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Design and calibration of the Fabry-Perot etalon in
Rayleigh backscattering Doppler wind lidar
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Abstract: The Fabry-Perot etalon was the key component of a Rayleigh Doppler wind lidar. In order to accurately
determine the Doppler shift proportional to the wind velocity, the principle of Rayleigh Doppler frequency measurement was
deeply analyzed, and the optimum parameters of the etalon were determined after analyzing the detection error at the
maximum height designed. The calibration method and idea were introduced in detail. The factors making the full width at
half maximum( FWHM) of the transmission curves broadened were analyzed, the calibration accuracy of the transmission
curve affecting the velocity sensitivity and the system measuring error was also analyzed in detail. The design and
calibration were verified in experiments. The result indicated that the velocity sensitivity of etalon decreased 0.118%/(m -
s') due to the broadened FWHM of transmission curves and with the signal-to-noise ratio no less than 10, the accuracy of
the line-of-sight velocity increased 2m/s at 40km altitude height.
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Fig. 1 Doppler frequency measurement based on Rayleigh backscattered

signal
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the separation between two edge-channels of the etalon
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Table 1 Three-channel Fabry-Perot etalon parameters for Rayleigh

Doppler wind lidar based on 355nm wavelength

parameter value
wavelength 355nm
FSR 12GHz

plate flatness
etalon apertures
cavily spacing
FWHM
effective finesse
dual channel step height
locking channel step height

cavity transmission

A/100 at 633nm
2 x38mm and 1 x 19mm
12.500mm +0. 00017 mm
1.7GHz
7
5.1GHz
1.7GHz

60%
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Fig. 6 Light intensity change passing through three channels of the etal-

on after the optical alignment
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Fig.7 Calibrated parameters of the three-channel Fabry-Perot etalon
B ABA AR R A 137 o 2R il 2k FWHM FAE X BE
AL T T HOGRB0E , T I 8l SO A
S, WG IE FWHM K FEIS I THE, 75 H R
AR LA L : (1) S R BRI 18 % 3
BARRAS , HHSZ WS R R A4 FWHM A 5
FE 5 (2) AR PAT B AR A AT, SBR[
FREE I 22 6 FWHM 3 58 AR FEAR 5 (3) Brif
BRI BRA A AT R AR R 5

A HERS B 15 1 M & 2, v LI
F-P FRifl HLaf o el 26 1) o 1 R AU, gl 8 Jirm .
SRR I AT F 2 i RS iR R R B R
0.527%/(m «s™") 55 &% i By 0. 645%/(m -
s ) FHET 0.118%/(m - s7') 1 L B R A
T A 1 T D DR R SR AR A ) ) L i %5
TEAT % i FWHM 38 K fr 8, R 45 (4) X5
2010-08-11T17 :47 M 1) <, 81 A5 5 1 i B 43
L, AN 9 FRs . | EIA] DL, 40km &5 B L KA 1k
G 5 LR T 10, AR 35 22 35 iy o B )t 7 18 2
FARE(3) 2, BRI O i 22 02 2235 ) 01 32 i) o7 kR 481
AT 2 A0 R 2R G PR M ) 1 e L ) TR B ) fB1 8
2, SRS ) 72 250 B e 35 720 A P A8 1o 3 B A B3 15
2253 AR WA 10 fFrm o th BT 0L, 20km & LR, 42
]ORN B iR 22 A B 1m/s,20km DL F B 25 15 e B

0.80
075
V)
? . 0.68F design sensitivity
Z 7 0.64 N
27 060" e
2 £ 0.56
Fn 8‘5% — — ]
§ i’ 0.44 measured sensitivity
2 0.40F
0.36F
0.32

~100 260 =20 20 60 100
line-of-sight wind speed/(m-s!)
Fig. 8 The designed line-of-sight velocity sensitivity compared with the

calibrated it

107 - SNR
g 104_ . SNRZ
8 + SNR,
o 10% ]
g 2010-08-11T17:47
< 10% 4
2
< 10} ]
g : Wpahme L
§0 10% ".':‘f_::%‘%" '.i":
10-'— A A i P Sy .
10 20 30 40 S50 60 70
altitude/km

Fig.9 The signal-to-noise ratio distribution of the backscattered signal

from two edge-channels of the etalon

£
=4
[F)
el .
E
0 2010-08-11T17:47 .
% 3 4 6 8 10

error/(m-s™!)

Fig. 10 Line-of-sight velocity accuracy distribution measured along with

altitude
010 — T T
R 0.08¢ raw T=210K e
%, 0.06
2 & 0.04r raee]
o S 1 . asatenss]
E % 883 RY;;EZ
g & Luor ettt L p
ég_ooz_ -'°§~ 'Rb~l.07
£ 3 -0.04 R=1.1
2—0.06f *R=L2 ]
—0.08f R=13
153 7 0T 00 00 02 0.3
frequency/GHz
2.5 T r . . :
20t b calibration 7=210K
= 1‘5; «R=1.07
%g e *R=11
' < 1.()»:: °R=12
5 g 05t R=13 .
75
.E 2 0.0 ;A“"Ssgz ]
— 2 -0.5¢ ’ :
T
R e R X R 81
frequency/GHz

Fig. 11  Line-of-sight speed error as a function of Doppler frequency at
different backscattering ratio R,
a—line-of-sight velocity error calculated by design parameters
b—line-of-sight velocity error calculated by calibration parame-

ters
T IR AR i T A S R 7 R R, 40km e A AR 0]
HARMRIRIEY) 8m/s, 5 RGTICTHR 1] R
REEEARELIE R T 2m/s . RGTIRZE BUHT R ALALHE



288 Wt # A

2014 =3 H

P 7 i 24 R R A T R 2 i 7 AR BRI L 38 4
TSR KT i B v T i A 2k FWHM
IR B FE T B ) RIS 15 5 3 2 R B E A AR 4
FEAR i) R S 8 e A i R IR AR 5 O TR 5
Jrre A By iR 2E, A 11 frs . dr AT, Ji ) HOR
FUAHTR] s 10 A S B v 14 28 5 5 jh 2 2 AR I A
[ 3 2 A DR 22 L BB BOHE RAR 24, HiRZE R
T RARIFR, RIF 22 AL i = A — RE PR 2
IR, RGIRE RIS RGBT B rh A S AL
Ao IS ) A AR A | R MR | B RS IR R 4%
THRE S TE Z IR IR o

4 Nz

BT F-P ARUER A RGA G5 FNE S5 A B AR B
FIT C A FET B v i J2 KRR 0 3kt >R FH )
Be, HAZ DR F-P ARiE R 28 i e e A
R . ASCRE e g 1T A F-P bR S I B S
AT RO Tk 22 05 B RS I J B, AR 3l PR E o
Pt ngs 7 F-P b R it R ih &S B ik
PG AR , P Hh T3 o 3 2 A0 TR A A o e 7 e T
T T i AR AR 22 AR A . R
SEPAHES R A 1o 3% 2 XU 0 £ 3 3 R A
JE K RGN R 2, 15 T 05 3 A i 2 A HE R 22T
JR G I AR SR AR M AR G R 2 7 A R R
IrMTRI] 25 5 25 il R AL HE RS BE AR R R R AR
i) 3 P2 B

5 % X W

[1] XUW]J,SUNDS, SHUZF, et al. Wind velocity inversion algo-

[3]

[4]

(8]

[9]

[10]

[11]

[12]

rithm for triple-channel Rayleigh Doppler wind lidars[ J]. Laser
Technology, 2011, 35(4) ; 481485 (in Chinese) .
LI C, SHU Zh F, XU W ], et al. Development of molecule wind
lidar receiver based on Fabry-Perot[ J]. Laser Technology, 2011,
35(2) : 156-159 (in Chinese) .
KORB C L, GENTRY B M, LIS X, et al. Theory of the double-
edge technique for Doppler lidar wind measurement[ J]. Applied
Optics, 1998, 37(15) : 3097-3104.
FLESIA C, KORB C L. Theory of the double-edge molecular tech-
nique for Doppler lidar wind measurement[ J]. Applied Optics,
1999, 38(3) : 432440.
KORB C L, GENTRY B M, WENG C Y. The edge technique:
theory and application to the lidar measurement of atmospheric
winds[ J]. Applied Optics, 1992, 31(21) . 42024213.
KORB C L, GENTRY B M, LI S X. Edge technique Doppler li-
dar wind measurements with high vertical resolution[ J].
Optics, 1997, 36(24) : 5976-5983.
GENTRY B M, CHEN H. Tropospheric wind measurements ob-
tained with the goddard lidar observatory for winds ( GLOW) ; val-
idation and performance[ J]. Proceedings of IEEE, 2001, 4484 .
74-81.
GENTRY B M, CHEN H L. Profiling tropospheric winds with the
goddard lidar observatory for winds (GLOW) [ C]//Proceedings
of the 21st International Laser Radar Conference. Washington,
D C,USA:NASA,2002:4p.
GENTRY B M, CHEN H L, LI S X. Wind measurements with
355nm molecular Doppler lidar [ J]. Optics Letters, 2000, 25
(17): 1231-1233.
FLESIA C, KORB C L, CHRISTINA H. Double-edge molecular
measurement of lidar wind profiles at 355nm[ J]. Optics Letters,
2000, 25(19) : 1466-1468.
SHEN F H, CHA H, SUN D S, et al. Low tropospheric wind
measurement with Mie Doppler Lidar [ J].
2008, 15(4) : 204-209.
TANG L,WANG Y T, SHU Zh F, et al. Analysis of detectors
and transmission curves correction of mobile rayleigh Doppler li-
dar[J]. Chinese Physics Letters, 2010, 27(11) ;:114207.

Applied

Optical Review,



