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Fig.1 Structural schematic of polarization lidar
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Tab.1 Main technical parameters of the polarization

lidar
Parameters Values
Laser Nd:YAG
Wavelength/nm 1064
Single pulse energy/pJ =100
Pulse width/ns <10
Polarization state Horizontal polarization
Frequency/kHz 1-10
Time resolution/s 5
Spatial resolution/m 15

=10 @Nighttime =7 @Daytime
0-360@ Horizontal—5-90@ Vertical

Detection range/km
Scanning angle/(°)
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Tab.2 Simulation parameters of lidar detection

performance
Parameters Value
Wavelength/nm 532 1064
Single pulse energy/uJ 150
Polarization state Horizontal
Frequency/kHz 10
Diameter of telescope/mm 100
Integral time/s 10
Spatial resolution/m 15
Detector quantum efficiency 40% 3%
Received field angle/mrad 0.4
Filter bandwidth/nm 1

AT 1064 nm P51, 532 nm K K FHTF 5O
ST, KAE R AT, K 2 40 BB T R A
WAL AN [A) R UL RE 25T, SR WA Al il < 1) ol AR 908K
SR IR KT B FE RS . 1064 nm P K FE S km
AE LRSS R, AT S B4 KK 6 km LA EIRIEEE

12 000
£ 10000} @
&n
§ 8000 -
= 6000 F
2
E 4000 + 532 mm
R 2000¢ —— 1064 mm

O n n n n
0 3000 6 000 9 000 12000 15000
Visibility/m

20 000
E (b)
E" 16 000 |
£ 12000 F
=}
2 8000}

8 e 532 mm
g 4000 —— 1064 mm
0 1 1 1 1
0 3000 6 000 9 000 12000 15000

Visibility/m

2 AFIREILEE Z&4FT 532 nm Al 1064 nm 3 K ARREOE S AR

PRI, (2) FHK; (b) B
Fig.2 Simulation of 532 nm and 1064 nm polarization lidar detection
range under different visibility conditions. (a) Daytime; (b) Night-

time
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Fig.4 Flowchart of scanning and data processing strategy
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Tab.3 Table of national standard diffusion para-

meters

"
A 0.22x/(1+0.000 1x)** 0.2x
B 0.16x/(1+0.000 1x)** 0.12x
c 0.11x/(1+0.000 1x)** 0.08x/(1+0.000 2x)**
D 0.08x/(1+0.000 1x)** 0.06x/(1+0.000 2x)**
E 0.06x/(1+0.000 1x)** 0.03x/(1+0.000 3x)
F 0.04x/(1+0.000 1x)* 0.016x/(1+0.000 3x)
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Fig.10 Pseudo-color map of range calibration signal obtained from

background spectrum scanning measurement
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Fig.11 Fire point recognition. (a) Pseudo-color images of depolarization ratio obtained by scanning measurements; (b) Profile of depolarization ratio

obtained by single radial measurement
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Polarization lidar system for smoke and dust monitoring and

experimental research

Xu Wenjing', Xian Jinhong?, Sun Dongsong'”

(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China;
2. School of Atmospheric Sciences, Nanjing University, Nanjing 210023, China)

Abstract:

Objective The fires in forests, wetlands, grasslands and other natural areas are characterised by their sudden and
destructive nature, and it is important to reduce the damage caused by fires through early detection and fighting.
Traditional fire monitoring methods such as manual inspections and cameras do not allow for 24/7, wide-area
monitoring, and there is a lag in detecting fires. Therefore, the use of lidar with high precision, high resolution,
long detection distance and sensitivity to changes in aerosol particle concentration, etc., can play an important role
in the field of smoke and fire monitoring, to achieve early detection and early warning of fire. Researchers have
made some explorations in this area. However, for lidar detection distance of 2 km or more, the single pulse
energy of the laser was on the order of millijoule, and there is a human eye safety risk for outdoor use. Moreover,
the researchers have not given an analysis of the measurement and application in a multi-obstacle environment.
Therefore, a polarimetric lidar system with a day and night detection, and detection distance of more than 6 km
and the single pulse energy of the laser on the order of microjoule is proposed.

Methods Laser wavelengths adapted to outdoor long-range detection are obtained through simulations. The lidar
scanning strategies are designed for different installation scenarios, for flat environments and for environments
with many obstacles, respectively. As the lidar measurement areas are at a certain height from the ground,
correction for fire point positioning errors is based on a Gaussian plume model. A portable lidar system with
polarization channels was built to further validate the simulation results, scanning control strategies and inversion
algorithms through field experiments.

Results and Discussions By simulating the detection distance of lidar with different wavelengths, the results
show that the detection distance of lidar with 1 064 nm wavelength is 1.3-1.4 times of 532 nm wavelength (Fig.2).
By optimizing the scanning strategy and algorithm (Fig.4), the influence of fixed obstacles and temporary moving
obstacles can be eliminated. In order to avoid obstacles of similar height around the installation site, a certain
elevation angle is usually set for the lidar, and the horizontal distance deviation and vertical height measurement

deviation resulting from the existence of the detection elevation angle are calculated. When the elevation angle of
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lidar detection is 2°, the measured height deviation at 6 km is 209.397 m. The Gaussian plume model is used to
simulate the soot concentration distribution. When the atmospheric stability is B and the average wind speed is
1 m/s, the high value point of soot concentration distribution at 200 m height is =1 km from the ground fire point,
it provides a correction basis for accurate location of fire point. Outfield measurements by using 1 064 nm
polarization lidar in both mountainous and plain environments can quickly and accurately identify fire points,
which demonstrate the feasibility of using lidar for smoke and fire monitoring.

Conclusions A scanning polarization lidar can rapidly identify fire smoke and dust. The field experiments were
conducted in Panshan County, Panjin City, Liaoning Province, around Yanghu Scenic Area, and Guanyin
Mountain Forest Park, Dongguan City, Guangdong Province, respectively. The polarization lidar was able to
identify the smoke and dust quickly under the open area and multi-obstacle mountainous area. Observational data
will be accumulated in subsequent experimental tests to verify the optical properties of various types of soot

particles and further improve the identification efficiency.
Key words: polarization; lidar;  depolarization ratio;  remote sensing;  fire smoke monitoring
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