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Abstract: Based on the distance weight function of laser pulse, the velocity estimation method of
turbulent wind field was studied, which can solve the problem of fining wind speed measurement with
Doppler information to detection clear air turbulence. The spatial averaging of the velocity values was
taken as a unit of the distance gate. The localized estimations of the wind speed were obtained by
convolving the distance unit velocity and the laser pulse distance weight function. Considering the
transmission characteristics of the Gaussian laser pulse in the turbulent wind field, which included the
effective spatial broadening of the laser pulse to realize the measurement of the turbulence velocity and
the application of the lidar in the detection of turbulence. According to the direct speed estimation method

and the fast linear average approximation method, the transmission characteristic of the laser pulse was
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introduced to express the statistical mean value of the radial wind speed of the turbulence. The results

show that in the wind field with obvious turbulence conditions, while the high precision pulse distance

weighting method has a relatively small velocity standard deviation under the premise of preserving the

real wind field attribute. It shows good performance in wind speed correction, improves the measuring

performance of lidar on turbulent wind field.
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Tab.1 Main parameters of pulsed coherent Doppler

wind lidar system

Parameter Value
Wavelength/nm 1550
Sampling interval/ns 2.5
Laser pulse width/ns 200
Pulse repetition frequency/kHz 10
Accumulated pulse number 5000
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Fig.1 Normalized range weighting function for a Gaussian pulse
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Fig.2 Diagram of lidar measurement
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Fig.5 Comparison of spatial average of radial wind velocity
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Fig.6 Spatial average results of lidar radial velocity
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Tab.2 Performance of two algorithms

Average velocity Standard
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No. B -
/m-s™  /m-s”!
Viin Vet Viin Vet
1 13.67 -1.72 5.90 5.81 3.21 3.16
2 9.53 -3.24 4.18 4.02 2.94 2.78
3 10.84 -2.36 3.81 3.85 2.90 2.73
4 8.21 -5.13 1.79 1.71 3.04 2.91
5 11.56 -0.57 4.72 4.67 2.62 2.51
6 9.85 -3.74 3.26 3.15 2.33 2.17

FLA Vi S22 U AR AT AT 250 RGH B 2k b 1
B KB JEAA, Vi S B/ BEH o 7R 6 Ui I B
Vo PIBRE 228 /N T v, UL B v 7305 60 1 359 38 B 119
AT ARL 5 SR AR L A P It R B R A g KRR
Hb A BRI JR TR AR AE o 43 AT D R O Bk e <
JSE R - 19 A P Aok A R L I 1) 1S ] g 6 A2 B K o
fERYSE W, A8 RGEAG T2 B o i X 25 B AT
o R A X i R RS AR o 5 — T, RS B
() PPL 479 4 75 A 3R A5 58 22 R 00 A 7 0 Y ) Bf 6 2%
TR BCAS A P B A A R AR R R RE IR 14 15 T
T, SR F 3 07 2 TS AR X bk oA R P 2
TN HFTERIE IR T — o B W TS
T A B0 SRy S 3R O 2 AT A LSS KU A O
DL T 080 7 (R I I 85 1T 30 B AN 9 5 5 AR U T4 Y
T4 T 42 1R i I T B A U

BT A IR ) o A B 0y AR 1) o AR
BB T KGR AFE A RRUE M, TS BOKR I i K\ 5
S 857 35 o XU IR P A g 2, 6 3 XU R ) i O
o b sl R B R R ) TR I, S B T IR AR I AR
Tia] 3 3 B 2 PR K o BE B AR o BSOS X T 3
S B IEJE B TR AT L — 2 R R 22, R
ik b ST A X R AV T DA 4 5 e A B R A

5% it

PO TR IS I SO K R 1 2 R i G B E Y
BT o SCH X IS S BEAT T ML B O 1 (H
bt 3 A 1 Bk i AT R R v T R R A e R
oK 3K i AR 1) KO RGeS ME, PR T — P

1106001-6



bk T2

% 11

www.irla.cn

# 47 %

Tk ok RO S ()P B A DT RS RS
LA AT LA TE D7 IR AT TR LG, TSP 4 R A B
ME 22 SV 32 R 5 B BIL A 1 ) A 5% 2R ORI s o
ZERMRFILMERE . LI AT R R, WAL AE 5 K
ROPJE G AR A A SRR, A
J3E 2% ] - 2 [ JeS A A AR A o G R R T bk e A R R
SO S AN B 1 AR AR v 22 S /0N AT LA K AR I S i U
14 XL Hh 2 58 4 JRg 114 3 B2 9B 2l AT A A 1 XLk )
S5, e S S i R I AP AR ORI D Bl Rk 1R
PEIERY o 52560 45 18 X 73 A i il o B A X g is s AR A
ARG 0 P i U ) A A T PR B R AT R AT K
A% S T SRR, A

S 3k

[1] Hu Xinyan. Detection clear air turbulence with lidar and data
processing using EMD [D]. Qingdao: Ocean University of
China, 2004. (in Chinese)

WB . 23 g O OL H A I & EMD B b B (D]
By P RO AE, 2004,

[2] Wang Bangxin, Shen Fahua, Sun Dongsong, et al. Beam
scanning and wind field measurement of direct-detection
Doppler lidar [J]. Infrared and Laser Engineering, 2007, 36
(1): 69-72. (in Chinese)

IR, TRk, SNARAR, AL BRI 23 # O Ik ot
FOE AR I (D). 20505 306 TR, 2007, 36(1): 69-72.

[3] Wang C, Xia H, Shangguan M, et al. 1.5 wm polarization
coherent lidar incorporating time-division multiplexing [J].
Optics Express, 2017, 25(17): 20663-20674.

[4] Mycek P, Gaurier B, Germain G, et al. Experimental study
of the turbulence intensity effects on marine current turbines
behaviour. Part I: One single turbine[J]. Renewable Energy,
2014, 66: 729-746.

[5] Liu Jianhua, Jiang Nan, Wang Zhendong, et al. Multi-scale
coherent structures in turbulent boundary layer detected by
locally averaged velocity structure functions [J]. Applied
Mathematics and Mechanics, 2005, 26(4): 456—-464. (in
Chinese)

XA, A, EARAR, GE. TR T T 45 R 4 A e RO DN
it L 01 5 2 22 ROBE A T 454 131, B ReE Mg 2, 2005,
26(4): 456—-464.

[6] Frehlich R G, Yadlowsky M J. Performance of mean-

frequency estimators for Doppler radar and lidar [J]. Journal

of Atmospheric and Oceanic Technology, 1994, 11 (5):

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1106001-7

1217-1230.
Frehlich R G, Yadlowsky M J. Performance of mean-
frequency estimators for Doppler radar and lidar [J]. Journal
of Atmospheric and Oceanic Technology, 1994, 11(5): 1217—
1230.
Zhang Wentao, Zhu Baohua. Reseach on the laser beam
through turbulence atmosphere channel [J]. Journal of
University of Electronic Science and Technology of China,
2007, 36(4): 784—-787. (in Chinese)
g SO, R AR R AU T O F S 1E R R BE 5
[J]. 8 FRhE R 24, 2007, 36(4): 784-787.
Yang Ruike, Liu Qi, Ma Chunlin. Analysis of the influence
of atmospheric turbulence on lidar direct detection [J].
Infrared and Laser Engineering, 2008, 37(5): 137-140. (in
Chinese)
o B Bk, XU R, B AR AR I T R 2R O Tk
REFZ W 3 M [J]. £040 530 TR, 2008, 37(5): 137-140.
Wong C C, Chan P W, Akaeda K, et al. Calculation of
turbulence intensity based on spectrum width data of a
Doppler Lidar [C]//Fourth Symposium on Lidar Atmospheric
Applications, 2009.
Hon K K, Chan P W. Application of Lidar—derived eddy
dissipation rate profiles in low-level wind shear and
turbulence alerts at Hong Kong International Airport [J].
Meteorological Applications, 2014, 21(1): 74-85.
Wu S, Yin J, Li R, et al. Observations and analysis of
turbulent wake of wind turbine by coherent Doppler lidar[C]//
EPJ Web of Conferences. EDP Sciences, 2016, 119: 14007.
Diao W, Zhang X, Liu J, et al. All fiber pulsed coherent
lidar development for wind profiles measurements in
boundary layers [J]. Chinese Optics Letters, 2014, 12 (7):
072801.
Wang Guocheng, Sun Dongsong, Duan Lianfei, et al.
Analysis of factors affecting the data accuracy of Doppler
wind lidar [J]. Acta Optical Sinica, 2015, 35 (9): 0901003.
(in Chinese)
FOE R, PhAR RS, BOE K, . 2 B KEOL ik X 8
R R AT [J]. sk 4, 2015, 35(9): 0901003,
Frehlich R. Coherent Doppler lidar signal covariance
including wind shear and wind turbulence[J]. Applied Optics,
1994, 33(27): 6472-6481.
Shelekhova E A, Shelekhov A P. Numerical model of radial
wind velocity in case of Gaussian approximation of range
[C]//17th  Coherent Laser Radar

weighting  function



% 11

bk T2

www.irla.cn

# 47 %

[17]

(18]

[19]

Conference. Barcelona, Spain, 2013: 17-20.

Frehlich R, Hannon S M, Henderson S W. Coherent Doppler
lidar measurements of wind field statistics [J]. Boundary-
Layer Meteorology, 1998, 86(2): 233-256.

Shelekhova E A, Shelekhov A P. Statistics of a coherent
lidar signal in a turbulent atmosphere [J]. Optics and
Spectroscopy, 2013, 114(2): 314-319.

Wang Jigiang, Zhang Chunxi, Ma Zongfeng, et al. Cramer-
bounds of parameter estimation from laser

Rao lower

Doppler velocimetry[J]. Chin J Lasers, 2008, 35(9): 1419-

1106001-8

[20]

1422. (in Chinese)

Ealsik, KA, DO, AF. WOL 25 I S B I
Cramer—Rao T KR[J]. #[H i, 2008, 35(9): 1419-1422.

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]. Chin J
Lasers, 2015, 42(9): 0914003. (in Chinese)

W, VAR, P, . AR T 2 0% MO ik
AR R ME B/ TR MUEE Sy MR F ST ] O,
2015, 42(9): 0914003.



