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Research progress and application of the coherent wind lidar
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Abstract The coherent wind lidar adopts a heterodyne detection method, the backscatter signal is amplified by the local
oscillation laser, which the signal to noise ratio can reach the quantum limit theoretically, and has the characteristics of high
space-time resolution and high precision. Coherent wind lidar is widely used to measure wind shear, atmospheric turbulence,
aircraft wake, gust and gravity wave. At present, research institutes at home and abroad have carried out research work on
coherent wind lidar. This paper introduces the history of coherent wind lidar, the latest research progress of coherent wind

lidar with different wavelengths are described in detail, and the development trend of coherent wind lidar. is summarized

briefly.
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Tablel Research status of Doppler wind lidar.

Detection < Coherent Detection —>
Method <——— Direct Detection —>
Wavelength 10.6um 2um 1.5um 1.06pm 532nm 355nm
Laser CO2 Tm:YLuAG Raman OPO-Nd:YAG Nd:YAG Nd:YAG Nd:YAG
TmH:YAG Er
Reference [2] [3] [4] [5] [5] [5]
Detection Object Aerosol Molecule
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Fig2. The transmittance of the atmosphere from visible light to near infrared bands at different angles
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Fig4. The relationship between fiber loss and wavelength
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VR 3T CW CO2 AHT 22 B I RUBHOL B 35 58 48 SEPLRT ORI I T S A 11l
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Fig6. NASA coherent lidar installation diagram and wind velocity measurement results.
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2002 4Fi2, FFURRIE HADEL A 25 B Ao Tk KRG R R, SER T HUEERIESLS:, J#T 2003
A E G AL, 2006 4, =ZFHALARIHEH TR G T2 I AEOEE L RS LR-
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— A EOCOREE, M QUK R GG BT RE RS = A 1790, SEPUK T 10km KPR . &
I, ZEEHHLAF K AL 2 3 S AL T A REULIRERIBE & /- N =R AL K E, 33EHE, 5
i L) 143144,
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AT — D ORSY, S EL T R 30km (7K ST R R I
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Fig7. Mitsubishi Electric Corporation airborne lidar wind velocity measurement results
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2009 4, ONERA X 55— AUAH T2 & Il XGsOE 88 R GUEAT 17 T4, 8 = 2R F 7 Ho LTI
Ky FEAE KB ARG W] 32 o INBLR, 3 — PR BOLS kP RE R SE & 120p), SEBLT KHLE
iRE AL S B

2014 4F, @A KB F L IR /157730, ONERA #E— D i 1 6Ll (1 323 B R (.
B3], FEFK e R 3700 BUTEOLS , SKBL TR 10km (9 RUIZ PRI R .

2015 4, ONERA Ll 12 MLLFURE I, $REDCAFHOLSRINBOLIkh REREY, 4E 5000 fkih
Re BB N, SEEL 16km A XUIZ RN 25091, @it 5 Leosphere AF] & 1F, 1ZE0G#% 4 N T WindCube
77 i R BOIT] JEHEAT 1 SMER TN, L XD AR 0 45 S 47 1 G PelseNteolisal
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Fig8 (a) Microwave radar wind velocity measurement results (b) Leosphere coherent lidar wind velocity measurement results

2003 4, QinetiQ 275 DTU A 1ERTA 1% w58 — & 7 H 23 T3 BRI M A T2 5 i ot
15, BRGNS ETE, SCHAERE B4R KIZ RN, JEH B SRR RS, LRz Z X
TSR 2B RGE 2003 4F 12 H A&7 SKRIRIER, CAfEtt A 50 24N E N X 4 &
3000 &. 1ZAHE HAETH™ My ZephIlR300, W 22eAEfTiHE, ) F & 8B L.

Y [E SgurrEnergy A R AL T 2002 4, 5 DTU SEE 1 Galion 41 kb =UAH T 2 34 Ehill XSO &
i, FEM T EAER A AL RIS ERI, KRR R TRINAETAE, 2013 4 DTU MR ¥ 2 4E L prifd
&, 45t T Galion AN &4, Nz RGRGE R EE, HATHR AL S )y G250 1 G4000.
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JFAE 2001 SEWH R 13T OCET A 1F 1 1.548um kb A 2 5 B RO L R 48, JFAE 2002 4£4E % &
GLHEAT KRR TL,

2004 4, Halo-Photonics A | 5: T4 Er,Yb BOGHOKE, W H THKAN 1.562um, fkaes 1.15mJ 1)
FIIIAHOGETE. 78 2005 4, A AIZE DI E0EES, R F]RAR T 2 B KGO IR I AR IR 5 T
B 7 8kmlU7, JRA AT A A0 R ZR UL WS il By AR I 2 A B0 DR 2 R R B i
FEHCREVEIEAT T TT. &1 9 D9 A w3 T ™ lonf K 3 B0 P e 2 T e FE ) S T 45

FHERHEOR 2 (DTU) KUBESA e 32 EFTE X7 R B AU AR DG BOR , FEAH T2 2 i UGO8 U
45 ZephIR, Leosphere <54 R KEGE. HT X7k HLATIEORHIOE B IS & A 2R3 %], Fril DTU
B SR T I A (5 B AR B AR T 2 M B O & - Abari BRABIZE MBS B BeTE 1 B A X042 A KU
77 1) BRI BB T 28 I O 7R I BAESIES], 3 B IS AR 1 —FrE] DA R AR iR EE AR SR
BT 238 I O F A BT, DTU [ —Se SR 78 350y T4 FH S04 B 10 2 SR O 3 B O 0
&, DA T 2 MBI RO TR IA R AR, DTU SeHEH T 7 FH Y WindScanner 778, A4 kb=t
AL A, FTRASEIL 0~300m i B2 Y XU #RIN . 3% 2 5t 17 [ AMH B0 R I8 T2 2RI 7T S AL S0 4R
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Fig9 Halo-Photonics airborne lidar wind measurement results and boundary layer inversion results
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Table2 Parameters of 1.5um coherent lidar abroad

Parameters Wavelength(um)  Energy(uJ) Pulse PRF(Hz) Detection Distance Telescope
Width(ns) Range(km) resolution(m) diameter(mm)
Mitsubishi (2001) 1.54 10900 228 15000 5 -- 100
Halo-Photonics(2004)  1.562 1150 -- -- 8 -- -
Mitsubishi(2010) 15 5 500 4000 15 70 50
FiberTek(2011) 15 120 800 25000 -- -- --
Mitsubishi(2012) 1.55 1400 580 4000 30 300 150
SgurrEnergy(2013) 1.55 -- -- -- 4 -- -
ONERA(2014) 1.545 500 650 10000 16 200 --
QinetiQ(2015) 15 -- -- 10000 0.2 20 --
NASA(2016) 15 240 400 20000 0.4~10 15~60 101
Leosphere(2017) 1.54 -- 25~200 -- 12~14 25~200 --
LMCT (2017) 1.617 25004500 250450 750 15 100 --

Halo-Photonics (2017) 1.562 - 800 - 12 18~120 -
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2010 4F, H[E M FRHEER A F B AT (CETC27) A M EEIE 7 — 85T 1.5um HFESHAH
T2 I RFOCEIL RS, ST 200m RGN B RGE IR0, 2013 4EA 2015 4F, HE LT 27 B o0
SARIE T AATT A A A T 22 A I XGROR B A R 405 IR FIER 25 ASBR AT L Sz ge U], 76 800m 4RI
PEE N, ¥R T RIF4s

2011 4F, HhETVEEERYE T (SITP) (209 )& i & PR AERIE T 1.55pum 26 EFAH 2 538 XUk
ML RS, SEPLT 5m~200m LV Y i A, 5 55 X0 B ol RS 5 E AT T R BT,

HRHGE L IRERE 26 2ZEH U 72 T (SIOM) A fHE S5 7E 2012 4E 1 IR T 2T 4206 4F 1.53%um WA T2
I RIROG TR ISR, JEAE 2014 A% RGHAT T FHK, PRS- 3km BRI R, 2 B 7 ) 1.9km AR
PRSI, 2015 4F, ISR FH SR FH A LR B0 3 v Xo Mo R A I 1 IR T % R AT S, WO
1255 X0 28 T T U ) AU REAT T X B, R R KT KU, R v R e XU O R B 0.988,
0.941 FI 0.9660%],

JERTER TR 5K B R AL — BN TAHT 2 3 0 RO B IA BRI 7T . 7 2014 4, SRk b
WEAE B G EHUET T T S AR T — S 26 AR T 2 B BOCH A RS, T ZRRIT T — L
OL075 JEC FRJ P ) S48 Ak B BV PO I 9 1960
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Table3 Parameters of coherent Doppler lidar in China

Parameters Wavelength(um)  Energy(uJ) Pulse PRF(Hz) Detection Distance Telescope
Width(ns) Range(km) Resolution(m)  Diameter(mm)
STIP (2011) 155 100 -- - 3 -- --
SIOM(2012) 1.540 43 500 10000 3 75 50
OUC(2015) 1.55 50 400 10000 4 60 --
USTC(2017)  1.548 100 300 15625 6 60 80
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