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Design and test of laser anemometer based on
continuous wave coherence detection

Jiang Shan'?, Sun Dongsong', Han Yuli', Han Fei', Zhou Anran', Zheng Jun', Tang Lei’

(1. School of Earth and Space Science, University of Science and Technology of China, Hefei 230031, China;
2. School of Physics and Material Engineering, Hefei Normal University, Hefei 230031, China)

Abstract: In order to implement measurement of the close wind field accurate and real —time, a laser
anemometer based on CW coherence detection was designed with eye—safe band 1.55 pum. The system
optical path employed the all-fiber structure to enhance the operational stability. The telescope adopted a
coaxial transmission structure with effective aperture of 70 mm and focusing distance of 80 m. The
backscattered signals were processed by using the on—board programmable gate array chip on the A/D
capture card and spectral centroid algorithm was also designed for wind velocity estimation. The
anemometer realized high real—time and reliability. The long—term radial wind speed measurement results
proved that the laser anemometer output signal was stable with a time resolution of 1 s and the lower
limit of the wind measurement range was about 0.915 m/s. Compared with a calibrated pulsed coherent
wind lidar, the correlation coefficient of wind speed data measured by the two devices was 0.997, the

standard deviation was 0.090 m/s, and the maximum difference was 0.480 m/s.
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Fig.1 Schematic diagram of the continuous wave laser anemometer
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Tab.1 Key parameters of CW anemometer

Item Parameters Value
Wavelength/nm 1549
Laser Linewidth 7kHz@1 549 nm
Output power/W 1
Effective aperture/mm 70

Waist radius of
Telescope . 1.7
Guassian beam/cm

Focus distance/m 80
3 dB bandwidth/MHz 250
Balanced detector
Responsitivity/A « W™ 0.95
Sampling rate/MHz 250
A/D converter
Sampling precision/bit 14
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Fig.2 Normalized weight function and corresponding probe

LR U — b B AR BRI R R X N

length under different focusing distances

(ﬁK%‘fﬁ%iﬁHﬁ?ﬁJ/ﬂ‘f BT OL T, A 1) XU
{8 3 252 BRI B N K AR AR B 52, R B
ﬁkh%ﬁﬁﬁﬁmlﬂ{}}i{n T e 2
R GUYU U BE ) AR, XU B X R R
HTEL 2 RN i SR AR RS B B O R B R
A2 1y XL ) 23 1) 23 B A A L AR Al TROILJR O K

1 0k L HIL A i 47 ] A S B AR OR AR BT
DR RAE TR B HT 7 80 m &b X N AR K BE 2 Ty

10.93 m, 2% CHk[14,15] % )i , ZephIR 300
% 2 M T 0O TR AR E 100 m 3R AR TR B R
W BE 29 2 12,34 m, 76 48 ) AU I 42t o bB 300 1 [l g0
FoUE 2 e RSN, E3CHER IR 4
AR B A5 5 Ah B 7 % o N BT U B 1 2 4000 A oK
e LT T O B 7 3 R A T A 1) XUk
22 FEE4AE

Y F 3% LA T A, SO0 A RS R A
eI, RUGE A R 2 s e B KRR B R 5 i 4L
A VOGAE S 2 RURCE S5, R A R R
S04 W B 19 3% 22 A5 5 40 B fik e 4 B i A5 6 (FFT)
Z 5 X} 22 BT ACIE AR T 520 B AT B S £ A 1
W, % T B A ] PRI BE A KRB A 5 AT

& 2 A 4w 1T o0, AR A f(?)/kfﬁ’*rlil{)ﬂn
5 o s AR 2 A g XL DT
3 £50¢)
[ =" (7)
/ZS(/;)
X fNPUE IR, £ L NS EW TE LR IR

BRS¢ AR A f IR S e,

b2(

ARG g G, WOGAS O 8 BRI 2% A/D R 4R
K H o TAE B 250 MHz (9 A/D R 8 R % 45 %
SRBHE T DR UE XU A XU AR A S B R SR
HA/D REFR BB /T HFETT 5] (FPGA).G
Fr Ak BRE AR A 25 A S XS B 1024 A5 B HE AT
FFT i1 5 415 2 3% ¥ J5 % FPGA !5 & Xilinx A &
A 7Y XCTK70T . 4253 100 000 WARA T HAUS | i
A (DA TR X , (55 A PR R A 3 TR

_a
)24 points FFT

|

P 3 5 5 A 2 R

Fig.3 Flowchart of signal processing
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Fig.4 Spectrums of backscattered signals
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Fig.5 Noise spectrum of the CW anemometer
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Tab.2 Key parameters of plused coherent lidar

Item Parameters Value
Wavelength/nm 1547
Line width 4 kHz@1 547 nm
Laser Pulse energy/pJ 150
Pulse width/ns 200
Pulse repetitionfrequency/kHz 10
Telescope Effective aperture/mm 70
Balanced 3 dB bandwidth/MHz 250
Detector Responsitivity/A « W™ 0.95
A/D Sampling rate/MHz 250
Converter Sampling precision/bit 14
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Fig.6 CW laser anemometer and plused coherent wind lidar

P2 40 I A5 HHE 0 A G R B 0.997, bR i 22
0.090m/s, — B PR o KU e KA 25 1 BAE 11:51:36,
N 0.480m/s, TE 12:05:28~12:11:54 I} ] BL P, K
AR B B R 20 R e D XUER e — Bt A BT BRI

SCH TR AT AL T XA AR ORI R R i R
W AL XU DT 2 85 AN R DU R A<z gl T B 32 2 016 KU
ASCRE W B AN BN K oz 3 i 22 3 45 S IR AR BOR A
Ak BRAE LK o Je AT 0 XU B 18 AT TR AT
S LA i MBS AR J2 KR AT 00 B

N

Pulsed lidar

CW anemometer

1:40:00 12:00:00

(a) KUk
(a) Velocity

(b) 2 {H
(b) Difference
T 7 3% B2 O RGHL ORI K AR T 06 Tk D KU
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compared with data from the plused lidar
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