

Polarizing Beam Splitter cube (PBS) in one 

telescope and a circular analyzer (i.e. a Quarter-

Wave Plate (QWP) at 45° with a PBS) in the 
other. 

 The capability of the system in deriving the 

percentage of oriented dust particles in the 

atmosphere is investigated herein with a simulated 

dataset, considering different atmospheric 

scenarios. The corresponding backscatter matrices 

are calculated with the Amsterdam Discrete 

Dipole Approximation (ADDA) [7] for irregular-

shaped oriented dust particles [8].

2. METHODOLOGY

2.1 System design 

The system design is shown in Fig. 1. The two 

lasers (L1 and L2) shoot alternatively and their 

backscattered signals are collected by both 

Telescopes (T1 and T2). This “2-Lasers/2-

Telescopes” setup allows the recording of eight 
signals from the four detectors of the system (D1, 

D2, D3 and D4 in Fig. 1). This cost-effective 

approach provides higher SNR (up to 4 times) and 

smaller measurement errors due to no moving 

optics in receiver and transmitter.

L1 emits 45° linearly-polarized light with respect 

to the plane of the PBS1. L2 emits linearly-

polarized light which is transformed with QWPL2

with fast-axis angle of 45o to circularly-polarized 

light. The backscattered light collected by T1 is 

analyzed to its parallel and cross components of 

its linearly polarized component, recorded by D1 

and D2, respectively. The circularly-polarized 

component of the backscattered light collected by 

T2 is transformed to linearly-polarized 

component, passing through the QWP2 with fast-

axis angle of 45o. Further on, this linearly-

polarized component is analyzed to the parallel 

and cross components through the PBS2 and 

measured at D3 and D4, respectively.  

In our analysis we use the ratios of the recorded 

signals. Specifically, we use the natural 

logarithms of these ratios, so as to avoid large 

values in case of denominator values close to 

zero. The backscattered signals from L1, recorded 

at D1, D2, D3 and D4 are named as CH1, CH2, 

CH3 and CH4, respectively, and the backscattered 

signals from L2, recorded at D1, D2, D3 and D4 

are named as CH5, CH6, CH7 and CH8, 

respectively. The ratios used are ln(CH1/CH2), 

ln(CH3/CH4), ln(CH5/CH6) and ln(CH7/CH8).

Figure 1: The polarizing lidar design.
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2.2 Simulated dataset for system evaluation 

The system capabilities and limitations in 

detecting the percentage of oriented dust particles 

are investigated using simulated atmospheric 

scenarios, generated from a system signal 

simulator and considering the scattering properties 

of dust particles with realistic irregular shapes and 

their mixtures as oriented and randomly-oriented 

particles. The scattering database is generated 

considering the irregular-shaped particles of [8] 

(Fig. 2), using the ADDA code and the extensive 

computational resources of MareNostrum HPC 

and ARIS HPC. 

Figure 2: Particle shapes considered for dust 

particles (Source: [8]).

The maximum dust volume-equivalent size 

parameter considered is ~60 and the particle 

refractive indices are 1.6+i0 for “non absorbing” 
dust and 1.48+i0.002 for “absorbing” dust. We 
make the assumption that the particles are not

oriented at fixed angles, but “wobble” over a 
range of angles along the vertical direction. 

Moreover, we consider various heights above 

ground and depths for the dust layers, and we omit 

the presence of other aerosol layers in the 

atmospheric scene. The AODs of the dust layers 

range from 0.05 to 1.5 at 532 and 1064 nm. The 

above assumptions may be over-simplifications of 

the realistic atmospheric scenes, but they are 

useful as a first step towards a more extensive 

analysis.

3. RESULTS

3.1 Information content for the percentage of 
oriented particles 

Figure 3 presents a preliminary analysis of the 

information content for the percentage of oriented 

dust particles in the simulated signals considered. 

The analysis is done for a system emitting at 532 

nm (Fig. 3a) and at 1064 nm (Fig. 3b) and 

performing measurements at 60o from zenith. It 

seems that the measurements at 1064 nm provide 

more information on the dust particle orientation. 

These results will be further analyzed considering 

the real SNR of 1064 and 532 nm detectors, 

taking also into account viewing angles at e.g. 30o

and 45o from zenith. Finally, they will be used for 

constructing a retrieval scheme for the properties 

of oriented dust particles. 
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a) 

b) 

Figure 3: a) Percentage of oriented dust particles in the dust layers of the simulated atmospheric scenes, 

plotted versus the ratios of the logarithms of the signals (from left to right) ln(CH1/CH2), ln(CH3/CH4), 

ln(CH5/CH6) and ln(CH7/CH8),  for backscattered light at 532 nm, viewed by the lidar with 60o from 

zenith. b) The same with (a), for backscattered light at 1064 nm. 
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