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Fig.l Atmospheric wind speed detection principle based on dual FPI
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Fig.2 Optical path of Doppler lidar receiving system based on dual FPI
and MLM laser
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Fig.6 Contour map of the percentage of increase in wind speed error
with the matching error and radial wind speed for different

backscatter ratios

4 REMEEMHE

SCHERE NA:YAG [ R Jik oo’ 28 4F h 2 s
WOLEE R RS, L35 E Continuum /A &) Powerlite 8 050
77t R, HTEH A B2 S8 1 em ™' (30 GHz),
MY [E] I 3.5 GHz B, 8 55 4R T P9 A 25 [ R 3
T RS BOCEE AT R LA EER
0.625 mrad, 328 OGS BE . 4B R LIROE R
£ B 1) AR X, KA Il IO Wl 15 5ok
1 R ZE RS M S 2 SO R A 31 100 m K ZHBOLLF,
U 37 M 8 0.1 mrad, 2R )58 3 12 G4 G &
FC-2 #F AFHLBEA T4 o e SO FE Y AT

H 2> H A BS-0 43 1 1%, 4 FC-1 A 50 m K%
2F, R AL iy 5 UG B S5, KRG
38 3 FC-2 i A2 OHL A7 1 238 A ) B 1 38 40 7
H1 2 2% 55 [ 15 5 ot 4 01 238 2 {8 RV T 45 3042 1] XL
PRI K /N T B Al LK, O S
FERTE B gt e ABIRIRHL T O fE S @t i
B TWECH R, #E BS-1 2SR . DGR IS
HROGHL A APD-E 42U, HI T RER IR . & 5
WA BS-2 3543 UM B, 4331 TE A S 2 X FPI I P
ANEIE, 55 OE 0 B APD-1 fl APD-2 #:0t. =
A~ APD FEIU &5 (% A5 5 th 2l E R AR R oR AR, FE
I TS HLAE AT B0HE A B | F7 i DA S B0 s e R 25 5

20220762-5



st Gk T2
%78 www.irla.cn % 52 %

Mo WOGER . B RINEY CREFR . FPIER G A SR 1, BT W FPI 2K B 2% ot &
JoHil k RS232 H3 LTl i+ AL H . R FEE AR IREER A 7 s .

®1ETUFPINESAESEHHATERESH
Tab.1 Parameters of MLM Doppler lidar system based on dual FPI

Parameter Value Parameter Value
Wavelength 1064 nm Laser energy/pulse 550 mJ
Laser mode number 9 Laser mode interval 3.5GHz
Laser mode linewidth 60 MHz Laser repetition frequency 50 Hz
Beam diameter 7 mm Pulse width 7-9 ns
Beam divergence 0.5 mrad Beam expander x8
Telescope/scanner aperture 25 cm Telescope focal length 625 mm
Scan range 360°x90° Field of view 0.1 mrad
Optical efficiency >85% Zenith angle 30°
FPI free spectral range 3.5GHz FPI-1 and FPI-2 separation 0.2 GHz
FWHM of FPI-1, FPI-2 0.2 GHz Defect finesse of FPI 71
Effective reflectivity of FPI 0.836 Loss coefficient of FPI 0.2%
Actual reflectivity of FPI 0.841 Dual FPI aperture 60 mm
Fiber core diameter 62.5 pm Fiber NA 0.22
Solar filter bandwidth 0.5 nm APD quantum efficiency 18%@1 064
Filter peak transmission >60% Detector dark count 100 counts/s
BS-1, BS-2 splitting ratio (R/T) 20/80, 50/50 Multiscaler sampling rate 200 MHz

Transceiver system

e s ¥ ¥
MLM: multi-longitudinal mode : « Vv
IF: interference filter FC: 1x2 fiber coupler ‘| Scanner T 1}
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Fig.7 Structure diagram of MLM Mie Doppler lidar based on dual FPI
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Fig.8 Profile of simulated atmospheric parameters with altitude.
(a) Backscatter coefficients of atmospheric molecules and

aerosols; (b) Backscatter ratio
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Tt 7 — 3k T 2 YRHOLAR FOSUFPT 9K 15
St 2 W MROCHEIBLOAR . b TIZER B KR
JECH, S 1 T A 1) KGRI o] IO L I R 22 25X
F—RINHIE A WA AP 0 LR LA
FEAFIE, 22 PRI A5 0T 45 ORI KRS B i, 445
-5 LGN K 5E S AR [R5 3R DU BC R 22K 5 e KUk
PR 22K, (H R BRI IT BE R 22 4 /E 10 MHz

20220762-7



ISk A2

www.irla.cn

E

AT, DB E 5 2 368 IR 0 45 2 P 52 R )t/ T 5%, T
X— GARE Gyl RGOk S . X T
ZEAR M 28 SO TR X RGER R EREHEAT T 05
H, AR R T R G4 KA 2 AT 8w i K
5 1) BT FE RIS B o X SEZ58 SE B 1 %4
ARB#ATTE.

S 3k

[1] Diao Weifeng, Liu Jigiao, Zhu Xiaopeng, et al. Study of all-fiber
coherent Doppler lidar wind profile nonlinear least square
retrieval method and validation experiment [J]. Chinese Journal
of Lasers, 2015, 42(9): 0914003. (in Chinese)

[2] Zhang Hongwei, Wang Qichao, Wu Songhua. Low-level wind
shear observation at Beijing capital international airport based on
coherent Doppler lidar [J]. J Atmosph Environ Opt, 2018, 13(1):
34-41. (in Chinese)

[31 Zhou Anran, Han Yuli, Sun Dongsong, et al. Analyzing and
testing of performances of high optical efficiency CDL in wind
sensing [J]. Infrared and Laser Engineering, 2019, 48(11):
1105006. (in Chinese)

[4] Feng Litian, Zhou Jie, Fan Qi, et al. Three-dimensional lidar for
wind shear detection and early warning in civil aviation airport
[J]. Acta Photonica Sinica, 2019, 48(5): 0512001. (in Chinese)

[51 Souprayen C, Garnier A, Hertzog A, et al. Rayleigh-Mie
Doppler wind lidar for atmospheric measurements. I. Instru-
mental setup, validation and first climatological results [J]. Appl
Opt, 1999, 38(12): 2410-2421.

[6] Gentry B, Chen H, Li S X. Wind measurements with 355-nm
molecular Doppler lidar [J]. Opt Lett, 2000, 25(17): 1231-1233.

[77 Liu Z S, Liu B'Y, Wu S H, et al. High spatial and temporal
resolution mobile incoherent Doppler lidar for sea surface wind
measurements [J]. Opt Lett, 2008, 33(13): 1485-1487.

[8] Shen F H, Cha H, Sun D S, et al. Low tropospheric wind
measurement with Mie Doppler lidar [J]. Opt Rev, 2008, 15(4):
204-209.

[91 Wang L, Gao F, Wang J, et al. Vertical wind profiling with
fiber-Mach-Zehnder-interferometer-based incoherent Doppler
lidar [J]. Opt Laser Eng, 2019, 121: 61-65.

[10] Yan Zhaoai, Hu Xiong, Guo Wenjie, et al. Near space Doppler

lidar techniques and applications [J]. Infrared and Laser

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

20220762-8

Engineering, 2021, 50(3): 20210100. (in Chinese)

Chu Jiaqi, Han Yuli, Sun Dongsong, et al. Small scale optical
receiver of spaceborne Doppler wind lidar [J]. Infrared and
Laser Engineering, 2022, 51(9): 20210831. (in Chinese)

Liu Xing, Gong Mali. Performance validation for wind
measurement with multi-longitudinal mode double-edge
detection [J]. Optical Technique, 2008, 34(1): 48-51, 54. (in
Chinese)

Bruneau D, Blouzon F, Spatazza J, et al. Direct-detection wind
lidar operating with a multimode laser [J]. Appl Opt, 2013,
52(20): 4941-4949.

Ristori P, Otero L, Jin Y, et al. Development of a high spectral
resolution lidar using a multi-mode laser and a tunable
interferometer[C]/Proc of 27th International Laser Radar
Conference, July 5-10, New York City, USA. 2016: 06005.
Jin'Y, Sugimoto N, Ristori P, et al. Measurement method of high
spectral resolution lidar with a multimode laser and a scanning
Mach-Zehnder interferometer [J]. Appl Opt, 2017, 56(21): 5990-
5995.

Gao Fei, Nan Hengshuai, Huang Bo, et al. Technical realization
and system simulation of ultraviolet multi-mode high-spectral-
resolution lidar for measuring atmospheric aerosols [J]. Acta
Physica Sinica, 2018, 67(3): 030701. (in Chinese)

Gao F, Nan H, Zhang R, et al. Quasi-monochro- matic of laser
echo signals on transmittance of Mach-Zehnder interferometer
for UV multi- longitudinal-mode high-spectral- resolution lidar
[J]. J Quant Spectrosc Radiat Transfer, 2019, 234: 10-19.
Cheng Zhongtao, Liu Dong, Liu Chong, et al. Multi-
longitudinal-mode high-spectral-resolution lidar [J]. Acta Optica
Sinica, 2017, 37(4): 0401001. (in Chinese)

Cheng Z, Liu D, Zhang Y, et al. Generalized high-spectral-
resolution lidar technique with a multimode laser for aerosol
remote sensing [J]. Opt Express, 2017, 25(2): 979-993.

Shen Fahua, Li Xuekang, Zhu Jiangyue, et al. Multi-longitudinal
mode temperature lidar technology based on two-stage Fabry-
Perot interferometer [J]. Infrared and Laser Engineering, 2023,
52(5): 20220573. (in Chinese)

Wang B'Y, Liu D, Pan S Q, et al. Experimental demonstration of
spectral suppression effect improvement for multi-longitudinal

mode high-spectral-resolution lidar [J]. Opt Express, 2022,
30(26): 46798-46810.


https://doi.org/10.3788/CJL201542.0914003
https://doi.org/10.3788/CJL201542.0914003
https://doi.org/10.3788/IRLA201948.1105006
https://doi.org/10.3788/gzxb20194805.0512001
https://doi.org/10.1364/AO.38.002410
https://doi.org/10.1364/AO.38.002410
https://doi.org/10.1364/OL.25.001231
https://doi.org/10.1364/OL.33.001485
https://doi.org/10.1007/s10043-008-0032-x
https://doi.org/10.1016/j.optlaseng.2019.03.020
https://doi.org/10.3788/IRLA20210100
https://doi.org/10.3788/IRLA20210100
https://doi.org/10.3788/IRLA20210831
https://doi.org/10.3788/IRLA20210831
https://doi.org/10.1364/AO.52.004941
https://doi.org/10.1364/AO.56.005990
https://doi.org/10.7498/aps.67.20172036
https://doi.org/10.7498/aps.67.20172036
https://doi.org/10.1016/j.jqsrt.2019.05.021
https://doi.org/10.3788/AOS201737.0401001
https://doi.org/10.3788/AOS201737.0401001
https://doi.org/10.1364/OE.25.000979
https://doi.org/10.3788/IRLA20220573
https://doi.org/10.1364/OE.475045

s Gk A2

% 7 www.irla.cn % 52 %

Multi-longitudinal-mode Mie scattering Doppler lidar technology based

on dual Fabry-Perot interferometer

Shen Fahua'?, Xu Jingyuan'?, Fan Andong'?, Xie Chenbo’, Wang Bangxin’,
Yang Liangliang'?, Zhou Hui'?, Xu Hua'?

(1. Jiangsu Province Intelligent Optoelectronic Devices and Measurement-Control Engineering Research Center, Department of Physics and
Electronic Engineering, Yancheng Teachers University, Yancheng 224002, China;
2. Jiangsu Province Atmospheric Detection Lidar Technology Civil-Military
Integration Innovation Platform, Yancheng 224007, China;
3. Key Laboratory of Atmospheric Optics, Anhui Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Hefei 230031, China)

Abstract:

Objective  Doppler lidar is one of the most powerful tools for the remote sensing of the three-dimensional wind
field in the atmosphere at present. It is widely used in wind power generation, weather forecast, aviation safety,
atmospheric science research and other fields. The traditional coherent detection or direct detection Doppler lidar
requires a single-longitudinal-mode laser source with narrow linewidth, resulting in the shortcomings of the
existing Doppler lidar system such as high cost, poor environmental adaptability, low laser energy utilization,
which seriously restricts their industrialization and the airborne and spaceborne applications. Therefore, it is of
great significance and scientific value to explore and study the technology of multi-longitudinal-mode (MLM)
Doppler lidar using MLM laser as the emission source. For this purpose, the MLM Mie Doppler lidar technology
based on dual Fabry-Perot interferometer (FPI) is proposed and studied.

Methods The detection principle of MLM Mie Doppler lidar based on dual FPI is analyzed (Fig.1). The
theoretical formulas of radial wind speed and backscatter ratio measurement errors are derived, and the matching
relationship between the longitudinal mode interval of the MLM laser source and the free spectral spacing of the
dual FPI is analyzed, as well as the wind speed measurement error caused by the mismatch between the two. The
lidar system structure (Fig.7) and parameters (Tab.1) are designed, and the detection performance of the designed

lidar system is simulated using the 1976 USA atmospheric model and simulated cumulus clouds.

Results and Discussions The frequency matching condition between the longitudinal mode interval of the
MLM laser source and the free spectral spacing of the dual FPI is that the former is an integral multiple of the
latter. When the frequency matching condition is satisfied, the MLM wind measurement is equivalent to the
superposition of each single-longitudinal-mode (SLM) wind measurement. In the low wind speed region, the
percentage of the wind speed measurement error £, caused by the frequency matching error increases rapidly with
the increase of the matching error; When the frequency matching error remains unchanged, £ decreases slowly
with the increase of wind speed; When the frequency matching error is less than 10 MHz, E, will be less than 5%
(Fig.6). The simulation results of lidar detection performance show that, in the range of 0-10 km altitude and
0-50 m/s radial wind speed, when the range resolution is 30 m, the time resolution is 30 s and the zenith angle of
laser emission is 30°, the radial wind speed measurement accuracy of the lidar system is better than 1.50 m/s and
1.02 m/s in daytime and nighttime respectively; Under cloudless conditions, the relative measurement accuracy of

the backscatter ratio in daytime and nighttime is better than 6.57% and 4.53%, respectively (Fig.9).

20220762-9



b Sk A2
%718 www.irla.cn % 52 %

Conclusions A Mie Doppler lidar technology based on multimode laser and dual FPI is proposed and studied.
This technology requires that the longitudinal mode interval of the laser source should match the free spectral
spacing of the dual FPI, and the center frequency of each longitudinal mode should be locked near the intersection
of the dual FPI periodic spectrum curves. When the frequency matching condition is satisfied, the MLM wind
measurement is equivalent to the superposition of each SLM wind measurement. The frequency matching error
will increase the wind speed measurement error, but as long as the frequency matching error is controlled below
10 MHz, the impact of the matching error on the wind speed measurement accuracy is less than 5%, which can be
easily achieved through system calibration. The simulation results show that the Doppler lidar system based on
this technology has high detection accuracy of wind speed and backscatter ratio in all weather. These conclusions

fully demonstrate the feasibility of this technology.

Key words: lidar;  atmospheric wind;  multi-mode pulse laser;  Fabry-Perot interferometer;
Mie scattering
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