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Abstract In order to develop a Rayleigh-Mie Doppler lidar system for detecting mid-to-high wind fields, a set of
532 nm Rayleigh-Mie Doppler lidar verification system based on triple Fabry-Perot interferometer (FPIl) was
previously built and the actual comparison test was conducted. Using the verification system, the FPI transmission
calibration experiment was carried out firstly, and the actual transmission curves of triple FPI were obtained by
using the nonlinear fitting method. The spectral width of FPI-1, FPI-2, and FPI-L.L were 1.20 GHz, 1.22 GHz, and
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1.18 GHz respectively, the peak transmission were 0.817, 0.807, and 0.768 respectively, and the peak intervals of
FPI-1 & FPI-2 and FPI-1 & FPI-L were 3.91 GHz and 1.25 GHz respectively. Furthermore, the actual wind speed
detection sensitivity of the system was given when both of the Mie and Rayleigh scattering signals were incident.
Secondly, continuous observation experiment of radial wind speed and comparative observation experiment of
horizontal wind field were carried out. The experimental results show that in the single radial wind speed
measurement, the system has the capable of detecting wind field at a height of about 10 km and 16 km in the
daytime and night respectively with the time resolution of 2 min and spatial resolution of 75 m. In the height range
of 2.7 km to 10 km in the daytime and 1.5 km to 10 km in the night, the data of the horizontal wind field measured
by the verification system coincide with those measured by the balloon. In the night, 70.8% of the horizontal wind

speed and direction data deviation is less than 2 m/s and 10°, and 95% of the data deviation is less than 5 m/s and

15°, which fully verifies the accuracy of the system wind field measurement results.
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Table 1 Design parameters of verification system for Doppler lidar based on triple FPI

Parameter Value Parameter Value
Wavelength /nm 532 FSR /GHz 8
Pulse energy /m] 430 FWHM /GHz 1
Frequency /Hz 30 FPI-1 and -2 38
Ermiesi Nd: YAG laser Pulse width /ns 4-8 Triple FPI peak-to-peak /GHz ’
mission
Continuum9030  Line width /MHz 90 ET70 FPI-1 and -L
system . 1.16
Beam diameter /mm 9 peak-to-peak /GHz
Divergence o5 Peak transmittance / % =>60
angle /mrad ' Caliber /mm 80
Beam expander Magnification 10 Wavelength /nm 532
Caliber /mm 300 Receiving Filter FWHM /nm 0.5
Focal 2110 system Peak transmittance / % 70
. . length /mm ) 90/103 50/50;
Cassegrain o Beam splitter T/R
| Receiving 008 30/70
. telesc .
Transceiver ~ TEESCOPE field /mrad Model R9880U-20
. . PMT detector .
optical Optical - Operating mode AD+PC
system efficiency / % ) 0. 2(edge)/
= ) Core diameter /mm
Scan range /(%) 360X 90 Fiber 0. 1(lock)
Caliber /mm 350 NA 0.11
Scanner . -
Optical Sampling rate /
60 Acquisition card ) 1000/20
efficiency /% (GHz/MHz)
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Fig. 8 Five consecutive groups of radial wind speeds in the same direction.
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Fig. 9 Radial wind speed and error in East, South, West, and North with zenith angle of 27°.
(a) Radial wind speed; (b) radial wind speed error
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Fig. 10 Comparison results of Doppler lidar verification system and radiosonde on the afternoon of May 12,2020.
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Fig. 11 Comparison results of Doppler lidar verification system and radiosonde on the night of May 18, 2020.
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(a) Horizontal wind speed difference; (b) horizontal wind direction difference
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