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Performance Analysis of Fluorescence Lidar with Different Excited Wavelengths

WANG Qiang, HE Ting-yao, HUA Deng-xin
(School of Mechanical and Precision Instrument Engineering s Xi'an University of Technology, Xi'an 710048, China)

Abstract: Based on laser induced bioluminescence technique, ultraviolet 355 nm and 266 nm laser were
used as excitation light source respectively to construct a model of biological aerosol fluorescence radar
monitoring system. The effects of different excitation bands, ozone absorption and solar background light
on lidar fluorescence detection are comprehensively considered. The system performance is numerically
simulated and analyzed. The simulation results show that the system with the laser excitation of 266 nm
band, is strongly affected by the surface ozone, so the effective detection range at daytime is very limited.
When the system signal-to-noise ratio is 10 (SNR=10), ozone concentration 50 ppb, the maximum
detection range is about 300 m. While at the night time conditions, the detection range is about 450 m.
For the excitation of 355 nm, ozone has little effects on the detection performance of the system, its
detectable range up to 750 m at night. Solar background light effects on 355nm quite large at the field of
view 0.5 mrad, where the effective detection range is about 330 m. In order to reduce the influence of
daytime background light, the field of view of the telescope was compressed to 0.3 mrad, and the filter
with 50 nm bandwidth was used. The detection range can be up to 480 m at this case. In the conclusions,
the excitation of 355 nm band should better be used in night time measurement, while excitation band of
266 nm can well inhibit the effects of solar background light, so as to realize the effective detection of

biological aerosols during the day.
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Fig.1 Diagram of the fluorescence lidar
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Table 1 Specifications of the laser induced fluorescence lidar

Definition Reference value Definition Reference value
Laser wavelength/nm 266/355 Field of view of telescope/mrad 0.3/0.5
Pulse energy/m] 100 Filter bandwidth/nm 30/50
Pulse repetition frequency/Hz 10 Fluorescence wavelength/nm 295/450
Beam diameter/mm 0.9 Detector frequency bandwidth/MHz 5
Beam divergence/mrad <0.3 Transmission of receiving optical train 0.3
Diameter of telescope/cm 30 Quantum efficiency of the PMTs 0.2
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Table 2 Experimental environment parameters

Definition Reference value

Biological aerosol

Fluorescence cross-section/(cm?+sr 'enm ')

1071
Background noise
Solar background light/(Wem ?esr 'nm ') 1077 ~10°
Photocathode dark current/A 107"
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Fig.2 SNRs with the ozone concentration of 10,30,50 pg/L
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Table 3 Effective detection range of the system with different ozone concentrations (SNR=10)

External condition 10 pg/L 30 pg/L 50 pg/L
266 nm 670 m 560 m 450 m
Nighttime
355 nm 870 m 860 m 750 m
266 nm 420 m 370 m 300 m
Daytime
355 nm 610 m 610 m 550 m
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Table 4 Effective detection range of the system with different FOV under different solar background light
External condition/(Wem “e¢sr 'snm ') 10°° 10 10°
266 nm 710 m 630 m 590 m
0.5 field angle/mrad
355 nm 530 m 400 m 330 m
266 nm 870 m 790 m 740 m
0.3 field angle/mrad
355 nm 680 m 520 m 440 m

WA U8 O T B B E EAE AL 1h 0.3 mrad , 7E A [A] K BA A 50O RGO AR S A B kR AR
I TT 3R 3R G Aw M X I %) A AR D B 25 DL T 4L S 0806 Rl 98 30 nm, K SOGRER % BN 107
Wem Zesr 'enm .10 Wm Zesr 'enm '.10° Wem Zesr 'enm '(SNR=10)M},266 nm J¥ Bt & 4 M=
VI 96 G TR 1K B GE B9 SO B B 43 51 830 m 790 m 760 m;355 nm I B R A M IR IR DO TR K R S
HARCER D BB 25 4 ) 4 710 m. 520 m, 440 m. ¥ G A AF 98 8 50 nm, K M 5OGGE % E N
107° Wem Zesr 'enm ' (10 Wem Zesr 'enm ' .10° Wem Zesr 'enm ' (SNR=10) I}, 266 nm i B i & &

100 . 200 .
o0l 266 nm —— Shi10-> 1801 266 nm —S=10"
80t T 5T10 160 - = S§=10

--- 5107 <. - §=107
~ 70F 355nm —. - §=10" ~ 140 355nm —--§=10-

Z 60t —---8=10 Z 1204 ---=5=10

= S0t ---- 5107 S 100l —eee 8107

Z 0} 2
30F 60 |
201 40 L
101 20+

0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
Distance/m Distance/m
(a) 30 nm (b) 50 nm

e BHERELFHFRETARRAEEARRENGER L
Fig.4 SNRs with the different solar background light at two filter bandwidth
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Table S The effective detection range of the system under different solar background light to change the bandwidth of the filter

External condition/(Wem ?esr 'enm ') 107° 10 10°
266 nm 830 m 790 m 760 m
30 Bandwidth/nm
355 nm 710 m 520 m 440 m
50 Bandwidth/nm 266 nm 990 m 900 m 840 m
355 nm 760 m 590 m 480 m
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