% 50 %% 9 3 NGt TR 2021 % 9 A
Vol.50 No.9 Infrared and Laser Engineering Sep. 2021

INABARRREEFRMNPREHALETENRITENE
Bk, B RS B AR, R

(. PEHFHRKS i rmALER, L4 51 230026;
2. PEAFRIAIT MR E L LRET, KM A 230026;
3. HHE R B RF I F UM B R 3E, 2o E M 233527,
4. [IBERE AR, BH B% 710024)

?ﬁﬁ E, AMAFTEHSCEZmEZHEETEG RIRN gk, ARSZEZHE LT LG IR 4y
Ao B, X T O KA 3548 nm a9 ZHOEF X A4, 7 T 354.8 nm Ao 532 nm kR IR
X‘HJ-X/%EJL RIRM ARG Fra, TR T 2R hiks Mlbid 14 KR AR LT XS
WA B BRARLE S, BT RAAGEBMAT A, KT @RI ey e, AR DRERHZ
JE AR, :Vuz;‘ti/\#fmﬂﬂ hin Tl TR AR G ERAL, SEat 2 RGN RRIAT T 45
A Ay A2 Pt st 23R 200 mJ, $7% 50 Hz, #2458 18] 20 min, $2 5 295 & 105 m. WAL A E W
ZHRTEARGLEH BBBAOFELT, G REMNGRERHALFEL3IS0m AT AT 1K, aXEN
KA A it iR £ 4 2400 m VAT, T 0.001 g/kg., 5 AR AN, & RIEMGHEFH T —7
RENRSG.
KR MO EFX;, BEIHES; KAESE; REEEN
FESES: TN958.98 XRkFRERS: A DOI: 10.3788/IRLA20200410

Design and simulation of Raman lidar with small field of view for

atmospheric temperature and humidity detection

1,23 1,23

Xu Bingging"**, Han Yan®*, Xu Wenjing'**, Zheng Jun'*?, Sun Dongsong'**

(1. School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China;
2. Chinese Academy of Sciences Key Laboratory of Geospace Environment, Hefei 230026, China;
3. Anhui Mengcheng Geophysics National Observation and Research Station, Bozhou 233527, China;
4. Northwest Institute of Nuclear Technology of China, Xi’an 710024, China)

Abstract: The solar background radiation seriously affects the detection performance of Raman lidar during
daytime. In order to improve the detection height and accuracy of Raman lidar during daytime, a Raman lidar
system with laser wavelength of 354.8 nm was designed. The influence of 354.8 nm and 532 nm laser sources on
the detection performance of Raman lidar was discussed. The optical path design of the system was completed.
The combination of photoswitch and monostatic telescope reduced the receiving field of view angle and
optimized daytime detection performance. The photoswitch was composed of polarization splitting prism and 1/4
wave plate. With the minimum statistical temperature uncertainty as the standard, the parameters of rotational

Raman channel interference filter were selected through simulation analysis. And the detection performance of the
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system was simulated. During simulation, the laser energy was 200 mJ, the frequency was 50 Hz, the integration

time was 20 min, and the range resolution was 105 m. Under the condition of depolarization, the statistical

temperature uncertainty of the monostatic Raman lidar system less than 1 K was obtained up to 3 180 m height in

the daytime. The statistical error of water vapor mixing ratio was less than 0.001 g/kg up to 2400 m height during

daytime. The simulation results show that the performance of daytime detection has been improved to some

extent.
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Tab.2 Key parameters of Raman lidar system

Device Parameter Value
Wavelength/nm 354.8

Repetition rate/Hz 50

Laser

Pulse energy/mJ 200

Divergence angle/mrad <0.5

Beam expander Beam-expansion factor 10
Diameter/mm 400

Telescope

Field of view/mrad 0.05
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Fig.5 Statistical temperature uncertainty versus filter center wavelength for different filter bandwidth in the daytime. (a) AA1=AA2=0.1 nm;
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Fig.6 Statistical temperature uncertainty versus filter center wavelengths. (a), (b) Contour map of the variation of the statistical temperature uncertainty
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Tab.4 Parameters of interference filter

IFO IFla/IF1b  IF2 IF3 1F4

Center wavelength/nm 355 354.15 353.3  407.7 386.8
Band width/nm 8.5 0.3 0.5 0.3 0.5

Peak transmission 0.56 0.59 0.52 0.75 0.7
Optical density 5 3 6 7 7

Height/km

1E-4 0.001 0.01

Aw/g-kg™

8 (a) IWEATHELE; (b) HRIEMK IR & LS HR 2

Fig.8 (a) Statistical temperature uncertainty; (b) Statistical error of water vapor mixing ratio in the daytime

10
—— Monostatic,nighttime @)
g L — Monostatic,daytime
— Daytime
E o6
=
=
.20
£ 4
2
0
0.01 0.1
AT/k
3 5

SCHR A 4T IR T B A B 2O A R AR

TR E . BT 532 nm A1 354.8 nm VE R F7 2 5O
TR HIEOECIR I, R RN M TR B R B PR RE .
TR FERIN H, 532 nm 72 350G TE I8 A0 1RSI S T

20200410-8



s Gk A2

%94

www.irla.cn

% 50 A

1E2 000 m LA F/NF 1K, 354.8 nm $i 2 OG5 A1 IR
JEARHE A 4160 m LLF/NF 1 Ko 354.8 nm 947
2OL TR IR ORI I BE P AR T 532 nm, (Kt
WEHE 354.8 nm AE N T REEMBOLLIE . S 74
il T 50O, $2 5 E R A PR RE, fER K T Rk B
WOR A B B LA RGO . R
AR TR #7400 . DR/ NI IR B AN
FE AR, 3 0 LA TR E T e R B i A 2
I TR R B 98 . PO B DL E TR . R
FRERM TR A B WEEE, BT LT R R
IR, 7E 2 TR I AR 0T, 1 R R A I B AN
JEPETE 3180 m LU F/NF 1K, FIRBEMAKIRIRA L)
ST iR ZETE 2400 m LA R/ T 0.001 g/kg. Sk 5
ERGML, X BARE A BN 2SHOLEIARSR
EPRALbL A CEINE i

S 3k

[11 Shang Zhen, Xie Chenbo, Wang Bangxin, et al. Pure rotational
Raman lidar measurements of atmospheric temperature near
ground in Beijing [J]. Infrared and Laser Engineering, 2017,
46(10): 1030001. (in Chinese)

[2] Liu Yang, Zhang Tianshu, Zhao Xuesong, et al. Optical design
and analysis of laser Radar spectrometer with high accuracy [J].
Optics and Precision Engineering, 2018, 26(8): 74-79. (in
Chinese)

[31 Radlach M, Behrendt A, Wulfmeyer V. Scanning rotational
Raman lidar at 355 nm for the measurement of tropospheric
temperature fields [J]. Atmospheric Chemistry & Physics, 2008,
8(2): 7569-7602.

[4] Hammann E, Behrendt A, Le Mounier F, et al. Temperature
profiling of the atmospheric boundary layer with rotational
Raman lidar during the HD(CP)’ Observational Prototype
Experiment [J]. Atmospheric Chemistry and Physics, 2015,
15(5): 2867-2881.

[51 Behrendt A, Nakamura T, Onishi M, et al. Combined Raman
lidar for the measurement of atmospheric temperature, water
vapor, particle extinction coefficient, and particle backscatter
coefficient [J]. Applied Optics, 2002, 41(36): 7657-7666.

[6] Balin I, Simultaneous

Serikov I, Bobrovnikov S, et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

20200410-9

measurement of atmospheric temperature, humidity, and aerosol

extinction and backscatter coefficients by a combined
vibrational-pure-rotational Raman lidar [J]. Applied Physics B:
Lasers and Optics, 2004, 79(6): 775-782.

Behrendt A, Wulfmeyer V, Hammann E, et al. Profiles of
second- to fourth-order moments of turbulent temperature
fluctuations in the convective boundary layer: first
measurements with rotational Raman lidar [J]. Atmospheric
Chemistry and Physics, 2015, 15(10): 5485-5500.

Wang Yufeng, Gao Fei, Zhu Chengxuan, et al. Raman lidar for
atmospheric temperature, humidity and aerosols up to
troposphere height [J]. Acta Optica Sinica, 2015, 35(3):
0328004. (in Chinese)

Tan Min, Wang Bangxin, Zhuang Peng, et al. Study on
atmospheric temperature and water-vapor mixing ratio based on
Raman lidar [J]. Spectroscopy and Spectral Analysis, 2020,
40(5): 1397-1401. (in Chinese)

Cooney J. Measurement of Atmospheric Temperature Profiles
by Raman Backscatter [J]. Journal of Applied Meteorology,
1972, 11(1): 108-112.

Weitkamp C. Lidar: Range-Resolved Optical Remote Sensing of
the Atmosphere[M]. Berlin: Springer, 2015.

Weng M, YiF, Liu F, et al. Single-line-extracted pure rotational
Raman lidar to measure atmospheric temperature and aerosol
profiles [J]. Optics Express, 2018, 26(21): 27555-27571.

Shang Zhen, Xie Chenbo, Zhong Zhiqing, et al. Raman lidar for
measurement of tropospheric water vapor [J]. Infrared and
Laser Engineering, 2016, 45(12): 1211003. (in Chinese)
Whiteman D N, Melfi S H, Ferrare R A. Raman lidar system for
the measurement of water vapor and aerosols in the Earth's
atmosphere [J]. Applied Optics, 1992, 31(16): 3068-3082.
National Aeronautics and Space Administration. U. S. Standard
Atmosphere, NASA-TM-X-74335[R]. Washington, D. C., US:
Government Printing Office, 1976.

Li Yajuan, Song Shalei, Li Faquan, et al. High-precision
measurements of lower atmospheric temperature based on pure
rotational Raman lidar [J]. Chinese Journal of Geophysics,
2015, 58(7): 2294-2305. (in Chinese)

Penney C M, Lapp M. Raman-scattering cross sections for water
vapor [J]. Journal of the Optical Society of America, 1976,

66(5): 422-425.


https://doi.org/1030001
https://doi.org/10.5194/acp-15-2867-2015
https://doi.org/10.1364/AO.41.007657
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/0328004
https://doi.org/10.1175/1520-0450(1972)011&lt;0108:MOATPB&gt;2.0.CO;2
https://doi.org/10.1364/OE.26.027555
https://doi.org/1211003
https://doi.org/1211003
https://doi.org/10.1364/AO.31.003068
https://doi.org/10.1364/JOSA.66.000422
https://doi.org/1030001
https://doi.org/10.5194/acp-15-2867-2015
https://doi.org/10.1364/AO.41.007657
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/0328004
https://doi.org/10.1175/1520-0450(1972)011&lt;0108:MOATPB&gt;2.0.CO;2
https://doi.org/10.1364/OE.26.027555
https://doi.org/1211003
https://doi.org/1211003
https://doi.org/10.1364/AO.31.003068
https://doi.org/10.1364/JOSA.66.000422
https://doi.org/1030001
https://doi.org/10.5194/acp-15-2867-2015
https://doi.org/10.1364/AO.41.007657
https://doi.org/1030001
https://doi.org/10.5194/acp-15-2867-2015
https://doi.org/10.1364/AO.41.007657
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/0328004
https://doi.org/10.1175/1520-0450(1972)011&lt;0108:MOATPB&gt;2.0.CO;2
https://doi.org/10.1364/OE.26.027555
https://doi.org/1211003
https://doi.org/1211003
https://doi.org/10.1364/AO.31.003068
https://doi.org/10.1364/JOSA.66.000422
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.1007/s00340-004-1631-2
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/10.5194/acp-15-5485-2015
https://doi.org/0328004
https://doi.org/10.1175/1520-0450(1972)011&lt;0108:MOATPB&gt;2.0.CO;2
https://doi.org/10.1364/OE.26.027555
https://doi.org/1211003
https://doi.org/1211003
https://doi.org/10.1364/AO.31.003068
https://doi.org/10.1364/JOSA.66.000422

	0 引　言
	1 原　理
	1.1 纯转动拉曼温度探测原理
	1.2 振动拉曼湿度探测原理

	2 系统设计与性能仿真
	2.1 波长选取
	2.2 光路设计
	2.3 干涉滤光片参数优化
	2.4 系统性能仿真

	3 结　论

