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Error analysis of Raman Lidar based on interference filter

ZHANG Bo-wen"? ,FAN Guang-qiang' ,ZHANG Tian-shu'
(1. Anhui Institute of Optics and Fine Mechanics, Hefei Institutes of Physical Science,Chinese Academy

of Sciences,Hefei 230031, China ;2. University of Science and Technology of China,Hefei 230026, China)

Abstract ; Pure rotational Raman Lidar is widely used for detecting vertical atmospheric temperature profiles due to its
good collimation and high spatiotemporal resolution. In this paper,the uncertainty of temperature measurement caused
by the central wavelength and bandwidth of the interference filter by designing a spectral path based on the interfer-
ence filter. The ratio method is used to simplify the calculation of leakage errors caused by insufficient suppression of
elastic scattering signals by filters. The system parameters are calibrated by means of different bandwidths, and the im-
pact of system parameters on fitting errors during temperature inversion was analyzed. The random error introduced by
the fixed angle error when inverting the temperature is analyzed. The results indicate that the error generated by the
center wavelength of the filter and the bandwidth of 0. 5Snm/0. 3nm actually selected by the system is less than 1. 2K,
and a suppression ratio greater than 6 is appropriate. The fitting error generated by the use of lower order functions can
be ignored,and the fixed angle error of the filter should be less than 0. 5°. And based on the pure rotational Raman Li-
dar equation, the simulated echo signal is simulated and the temperature profile is inverted. The error distribution of
temperature measurement is analyzed,and the total error is less than 1.2 K.
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Tab. 1 Parameters of system

Types Values

Laser pulse energy/m] 2
Repetitive frequency/Hz 2000
Diameter of telescope/mm 400
Optical efficiency 0.3

ODs of J,,, and ]high 6
Quantum efficiency 0.7
Dark count/cps 200
Time resolution/min 10
Range resolution/m 7.5




1934 ot 5 a4k 5554 %
10 10
=== Backscatter ratio
===« Lidar ratio
8 8
£ £ £
5 - I )
T 4 T 4 =
2 2 ) i
0 0
220 240 260 280 300 0 10 20 30 40 50
Temperature/K Ratio/(a.u.) Backscatter/(10"" Sr'« km™)
Ca) Frifit BEFRLL (b) J5 UM LA Ik L (o) $r S U
10 290 - 10
: 2801 %
813 3 8
i 20t
£ £ 260 * 2
= g, =
.20 g .20
24 2250 T 4
2
240
2 = 3 2
230
0 220 0
102 10 106 3 4 s 6 7 8 -05 0 0.5
SNR/(a.u.) Qla.u) Temperature Error/K
(d) FlA=EEL (e) [MIWAZ 5 Mo E S (f) MIRZE
K9 &S EARRE R
Fig. 9 Signal simulation conditions and result analysis
5 & #® - ,
N Y e BT SRL N EE'\j: pRLL 9%317#'3}(
Ao T 2l shhr SO R B TE RGBT
TR B ) s R £ ISR ZoR, T I8 A [1] Goldsmith J,Blair F,Bisson S, et al. Turn-key Raman li-

WL E 7E 20 40 1 SR B , A B R I R, Al
AR AN [ 0 it 2 #7138, DA 3 B A5 3 1) i e sl r 2
2, HEATIRLRE S, A B R G 4 i T80t
Fr SREES BN R I A SR ] L PR A0
Forp ARBT U8 Ay v B0 | R B 5 OR 0D 4
il LR T 6 AR TN RG22

SR IRAUFE B S O TR IR AT 2 19 L BR Ak
el (] LA JCEAR A (R i A T R G W
KO, e AN R bR K0S T L BE I 13 B R K
TR IR, B BRI, G E R U R, U
FREAZIEATE FEER G U BRI
ARk 1 B 2L 1 R I i 2 L R A A Tk
5, oG | AREBLERZE i F BE RN T 0. 59

BT H T RGIEYERE, B TR
RGBSR S A R R, AR R O
BN, 2 J2 RS e J5E U I 20 28 0 DN iy o
PRAR, D7 HARRY], M ER R 22 T A I i e v
M S A R I E 2 R

dar for profiling atmospheric water vapor, clouds, and
aerosols[ J]. Applied Optics,1998,37(21) :4979 -90.
Weitkamp C. Lidar: range-resolved optical remote sensing
of the atmosphere[ M ]. New York ; Springer,2005.

Sheng Peixuan,Mao Jietai, Li Jianguo, et al. Atmospheric
physics[ M ]. Beijing;: Peking University Press,2003 ;25 —
28. (in Chinese)

SR, B, B, R E AR M ] e st
JEHTR A A, 2003 :25 - 28.

Tang Jie. Research on Raman lidar for atmospheric tem-

(2]

(3]

(4]
perature and humidity profiles[ D]. Xi’an; Xi’an Univer-
sity of Technology,2012. (in Chinese)

JFEAS. R I B 2 OE R IR EFE (D] 74
B PY IR, 2012,

[5] Cooney J. Measurement of atmospheric temperature pro-

files by Raman backscatter[ J ]. Journal of Applied Mete-

orology and Climatology,1972,11(1) :108 - 112.

[6] Arshinov Y, Bobrovnikov S, Zuev V, et al. Atmospheric

temperature measurements using a pure rotational Raman

lidar[ J]. Applied Optics,1983,22(19) .2984.



ot 5 a s

No.12 2024

SRISCEE BT TR A IR 2 HOLHR B IRE T

1935

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Behrendt A, Reichardt J. Atmospheric temperature profi-
ling in the presence of clouds with a pure rotational Ra-
man lidar by use of an interference-filter-based polychro-
mator[ J]. Applied Optics,2000,39(9) ;1372 —1378.
Wang Qingmei, Zhang Yimo. Development of meteorologi-
cal lidar [ J]. Meteorological Science and Technology,
2006,34(3) :246 —249. (in Chinese)

EHH, KB RRBOLE RO A RBUR[T]. TR
Bl ,2006,34(3) :246 —249.

Ge Xianying, Chen Siying,Zhang Yinchao,et al. The ech-
elle grating monochromator’ s design of pure rotational
Raman lidar [ J ]. Spectroscopy and Spectral Analysis,
2013,33(2) :567. (in Chinese)

BOEE, RIS, 5K B, 4. alife shf e OB E kb
BBl e AT [ ] D24 5 3% 2 i, 2013,
33(2) :567.

Li Shichun, Hua Dengxin, Hu Liaolin, et al. All-fiber
spectroscope with second-order fiber Bragg grating for ro-
tational Raman lidar [ J ]. Spectroscopy Letters, 2014, 47
(3):244 -252.

Ansmann A, Arshinov Y, Bobrovnikov S M, et al. Double-
grating monochromator for a pure rotational Raman lidar
[J]. Proceedings of SPIE,1999,3583.:491 —497.

Chen Siying, Qiu Zongjia, Zhang Yinchao, et al. A pure
rotational Raman lidar using double-grating monochroma-
tor for temperature profile detection[ J]. Journal of Quan-
titative Spectroscopy and Radiative Transfer, 2011, 112
(2):304 -309.

Jia Jingyu, Yi Fan. Atmospheric temperature measure-
ments at altitudes of 5-30 km with a double-grating-based
pure rotational Raman lidar[ J]. Applied Optics,2014,53
(24) :5330 -5343.

Wang Shaolin, Su Jia,Zhao Peitao,et al. A pure rotational
Raman-lidar based on three-stage Fabry-Perot etalons for
monitoring atmospheric temperature [ J |. Acta Physica
Sinica. ,2008 ,57(6) :3941 —3947. (in Chinese)
TEDAR, 9, X U, 46, BT =2 Fabry-Perot 5 i

[15]

[19]

[20]

H sl ghfn e P HOL TR K [T ]. Y7874, 2008,
57(6) :3941 -3947.

Arshinov Y, Bobrovnikov. Use of a Fabry-Perot interferometer
to isolate pure rotational Raman spectra of diatomic mole-
cules[ J]. Applied Optics,1999,38(21) :4635 —4633.
Hauchecorne A, Keckhut P, Mariscal J F, et al. An inno-
vative rotational Raman lidar to measure the temperature
profile from the surface to 30 km altitude[ J ]. EPJ Web of
Conferences ,2016,119 ;06008.

Behrendt A ,Nakamura T,Tsuda T. Combined temperature li-
dar for measurements in the troposphere, stratosphere, and
mesosphere[ J ]. Applied Optics,2004,43(14) :2930 —2939.
Liu Yuli, Xie Chenbo,Shang Zhen, et al. Retrieval and a-
nalysis of atmospheric temperature using a rotational ra-
man lidar observation [ J ]. Spectroscopy and Spectral A-
nalysis,2016,36(6) :1978. (in Chinese)

XVEB, BRI, M52, 55 5L T 4l 5% sl i & 1% 2080t
R AR AL BE S A [T ] Ot il 5ot i,
2016,36(6) :1978.

Wang Yufeng,Fu Qiang, Zhao Meina, et al. A UV multi-
functional Raman lidar system for the observation and a-
nalysis of atmospheric temperature , humidity , aerosols and
their conveying characteristics over Xi’an[ J]. Journal of
Quantitative Spectroscopy and Radiative Transfer, 2018,
205114 - 126.

Spath F,Behrendt A, Brewer W A et al. Simultaneous ob-
servations of surface layer profiles of humidity, tempera-
ture,and wind using scanning lidar instruments[ J ]. Jour-
nal of Geophysical Research,2022,5:127.

Behrendt A, Weitkamp C. Optimizing the spectral parame-
ters of a lidar receiver for rotational Raman temperature
measurements| J |. Ratio,2000:113 - 116.

Hammann E,Behrendt A, Mounier FL, et al. Temperature
profiling of the atmospheric boundary layer with rotational
raman lidar during the HD( CP)2 observational prototype
experiment [ J ]. Atmospheric Chemistry and Physics,
2015,15(5) ;2867 —2881.



