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Lidar is becoming a new reference method to mon
itor air pollution. Although decisive advantages 
like remote analysis and three-dimensional (3-D) 
mapping were demon

strated more than 20 years ago, 
lidar systems remained in the 
laboratory until now. Wide
spread use by environmental 
protection agencies results from 
many different advances. First, 
the capabilities of today's 
Differential Absorption Lidar 
(lidar/DIAL) systems almost 
perfectly match the needs and 
requirements of air quality 
enforcement. In particular, 
lidars provide 3-D maps of con
centrations of nitrogen ox
ides,2,3 sulphur dioxide,1 ozone,7 

and recently toluene and benzene4 at highest sensitivity 
(ppb-range), over large distances (10 km), 1 - 3 and this at 
much higher resolution and lower cost than a standard 
network, a set of standard pollution monitoring con
tainers placed at different locations in a city. 
Furthermore, access to a 3-D picture is a very powerful 
tool when setting up different emitters. 

Second, optical techniques are now commonly rec
ognized as delivering more representative data than 
spot measurements: An integrated value over a defined 

optical path (ranging 
from few meters to few 
hundred meters) always 
contains more informa
tion than precise spot 
data at a wrong location! 
These arguments spurred 
standardization commis
sions to require optical 
techniques be used in the 
pollution-control legisla
tion. Pioneering work has 
been performed in this 
respect by the German 
commission VDI /D IN 
(Deutsche Industrie 

Normen), which has scheduled, for this spring, the first 
legal text defining lidar as a standard. 

The last and most decisive progress relates to tech
nology. The advent of new tunable all-solid-state laser 
systems, such as vibronic lasers (Ti:sapphire, LICAF, 
LISAF) or laser-pumped optical parametric oscillators 
(OPOs), has opened a new era in the domain of user-

Figure 1: The "all-solid-state" mobile lidar/DIAL system 
Elight 510 M. 
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friendly and fully automatic DIAL operation. The sim
plicity and compactness of flashlamp-pumped vibronic 
lasers are, however, major advantages compared to 
laser-pumped OPOs. The new Lidar/DIAL systems are 
very reliable devices, reaching highest industrial stan
dards. 

At Elight, we developed a new generation of "all-
solid-state" lidar/DIAL systems, in cooperation with the 
Freie Universität Berlin [FU Berlin (group of Prof. L. 
Wöste)], based on a 
flashlamp-pumped 
Ti:sapphire laser. The 
development of this 
laser has been fully 
dedicated to lidar 
applications, to reach 
specific requirements 
like highest energy, 
dual-wavelength oper
ation, extreme reliabili
ty, and user-friendli
ness. The wavelength 
range accessible by the 
laser and its wavelength 
extension by nonlinear 
optical devices make it 
an ideal tool for both 
DIAL and meteorolog
ical applications. 

The new generation 
of Elight's all-solid-
state lidar/DIAL sys
tems is split into two 
different product lines 
depending on the 
application: stationary 
and mobile. The sta
tionary systems, like 
the ones constructed 
for the cities of Berlin 
and Leipzig, are dedi
cated to routine 3-D 
mappings over the city, 
while the mobile ones 
are mainly used for 
campaigns. Several campaigns have been performed in 
large European cities, like Zürich,2 Stuttgart, Lyon, 
Geneva,7 and Berlin.6 This article is dedicated to the 
compact mobile DIAL unit, the Elight 510 M, and its 
very recent results (August-September 1994) obtained 
in Athens during the European Mediterranean 
Campaign of Photochemical Tracers (MEDCAPHOT). 

Mobile "all-solid-state" DIAL units 
The specifications necessary for DIAL detection of 
atmospheric pollutants (narrow linewidth, high energy 
in UV, short pulse duration) required development of a 
new flashlamp-pumped Ti:sapphire laser in oscillator/ 
amplifier configuration. To check the reliability, a simi
lar system was equipped with a multispectral lidar sys
tem from the Consiglio Nazionale delle Richerche 

(CNR)-Florence and the FU-Berlin, and sent for six-
months under extreme conditions in the Arctic Circle 
during the European Arctic Stratospheric Ozone 
Experiment (EASOE) campaign.5 

The patented oscillator arrangement is based on a 
dual Littrow cavity providing both reference and probe 
wavelengths, either simultaneously or alternately. The 
switching is performed by a rotating face parallel prism 
allowing a collinearity between both laser beams of bet

ter than 100 μrad. The use 
of a single laser also dras
tically reduces mainte
nance. Mode quality and 
frequency stability are 
assured by a graded 
reflectivity (super-
Gaussian, 50% max.) out
put coupler. 

Using a Pockels cell as 
a Q-switching device, this 
laser system delivers 250 
mJ in 20 nsec pulses with a 
bandwidth of 0.2 cm-1 

over the whole tuning 
range (695-950 nm). The 
very high pulse power 
allows efficient nonlinear 
optical frequency conver
sion (SHG ~ 20 %, THG 
~ 4% of the fundamental) 
to reach the UV-wave
lengths necessary to detect 
nitrogen oxides, sulfur 
dioxide, ozone, benzene, 
and toluene. New frequen
cy doubling crystals like 
KNbO3 should even pro
vide SHG efficiencies of 
more than 50%. 

An additional exten
sion of the accessible 
wavelength range, partic
ularly useful for hydrocar
bon detection, is provided 
by a KTP OPO in non-

critical phase matching (NCPM) configuration. With 
this device, infrared radiation in the 1.01-1.43 μm and 
2.16-3.31 μm bands is generated with an efficiency of 
up to 10%. Mixing of the OPO signal response idler 
beam with the Ti:sapphire pump laser generates light in 
the visible, thus closing the gap between Ti:sapphire 
fundamental and SHG. 

The laser beam is first expanded 10X by a combina
tion achromatic lens/off-axis paraboloid to meet eye-
safety requirements (DIN 0837). It is then sent into the 
atmosphere by a dual scanning periscope in composite 
material, which also directs the backscattered light to the 
400 mm/f3 parabolic mirror (Fig. 1). This telescope 
focuses the light onto an iris to limit the field of view to 
about 0.5 mrad. The signal is detected by a photomulti
plier, through a motorized filter wheel, to automatically 
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Figure 2: 2-D vertical mapping of the ozone concentration over Athens. 

Figure 3: Dense NO2 layer at low altitude over Athens. 



select the proper spectral filter. An oversampling tech
nique has been preferred to high resolution, and an 8 
bits-400 MHz digitizer is used for the A/D conversion. 
The data are treated by a Macintosh Quadra, which con
trols all parameters: wavelength setting and calibration, 
receiver parameters (PMT-high voltage, spectral filter 
used), and the steering of scanning periscope. Particular 
effort has been dedicated to Windows™-based software, 
which not only includes a sophisticated inversion algo
rithm optimizing the signal-to-noise ratio, but also 
allows automatic operation, on-line evaluation of the 
data, and high level graphic representation. 

The dual-wavelength flashlamp-pumped Ti:sapphire 
described above allows extreme compactness: The whole 
system is only 110X100X120 cm, so it leaves much space 
for the users, even in a small bus (Mercedes MB 100). 

This system is able to perform 3-D mappings of NO, 
NO 2, SO2, O3, benzene, and toluene at very high sensi
tivity (few ppb) and over several kilometers. The IR-
option, based on the NCPM-OPO for the detection of 
CO, CO 2, and VOCs, is under investigation in our labo
ratories. 

3-D monitoring using a compact DIAL system 
An extensive study has been pertormed on urban pollu
tion created by traffic.2,7 Lidar measurement campaigns 
of a few weeks in several large European cities (Stuttgart, 
Lyon, Berlin, Geneva, Zurich) have provided interesting 
information about the influence of urban topography. 
The study shows that topography and meteorologic 
conditions often play an even more important role than 
the intensity of emission itself. Narrow streets with less 
traffic generate for example higher concentrations than 
larger, better ventilated axes. 

Several earlier campaigns were also performed on 
secondary pollutants like NO 2 and O 3 . 7 The most 
recent examples were obtained last summer (from 
August 15 to September 15) in Athens, where a large 
scale campaign (MEDCAPHOT) was organized by the 
European Community. The goal is to better understand 
the photochemical and meteorological processes gener
ating summer smog in the already famous Greek basin. 
The lidar/DIAL system exhibited unique features to 
monitor efficiently these photochemical dynamics, 
namely the NO-NO 2-O 3 cycle. In particular, Figure 2 
shows a typical result obtained during the campaign, 
left, a vertical cut signal-to-noise of the ozone concen
tration over the city, and right the horizontal path aver
aged vertical profile. The range is about 2X2 km. This 
map clearly exhibits a 200-m-thick "ozone layer" over 
Athens, at about 400 m altitude with a maximum con
centration of 70 ppb. At ground level, conversely, the 
concentration remained under 20 ppb. This situation 
results from the high NO concentration generated by 
the dense traffic, which reacts with ozone to produce 
NO2. 

Figure 3 shows a typical low laying NO2 layer, reach
ing 100 ppb in the morning. The 2-D mapping exhibits 
this dense low altitude layer with a rare realism. To close 
the photochemical circle, this generated NO 2 will be 
photodissociated by the solar light in the afternoon, to 

intensify the higher altitude ozone layer. These results 
are only examples of the capability of a mobile DIAL 
system. They still have to be carefully interpreted and 
correlated with the other measurements of the cam
paign, especially wind profiles and ground measure
ments, to get a precise picture of the processes that gen
erate summer smog in Athens. 

Note that, since then, two further mobile units 510 
M have been ordered by two European cities, and that 
the demonstration unit is now providing 3-D mappings 
of the air quality in Sao Paulo. But this is a new story. 

There is no doubt today that with the recent techno
logical step forward in the matter of reliability and 
compactness and with the approval of the normaliza
tion commissions next year, lidar systems will soon 
become standard tools for major environmental pro
tection agencies. 
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