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ABSTRACT: During the last decades big efforts have been made world-wide to reduce or at least to put a
stop to the increasing of air pollution. Among all remote sensors for the atmosphere lidar in recent years has
achieved an important role in observing earth's atmosphere by monitoring aerosol concentrations which can
give information on air pollution mechanism. Moreover, with recent technological advances in lasers and de-
tectors, portable lidars have been built in order to perform aerosols iz situ measurements. In this context, the
CO.RI.S.T.A. led a research project funded by the Italian Ministry of Research and Technology, to realize a
lidar system for monitoring of particulates in atmosphere. The main goal of the project is to get a compact, in-
expensive, easy-and-safe to use lidar system. The lidar system realised is provided with an optical apparatus
of emission/reception in bistatic configuration composed of a Cassegrain telescope and a beem-steerer, a
Nd:YAG laser and two acquisition channels. Thanks to its limited size and light weight the system can be eas-
ily moved for in situ measurements. Preliminary intercalibration measurements of the prototype will be
shown.

Moreover, with recent technological advances in
lasers and detectors, lidar technology has great
promise for future observations from platforms such

1 INTRODUCTION

During the last decades big efforts have been carried
out world-wide to reduce or at least to put a stop to
the increasing of air pollution: air control units have
been implemented at industrial plants, catalysts at
the cars, traffic of vehicles has been forbidden in the
downtown to reduce the impact of the air pollution
on the population.

Among all remote sensors for the atmosphere, the
lidar technique in recent years has achieved an im-
portant role in remotely monitoring and characteris-
ing optical properties of atmospheric aerosol and
pollutant particles with a high spatial and temporal
resolution, providing also information on atmos-
pheric transmissivity, density and temperature pro-
files (Collis R.T.H., Russel P.B., 1976, Ambrico P.
F.,2000)

as unattended airborne vehicles or commercial air-
lines because the systems can be very compact.
(John R. Henderson, 1996, J.D. Spinhirne, 1995)

In this context, the CO.RI.S.T.A. (Consortium for
Research on Advanced Remote Sensing Systems) is
leading a research project funded by MURST (Ital-
ian Ministry of Research and Technology), with
Quanta System and Kayser Italia as partners, to real-
ize a lidar system for monitoring of particulates in
atmosphere. The main goal of the project (named
LAPMI) is to get a compact, inexpensive, user-
friendly lidar system. The LAPMI project is part of
the European research program EUREKA, where
INOE 2000 (National Istitute of Research and De-
velopment for  Optoelettronics, ROMANIA),
CEPIEM (Institute for Employment Protection,
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Health and Ergonomics, ROMANIA), Prefecture of
Bucarest, and Italian CO.RL.S.T.A. are working to-
gether to develop techniques to monitor particulates
in atmosphere by means of lidar systems.

This paper reports on the realisation of a portable
lidar prototype for in situ measurements of aereo-
sols. The lidar system realised by CO.RL.S.T.A. and
its partners is provided with an optical apparatus of
emission/reception in bistatic configuration com-
posed by a Nd:YAG laser, a Cassegrain telescope
and a beam-steerer, and two acquisition channels at
two different wavelengths. The prototype can per-
form 3D measurements by scanning the atmosphere
along the azimuth and the zenith angles, by means of
two stepping motors Thanks to its limited size
(height 1m, width 1m) and light weight (less than 50
Kg), the system can be easily moved for in situ
measurements. Both the telescope and the acquisi-
tion channels have been modelled and deeply ana-
lysed with Zemax (Zemax,1999), a 3D simulation
program which allows to design optical system and
to investigate their performance. Intercalibration
measurements of the prototype with the more com-
plex lidar of the INFM (National Istitute for the
Physics of the Matter) will be presented.

2 THE PROTOTYPE

A lidar is essentially composed of a transmitter (la-
ser) and a receiver (telescope). Its principle of opera-
tion is illustrated in Figure 1: the backscatterers
(molecules, aerosols) at the distance R from the sys-
tem send back part of the laser pulse toward A, ac-
tive surface of the telescope. Consequently, the
analysis of the detected signal as a function of't, time
interval between emission and detection, allows one
to study the optical properties of the atmosphere
along the beam, since the simple relation between t
and R is given by:
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Figure 1. Lidar principle of operation. The points represent ge-
neric atmospheric scatterers (molecules, aerosols)

The photons detected within tp, detector response
time, are backscattered from the layer delimited by
the distances R and R+ctp/2. Their number n is pro-
portional to the thickness ¢tp/2 and to the backscat-
tering coefficient B of the involved air volume. Fur-

thermore, in its round trip, the original pulse con-
sisting of ng photons is attenuated by the atmos-
phere. This phenomenon is quantified by the extinc-
tion coefficient o.. Moreover, n is proportional to the
solid angle A/R* and the efficiency { of the detection
system. So the lidar equation can be finally written
(Measures R.M. 1992),
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Basically the functional scheme of our lidar sys-
tem is the following: the laser signal, sent into the
atmosphere by an hand-operated beam steerer, is
collected by the telescope, passes through a dia-
phragm and then is collimated on a narrow-band in-
terference filter. Then the radiation is detected by a
photomultiplier and is acquired by a multichannel
board. The two wavelengths can be remotely se-
lected in order to automatically switch from a 355
nm measurement to a 532 nm measurement. In figs
2 and 3 a layout and a picture of the prototype are
shown respectively.

In order to maintain high efficiency and compact-
ness of the system, a diode pumped Nd-Yag laser
source was realised by Quanta System (Quanta Sys-
tem 2002) The laser source can be operated in sec-
ond and third harmonic with an energy per laser
pulse of 500 uJ and 300 wJ respectively, and a repe-
tition rate of 1 kHz. The pulse lenghts are about 50
ns for both wavelenghts, leading a spatial lidar reso-
lution of 7.5 m

In table 1 the laser source characteristics are sum-
marised.

__.\

Figure 2. Lidar prototype layout
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Figure 3. A Lidar prototype picture

Table 1. Characteristics of the laser source for Lapmi project

Wave- Energy Beam Pointing Beam Repe- Pulse
length  per polari- stability  diver- tition length
pulse  sation gency rate
532nm 500 uJ TEM,, <100 urad I mrad 1kHz 50ns
355nm 300 ) TEMy, <100 urad 1mrad 1kHz 50ns

This prototype has been projected in a bistatic
configuration with a telescope-beam laser distance
of 27 c¢m, leading to a minimum observable range of
170 m and 150 m with diaphragm of 3mm and 4 mm
respectively. To send the laser radiation into the at-
mosphere a hand-operating beam steerer has been
designed made up by two plane mirrors, with coat-
ing for both 532nm and 355nm, mounted at 45° on
two hand-operating gimbal mirror, as shown in Fig-
ure 4.

Figure 4. A beam steerer view

The telescope has a Cassegrain configuration
with a spherical primary mirror and an elliptical sec-
ondary mirror (see fig 5). To achieve this configura-
tion we performed simulations with Zemax software,
looking for the best compromise between compact-
ness, low cost, a good aberration correction and a

good backscattered radiation retrieval. The primary
mirror has a diameter of 20 cm with a central aper-
ture of 3cm, while the secondary mirror has a diame-
ter of 6 cm. A 17 cm buffle has also been realised to
avoid the detection of the light that enters the tube
without being reflected by the mirror (H. Rutten,
1999). The effective telescope focal length is 140
cm; diaphragms of different diameters (2,3, 4 mm)
can be used in order to see different atmosphere
ranges, starting form 140 m, 170 m, 210 m , respec-
tively, up to 5 km, having in the mean time the tele-
scope field always greater than laser beam diver-

gence.

Figure 5. A view of the lidar Cassegrain telescope

Spectral selection is made by two narrow band in-
terference filters, with (0.5 + 0.1) nm FWHM, center
wavelength of (532 £ 0.075 ) nm and (355 % 0.075)
nm respectively, transmittance > 35%, and a block-
ing of 10*e”-6 out of band. The backscattered laser
radiation coming from different atmosphere ranges
focuses in different position on the optic telescope
axis. By performing simulations we calculated the
beam divergence 6 due to this field depth, and the
wavelength shift AA on the interference filters due to
the beam divergence and to the effective refractive
index of the filters (Colavitto T,2001)., as follows:
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with
{nef/(ﬂ =355nm) = 2.124

4
1, (A =532nm) =1.841 @
In table 2 and in table 3 we report divergence angles
and AL calculated for different atmosphere range
and with a 3 mm diaphragm for the two wave-
lengths.
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Table 2. Divergence angles and AL for different atmosphere
heights at 355 nm

Atmosphere height AL (nm) 0 (mrad)
(Meter)
170 (min observable -0.017 4.6
height)
467 (full overlap -0.025 18
height)
100000 -0.009 15

Table 3. Divergence angles and AL for different atmosphere
heights at 532 nm

Atmosphere height (Meter) A\ (nm) | O (mrad)
170 (min observable height) -0.015 14
467 (full overlap height) -0.03 18
100000 -0.03 18

The wavelength shift introduced by the beam di-
vergence and the effective refractive index of the
filters is always smaller than the filter bandwidth for
both the 532nm and 355 nm

To detect the backscattered radiation two acquisi-
tion channels was designed. The digital detector is
an Hamamatsu photomultiplier H6180 with a dis-
criminator and a preamplifier stage, while the analog
detector is an Hamamatsu photomultiplier H6780.
The analogue and digital signals are acquired by
means of a multichannel board with a 12 Bit A/D
resolution and a DC-20 MHz bandwidth, for the ana-
log acquisition and a 250 MHz maximum count rate
and a 10 MHz - 250 MHz bandwidth for the digital
acquisition respectively

3 INTERCALIBRATION MEASUREMENT

The prototype was calibrated by performing simul-
taneous backscattering measurements with a fixed
lidar of the INFM laboratory of Naples at 355 nm .
This lidar system is based on a XeF Excimer laser
(A=351nm) working at a repetition rate of 50 Hz
with a pulse energy of 50 mJ. The backscattered ra-
diation is collected by a Newtonian telescope, in
monostatic configuration, with a primary mirror of
30 cm diameter and focal length of 120cm (Amodeo
A. 2000). The detection and data analysis system in-
cludes two acquisition channels corresponding to the
elastic backscattered radiation and to the Raman
shifted echoes from N, molecules. Data acquisition
will be performed through a composite system,
which includes both analog digitizing and photon
counting techniques simultaneously to extend the
sounded range from 100 meters to 20 Km. In Figure
6 and in Figure 7 two typical analogue and digital

intercalibration measurement are sketched. These
measurements have been performed with 3 mm dia-
phragm, an energy laser of 300 pJ. Measurement has
been obtained by acquiring lidar signals averaged
over 4000 laser shots for 30 minutes. The raw data
were binned over 8 points leading to a 60 m spatial
resolution. The so obtained profiles show a good
agreement from 500m up to 7 Km. The slightly data
departures at height lower than 500 m are due to the
fact that effective area correction (Velotta R., 1998)
has not been take in account for our data. (so that
our lidar signals are always undervalued until all the
backscattered lidar signal is completely in the tele-
scope field of view). Moreover, a measurement at
532 nm has been compared with a simultaneous
measurement performed with INFM lidar at 351 nm
showing a consistent lidar data behaviour.

photoncount ting signal @ 35Snm

Figure 6. Photoncounting intercalibration measurement. The

signal of the fixed lidar is the continuos line and the portable
lidar signal is the dashed line
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Figure 7. Analog signal intercalibration measurement. The sig-
nal from fixed lidar is the continuos line and the portable lidar
signal is the dashed line
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4 CONCLUSION

A new prototype of portable lidar for aerosols meas-
urements has been realised. The prototype is pro-
vided with an optical apparatus of emission/ recep-
tion in bistatic configuration composed of a Casse-
grain telescope and a beam-steerer, a Nd:YAG laser
and two acquisition channels. The prototype can per-
form 3D measurements by scanning the atmosphere
along the azimuth and the zenith angles. Thanks to
its limited size (height 1m, width 1m) and short
weight (less than 50 Kg), the system can be easily
moved for in situ measurements. Intercalibration
measurements with a fixed lidar have been per-
formed showing very reliable performance of the
prototype.
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