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Observation and data processing of offshore wind field based on
UAV-borne Doppler lidar
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(1. Institute for Advanced Ocean Study, College of Information Science and Engineering, Ocean Remote Sensing
Institute, Ocean University of China, Qingdao 266100, China;

2. Laboratory for Regional Oceanography and Numerical Modeling, Pilot National Laboratory for Marine Science
and Technology, Qingdao 266237, China)

Abstract: A compact airborne coherent Doppler lidar (ACDL) was developed by Ocean University of China. The sys-
tem design, methods of motion compensation, velocity correction and wind inversion have been explained in this pa-
per. The data analyzed in this paper are based on the first domestic UAV-borne Doppler lidar experiment for offshore
wind at Hailing Island, Guangdong Province in 2016. The reliability of correction and inversion algorithms have been
proved with ground-based Doppler lidar. ACDL has been proved to be an effective tool to achieve offshore wind obser-

vation.
Key words: Doppler lidar, airborne, offshore wind, motion compensation
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Fig. 12 Wind THI diagram obtained by ACDL on 2016.12.17
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Fig. 13 Wind THI diagram obtained by ACDL on 2016.12.18
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Fig. 14 Wind THI diagram obtained by ACDL on 2016.12.19
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Fig. 15 Wind THI diagram obtained by GCDL on 2016.12.19
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Table 5 Typical offshore wind data observed by ACDL
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Fig. 16 Comparison of 10-minutes average wind profile between GCDL and ACDL

Ry it — 20 G T e 0 ()AL 80T B 8 0L 3
B K7 , I BT LR O B 38 00 D 5040 1)
R B RN 35, 3 BOIC AL B B O a8
3 km JE A AT P 5 772000 2 1Y 1 min 7KK
T K XL ) BICH | 4 )R] B ORI i B 2R AT DT E , I %
MLEBOE T I8 5 Bl FEHOG B TR 08I0 21 iy XU XU m]
A EVEREAT T 007 1817 (a) BT 7K KU A
B RFEEIN=87T 241 , Y€ REUR>K 0. 97, i 22
SD 4 0. 49 m/s, {55 % Bias } 0. 15 m/s; [€1 17(b) fF
R R B SRR N=877 4, th 8 R EL RN
0. 99, b 2= SD 9 10. 98°, 1 B4 % Bias } 6. 64°,
gt Won , E LI A, 3T R 3 km X
PN R 9 Pl 2 AR P 4~ 11 /s, XL 9 PRl AR
HE 50°~140° , HLERHOE B i85 B EE 0O B 28 0
BAHE AR OGP i, WL DN SCHE 0 A v I 22 SD %2/ 1
min P ALZEHOE T8 8 VLI X35 AR A 5 | kS, IR ) i
25 5% Bias W2 i1 AL MO B 18 28 8 I 9 ) B O 24
FIEM .

FIHHL 2 22 3 ) 330G 78 I8 75 AS [ R 55 2 9 4R
A ) DR L A e FET A5 {55 A G B T UG HA3
OB TR LI )45 e LB L Bk R RS
BE 2 A1 A e e B2k b AR TR AT L R

B KA IR A8 A . B R TP R RIE IR
VR B SE /N TR T RS R B B o
I, BOGER TR LI B A0 £ M O S e A2
oAk B g /N7 PR S X HL AR O A S
g 1 BSCHE 40 43 BT, 7T L ST 300 X6 ORI Xk, Ay 9 2301 B
J2 15 B (R LI e AR B, 5] 18 7 R 2016 4F 12 A 19
H 5 b A= a 52 WI E5 4 , Jo APLIE A2 3 &
UL, 7€ 07 - 30-07 : 40 1 1] ¥4 %5 %87 i) IE T+ 2] 1500
m e BEAL  SEBET O b  RE B E B . 3E
Ik SR FH s o Al 2 5 0 U0 Bk R AR 3 19 15 MR L %K
PEIEAT IR, v LUARAS IR S A2 19 = B AE 1250 m
FEAi o ST ] — i TRDURI 20 9 10 min -2 XUBRZE
K IR 1 TR /N B 758 Ak e S5 A A I e B Ak Al ) 3
TR B E AR AR, WA 18 (b) FiR .

4 BE

PLERZ I MHOE T Ik R T Ik oh A+ 2%
WO IRBAR, BA FORTHE | i 2S B R
R R R TR R R S SO 7R K TR A AL T A Y B 2
ZEFOCTE B R T a0te s feidot, BA
PRBR/IN ARTIAE | JC O F A ) 25 T o LB
SRR A E AT, "RBILF- 65 5 LA WL 3k 15 22



o EHUR % TR Z W O KI5 LRG0 SO R AL .

14 y=x

—y=1.08x-0.68
12 g
—y=0.98x

ACDL wind speed/(m/s)
(=)}

N=8777
4 v ° R*=0:97
5 SD=0.49nv/s
Bias=-0.15m/s
0
0 2 4 6 8 10 12 14
GCDL wind speed/(m/s)
(a)
360
R
300 H~— y=0.93x+15.19
> —y=1.02x
£ 240
2
Z 180 .
£ »
E N=877
—
g 1 R™=099
< SD=10.98°
60 Bias=6.64°
0

0 60 120 180 240 300 360
GCDL wind direction/(°)

(b)
K117 GCDL J& ACDL /K- )R B T WL 45 5 Lo
Fig. 17 Comparison of wind speed and wind direction be-
tween GCDL and ACDL

BORAE RS SE BT T AL IE . i IF R B35
o B IE SR, BB A% S I IE O TR A B E AL
A8 8) ML BBATI AR IR, SE TR 5
IR ) B R Ay S

TE R A M B S B T R N B IR B B THL
PO IA R B W I AIL 2R, O IR 5 2
TETNHLP-6 L, ST 30 m LA_E KB XU
F R, I D I 2 T o e L KUy
JZ T RE XN B R SRR E S A B T O
CRSEU R ¢/ ra R SR (D=1 S PN
DR 24 L3I 245 2R 5 i B A = 22 3 Oe 7 1
B O AR PR, Bk T R SR TAEPERE M
TE B SR A R . AT H BT 2 I A i
B MEFOLE B RLE ABHOLTF B RER S T
NHLEE AT 5 PR | R A 3h i i, B 3R
T FL L B SR Y DX SUXU W RE ), 7R AR s DX, %
GEHOL T K2 W 0 L 3 [0l A5 5 LRI W) A7
TEWLIN X, MU0 78 i [ b T AL 75

2016/12/19 07:30-07:40 MABL (ACDL)
- MABL Height

A =
e UL e

Height/km
log(SNR)/(Arub.Unit)

0
07:30 07:32 07:34 07:36 07:38 07:40
Time(BJT)
(a)
2016/12/19 07:30-07:40 Wind Profile (ACDL)

1.4 / 1.4
1.2 \ 12

1.0 1.0 )
—E 0.8 0.8 /
o)

5 0.6 0.6

: /

oL v,
T/ [

0 10 20 0 180 360
Wind speed/(m/s) Wind direction/(°)
(b) (©)

P18 MO ki T S 2 LS K XU 2
Fig. 18 Marine atmospheric boundary layer and wind profile
obtained by ACDL

3, BEAE A 30k 5 1 T /30T VA i DX 3 WL X
T e 25 DX, A I B I MG ROt T s 5
D E A5 BE B AT, A5 5 15 R LA, JE i 2 J
TR SR, AL O H R ]l A R AT R L R
[F] 737 5 Ak 19 XU A5 RN, 7 3 7 1) b A i
TN S R B R L

PLA O B 38 7 48 1 7 FH BE 6% JECRM AT ]
Gl E PR AR S SRS T BRI L X7 UL 45
BN, i GE SO B SR A
PR AL TORE B 04 I Bl | HE 2l v R B I iR
NAZERG B T AR R
TR XURE D8 R T & i = 0 o) R o S 4 s 34 L
BT Z BRI

Bt AR SC S A E R B I v T A5 2 [
FE SRR (2019YFC1408001, 2019YFC 1408
002) & R A SRS (61975191) (0 L+, B
JEHE T 5K I A AE RS 3 AT AR R S B A
X0 5 AE B O S 6 v (e Ak o TR B R
BLERH A BRA B EAr s T i B R KT
HE I o R [ T R A O T AR PR A A i
BUAEAR YR S5 v ) SR RIS B



328 g hh 5 2 oKk I e 40 &

References
[ 1] Huffaker R M, Jelalian A V, Thompson J A L. Laser—Dop-

pler system for detection trailing vortices of aircraft [J].
Proceedings of the IEEE, 1970, 58(3): 322-326.

[2] Okoshi T, Kikuchi K. Frequency stabilization of semicon-
ductor lasers for heterodyne—type optical communication
systems [I1. Electronics Letters, 1980, 16: 179-181.

[3] Courtney M, Wagner R, Lindeléw P. Commercial lidar pro-
filers for wind energy. A comparative guide [R]. Brussels:
European wind energy conference, 2008.

[4] LIU Yuan, LIU Ji-Qiao, CHEN Wei-Biao. An all-fiber
single frequency laser for eye—safe coherent doppler wind li-
dar [J]. Chinese Journal of Lasers, CXVIE, X267, R 1
Fro  NHRZE2AH T 2238 3 I XUBO'E B 8 2627 B
e . REEE) 2009, 36(7) : 1857-1860.

[5] FENG Li-Tian, GUO Hong—Qi, CHEN Yong, et al. Exper-
iment of all fiber Doppler lidar at 1.55 pwm [J]. Infrared
and Laser Engineering, (31K ZhaAH BRI, %, 1.55
wm G 2 KR B R G 5iA% . LN SEET
) 2011, 40(5):844-847.

[6] YIN Jia—Ping. Research and observation of turbine wake
and wind field of MABL by coherent Doppler wind lidar
[D]. Qingdao: Ocean University of China, (FrEd. X
PLEE i % 5 i Ry B2 K37 1) 2235 o't 7 s WL A
5Eo HPEETERY) 2015.

[7] ZHANG Hong—Wei, WU Song—Hua, YIN Jia—ping, et al.
Airport low=level wind shear observation based on short—
range CDL [J]. Journal of Infrared and Millimeter Waves
CIRUEER , SRAME T aa e, 5. R T RIBEAH T I X0
HISMHLIGIR S K Z RN . I EEREFR)
2018,37(4): 468-476.

[8] Wu S H, Zhai X C, Liu BY. Aircraft wake vortex and turbu-
lence measurement under near—ground effect using coher-
ent Doppler lidar [J]. Optics Express, 2019, 27(2): 1142-
1163.

[9] Weitkamp C. Lidar: range—resolved optical remote sensing
of the atmosphere [M]. Springer Science & Business,
2006:102.

[10] Bilbro J, Fichtl G, Fitzjarrald D, et al. Airborne Doppler

lidar wind field measurements [J]. Bulletin of the Ameri-
can Meteorological Society, 1984, 65(4): 348-359.

[11] McCaul E W, Bluestein H B, Doviak R J. Airborne Dop-
pler lidar techniques for observing severe thunderstorms
[J]. Applied optics, 1986, 25(5): 698-708.

[12] Bilbro J] W, DiMarzio C, Fitzjarrald D, et al. Airborne
Doppler lidar measurements [J]. Applied optics, 1986, 25
(21): 3952-3960.

[13] Emmitt G D, O’ Handley C, Wood S, et al. TODWL: An
airborne Doppler wind lidar for atmospheric research,
2005 [CJ]. Annual American Meteorological Society
Conf., 2nd Symp. Lidar Atmospheric Applications, 2005:
P2.3.

[14] Emmitt G D, Grecoa S, O’ Handley C, et al. The multiple
uses of the Navy's Twin Otter Doppler Wind Lidar (TOD-
WL) for atmospheric research [R]. Boulder: 18th Coher-
ent Laser Radar Conference, 2016.

[15] Durand Y, Chinal E, Endemann M, et al. ALADIN air-

borne demonstrator: a Doppler wind lidar to prepare

ESA’s ADM—Aeolus Explorer mission [J]. Proc. SPIE Op-
tics and Photonics, 2006, 6296:6291-1D.

[16] Reitebuch O, Lemmerz C, Marksteiner U, et al. Airborne
lidar observations supporting the ADM—Aeolus mission for
global wind profiling, 2012 [C]. 26th International Laser
Radar Conference, 2012: 759-762.

[17] 1i Z, Lemmerz C, Paffrath U, et al. Airborne Doppler li-
dar investigation of sea surface reflectance at a 355-nm ul-
traviolet wavelength [1]. Journal of Atmospheric and Oce-
anic Technology, 2010, 27(4): 693-704.

[18] Marksteiner U, Lemmerz C, Lux O, et al. Calibrations
and wind observations of an airborne direct—detection
wind LiDAR supporting ESA’ s Aeolus mission [J]. Re-
mote Sensing , 2018, 10(12): 2056.

[19] Inokuchi H, Tanaka H, Ando T. Development of a long
range airborne Doppler Lidar, 2010 [C]. 27th Congress of
International Council of the Aeronautical Sciences,
2010, 10(3).

[20] Inokuchi H, Furuta M, Inagaki T. High altitude turbu-
lence detection using an airborne Doppler lidar, 2014
[C]. 29th Congress of the International Council of the
Aeronautical Sciences. 2014.

[21] Gentry B, Chen H, Cervantes J, et al. Airborne testing of
the TWiLiTE direct detection Doppler lidar [C]. 16th Co-
herent Laser Radar Conference, 2011 20-24.

[22] Marksteiner U, Reitebuch O, Lemmerz C, et al. Airborne
direct—detection and coherent wind lidar measurements
over the North Atlantic in 2015 supporting ESA’ s aeolus
mission, 2018 [C]. EPJ] Web of Conferences, 2018,
176: 02011.

[23] Yorks J E, McGill M J, Scott V'S, et al. The airborne
cloud - aerosol transport system: Overview and descrip-
tion of the instrument and retrieval algorithms [1]. Journal
of Atmospheric and Oceanic Technology, 2014, 31(11) :
2482-2497.

[24] Yorks J E, McGill M J, Hlavka D L. A new high spectral
resolution lidar technique for direct retrievals of cloud and
aerosol extinction, 2014 [C]. American Geophysical
Union, Fall Meeting, 2014: A13N-01.

[25] Grund C J, Tucker S C. Optical autocovariance wind lidar
(OAWL) : A new approach to direct—detection Doppler
wind profiling, 2011 [C]. 5th Symposium on Lidar Atmo-
spheric Applications, 2011.

[26] Hardesty M, Tucker S, Baidar S, et al. Airborne tests of
an OAWL Doppler lidar: Results and potential for space
deployment, 2018 [C]. EPJ Web of Conferences, 2018,
176: 02004.

[27] CHEN Yong, ZHOU Bing-Zhi, TAN Jin, et al. Research
and application of airborne laser Doppler wind lidars [J].
Laser Technology, (BRI, IR B, 84, 55 . MlLakiok
ZHI TR AR AR R . Bk AR) 2011, 35
(6): 795-799.

[28]1 LI Zhi-Gang, SUN Ze-Zhong, ZHAO Zeng-Liang, et al.
Wind retrieval of all fiber Doppler wind lidar and experi-
mental verification [J]. Journal of Applied Optics, (2% &
WL PN X e, 45 . FLEOL AT 25 I XUROs By
KN P e S gl . KRR ) 2016, 37(5)
765-771.

[29] HU-Shen-Sen, LIU Ji-Qiao, DIAO Wei-Feng, et al.



A EPUE % AN LU WO I 1K S A 5 52

Wind profile inversion based on airborne Doppler wind li-
dar [J]. Journal of the Meteorological Sciences, (#]1H Fk,
XGRS , 506, 55 . LAk o6 XU 1k K7
. S&RE) 2016, 36(1): 96-101.

[30] ZHU Xiao—Peng, LIU Ji-Qiao, ZHANG Xin, et al. An
Airborne all Fiber Coherent Doppler Lidar for Wind Sens-
ing, 2017 [C]. Proceedings of the 4th Annual Conference
on High Resolution Earth Observation (1722, X 4k,
K, 5o MLERAECL M T RO KR AU . 45
i 155 23 AT MU 24 R AR 21 3CHR ) 2017, 461-468.

[31] Wus, Wang Q, Liu B, et al. UAV-borne coherent dop-
pler lidar for marine atmospheric boundary layer observa-
tions, 2018 [C]. EDP Sciences. 2018, 176:02012.

[32] Wu S, Wang Q, LiuJ, et al. A UAV-borne Compact Co-
herent Doppler Lidar for Marine Boundary Layer Wind Re-
mote Sensing, 2018 [ C]. Optics and Photonics for Energy
and the Environment. Optical Society of America, 2018:
ET3A. 7.

[33] Marksteiner U. Airborne wind lidar observations for the
validation of the ADM—Aeolus instrument [D]. Munich:

Technische Universitit Miinchen, 2013.

[34] LI Zhi-Gang, SUN Ze-Zhong, ZHAO Zeng-Liang, et al.
Influence analysis and calibration of laser pointing for air-
borne Doppler lidar [J]. LASER & INFRAFED, (Z=EHI,
NP B SE R MRS LIS 2016, 46(12) -
1467-1472.

[35] Li Zhi-Gang, Liu Zhi-Shen, Zhu Jin—Shan, et al. Wind
Retrieval Algorithms For The Wind Products Of The Air-
borne Coherent Doppler Lidar, 2013 [c]. Proceeding
Dragon 3, 2013.

[36] Tao Zong-Ming, Wu De—Cheng, Liu Dong, et al. Estima-
tion of aerosol backscatter coefficient error in lidar data
processing [J]. Chinese Journal of Lasers, (F5%, S 1k
WG, X7, Ao HEEOE)2011, 38(12): 1214001,

[37] WANG Dong—Xiang, SONG Xiao—Quan, FENG Chang—
Zhong, et al. Coherent Doppler lidar observation of marine
atmospheric boundry layer height in the Bohai and Yellow
sea [ J]. Acta Optica Sinica, (EAEFE, KNG, Wi,
4. FFEIR) 2015, 35: 5101001.



	引言
	1.1　光电结构
	1.2　机械结构
	2.1　扫描观测模式
	2.2　姿态校正算法
	2.3　速度校正算法
	2.4　风场反演方法


