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High repetition rate polarization Lidar system and experiment for
forest fire detection
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(1. School of Mechanical and Precision Instruments Engineering, Xi "an University of Technology, Xi’an 710048,
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2. Xi "an Meteorological Bureau, Xi’an 710600, China)

Abstract: In order to monitor forest fires, a high-repetition-rate polarization Lidar system was developed based on the
light scattering and polarization characteristics of smoke particles generated during fires. The system consists of subsys-
tems for laser emission, optical reception, echo signal acquisition and processing, and scanning control. To meet the de-
mands for large-scale, high-resolution, and rapid forest fire detection, a high-power, high-repetition-rate laser was se-
lected as the probing source, coupled with a high-resolution gimbal for precise scanning. With a Lidar repetition rate of
5 kHz, the system can perform patrol scanning a forest area with a 10-km radius in 48 minutes at an angular resolution
of 1°. To address the challenges of echo signal acquisition and cumulative averaging during high-repetition-rate detec-
tion, a novel “readout-accumulation-storage” IP (Intellectual Property) architecture was designed, enabling efficient
echo signal processing and improving the signal-to-noise ratio. The completed high-repetition-rate polarization Lidar un-
derwent near-field and far-field simulation experiments, with detected signal peaks corresponding to fire locations.

When deployed in Yan’an City, the Lidar successfully detected simulated fires at distances of 5. 4 km and 8. 1 km, vali-
dating the system’s effective detection capability.
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Fig. 1 Scanning polarization LiDAR System: (a) structural di-
agram; (b) physical photograph
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Fig. 5 Experimental results of simulated fire (near range) : (a) PPI of S-channel’s RSCS; (b) profile of extinction coefficient at

56°; (¢) profile of depolarization ratio at 56°
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Fig. 6 Experimental results of simulated fire(far range) : (a) PPI of S-channel’s RSCS; (b) RSCS at 61°; (c) profile of depolar-

ization ratio at 61°
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Fig. 7 Lidar installation position and site photos
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Fig. 8 Pseudo-color image of Yan'an simulated forest fire

scanning: (a) extinction coefficient; (b) depolarization ratio
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