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Abstract Coherent wind lidar uses the heterodyne detection method to amplify the backscatter signal by the local
oscillation laser. Because the signal-to-noise ratio can reach the theoretical quantum limit, the lidar has high spatial
and temporal resolution and high precision. Coherent wind lidar is widely used to measure wind shear, atmospheric
turbulence, aircraft wake, gustiness, and gravity waves. Researchers in China and other countries are presently

studying on coherent wind lidar. This study introduces the history of coherent wind lidar, describes the theory using

different wavelengths, and briefly summarizes the development trends in this field.
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Fig. 1 Coherent Doppler lidar schematic
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Table 1 Research status of Doppler wind lidar

Detection Coherent Coherent Coherent detection / Coherent detection / Direct Direct
method detection detection direct detection direct detection detection detection
Wavelength /nm 10600 2000 1500 1060 532 355
Tm : YLuAG;Tm., Raman OPO-
Laser CO, Nd : YAG Nd: YAG Nd: YAG
Ho : YAG Nd : YAG;Er
Reference [1] [2] [3] [4] [4] [4]
Detection object Aerosol Aerosol Aerosol Aerosol Molecule Molecule
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results and boundary layer inversion results. (a)

A BRI A AR Coherent lidar backscatter coefficient; (b) vertical
355 T HE A JCE 6l T2 r 45, DL velocity standard deviation; (c) vertical velocity;

Y CAT A ROl KT R A S AU W 7 SR (d) vertical velocity skewness
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Table 2 Research institutes and parameters of 1.5 um coherent lidar abroad

Wavelength / Energy / Pulsewidth / PRF / Detection Distance Telescope
Company(year)
pm w) ns Hz range /km resolution /m diameter /mm

Mitsubishi (2001)5" 1.540 10900 228 15000 5 — 100
Halo-Photonics (2004)177) 1.562 1150 — — 8 — —
Mitsubishi (2010) 1.500 5 500 4000 1.5 70 50

FiberTek (2011)5" 1.500 120 800 25000
Mitsubishi (2012)%7 1.550 1400 580 4000 30 300 150
SgurrEnergy (2013)[7%] 1.550 — — — 4 — —
ONERA (20147 1.545 500 650 10000 16 200 —
QinetiQ (2015) 1.500 - - 10000 0.2 20 —
NASA (2016)F#1 1.500 240 400 20000 0.4-10 15-60 101
Leosphere (2017) 1.540 — 25-200 — 12-14 25-200 —
LMCT (2017)™" 1.617 2500500 25050 750 15 100 —
Halo-Photonics (2017) 1.562 — 800 — 12 18-120 —

Note: QinetiQ data are from ZephIR 300 Chttps://www. zxlidars. com/wind-lidars/zx-300/) ; Leosphere data are from
WindCube Chttps://www. leosphere. com/); Halo-Photonics data are from Stream Line XR Chttp://halo-photonics. com/
StreamLine-XR-Doppler_Li)

020001-7



Wt 5ot T o R

BHARMEDY Ay BIHRGE T 464 M T 2 35 i K
WL I8 R G0 5 I KA TR 25 BRI % e S5, 7
800 m [ HR N FE 25 P, B AR T R 4f4h

2011 4, VY R B R P BT (SITP) (209 1)1 J)
KAELIHRGE T 1.55 pm 4 CLF M £ 3% 3 I X3
MEB ARG IH T 5~200 m & N X
WSt , 5 92 56 J5 Ml Py U XU i R AT T XS EL

o Bl B L RS B O% 2% HL AR BIF 59X BT Liu
DS Diao UV 2012 AE R T R T 24
1.539 pmAYAH T 238 8 0 XGBOG 35, JF T 2014 4F
SRGEWAT T I, LB T K 3 km ., H A
1.9 ke A ER U BE 85, 2015 4F . ) £ i 2500 % 3k
LR A /N 3R T e O TR A T Ay XU ) T A
A7 B %t b T OB 1K 5 KU 2 B Tk 1 R
TR 25 000 14 7S IR T DR i R XU ) A R R B
435124 0.988,0.941,0.966,

JERHE TR 2 ik B R4 — BN T AT 23
SR E R MBS AT . 7E 2014 4R, 5 E R
Bt bR G2 E WU S I B AR T — 3 26 2F 1
T2 8 BHOC T R R TR RHIT T —
SEASTADL () B AR AN S A AR i o

2017 4F,209 Friu Bt HGE T 2Oka M T £
- 500 RO TR R G AR N ) R AR A R 0
fE IR TS K JBH K L %5 3 KRN RRN K 4 Fp RS 2R
TIZRGABEA RAFHTERE .

o g VE R 2E Wu DY F 2014 AR RIE T

18:00 22:00 02:00 06:010:00 14:00 18:00
Local time

10 Hp B 2 B R R A2 ol 21 S0 X' B 3 e IR L e ) 45

1.55 pm@VEEF M T 2 M N BEOLF LR 5.
H R XU B U O L 8 3 S W e s A T4
J&  HEW T R WindPrint R48, I E TIZ &%
TEAS TR MU T R B 3 I 4 BE L LA B2 T T 3 0 18 0 ) —
BB 00100 2018 AF L 4 K i DOV B T Ak e
Tofs o5 B 1 1) B A7 s 3 B3 s I SR
B0 B Ao o B 1 AR A 5 A B A e B

2017 4%, [ BE 2 B R K2 Wang 584 1L 3)
WF T 5B 55— 45 e ] s UL R A e % EE ok
S A T 2235 I RGO B R I T i
RYAE 100 ] PkohBERE 15 kHz 5 &2 Wi mE, o] DL
P 6 km (YK AR BE B L A E T A e R AR T
KB IA 1% 2R R T 43 52 JH BB = 11 (5
Sl AR R A (PBOJE . P RIRES 44 3 km
(14 4IE R J 81 2K R0 25 5 AR iR G M AT S B O B
A, HRE DR R G0 I e A5 S A& 10 TR

4, Wang 55110 5 W R FH 36 & s 43043 T 14
TR A T O TR R A R AT A B AT DL A b A
ORI AE B ShAS S50 . A0 L T 5 e i DR 4 L i AR
Pk, A IE I SR A% B AR o A A s N A
T A 1) 200 SR - L B A SR A B i AR . R 3 RN
ER R ORI 0l S X VA& =L N

K11 450 TEPAN 1.5 pm BT 80O% 5 5 R
T B S bk b i AR AL 0T DL L PRI B A
S Pk o B ) 38 K 38 K TR s T P AL A F 9 AR R
ST ST AR S 2 B e

__Sstate Pstate Wind velocity /(m-s™)

Py

0 120 1 2 3 4 5 6
Distance /km
Wind velocity /(m-s™)

! o
g &4 {
)
i
3 )
,
b

18:00 22:00

Local time

o (M TG E BHAHL 5 (b) A 8- i 2100 4%

M S ZSFN P AU I 8 A5 B A KU L 3 B R S S P AS 22 18] B R 22 5 (o) AR KU 5 (D) KSR T
Fig. 10 All-fiber coherent wind lidar of USTC and results of wind velocity and direction. (a) Coherent lidar prototype;

(b) wind velocity retrieved from both S and P states backscattering by single balanced detector, in which the inset

shows the difference in velocity between S and P states; (c) horizontal wind speed; (d) horizontal wind direction
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Table 3 Research institutes and parameters of coherent Doppler lidar in China

Wavelength /' Energy / Pulse Detection Distance Telescope
Company (year) . PRF /Hz i i
pm mj width /ns range /km resolution /m  diameter/mm
STIP (2011)" 1.550 100 - - 3 - -
SIOM (2012)F" 1.540 43 500 10000 3 75 50
OUC (2015 1.550 50 400 10000 4 60
USTC (2017)1] 1.548 100 300 15625 6 60 80

10000 === distance

— pulse energy

E - E g
& 1 [E] 4
2 100 E 3
z s
e 10 012
0 H |H [H Rzl
P Il
1 i

i j il i Ml I IH 1K IH
12345678 910111213141516171819202122232425 2627
Number

1: MEC (1998); 2: MEC (2001); 3:Halo-Photonics (2002); 4: MEC (2003); 5: Halo-Photonics (2004);

6: MEC (2006); 7: MEC (2007); 8: MEC (2007); 9: ONERA (2009); 10: FiberTek (2011); 11: SITP (2011);
12: MEC (2012); 13: SgurrEnergy (2013); 14: ONERA (2014); 15: SIOM (2014); 16: OUC (2014);

17: ONERA (2015); 18: NASA (2015); 19: QinetiQ (2015); 20: CETC27 (2015);

21: Lesophere (2017); 22: Lesophere (2017); 23: Lesophere (2017); 24: Halo-Photonics (2017);

25: USTC (2017); 26: SITP (2017); 27: LMCT (2017);

11 1.5 pem SO TR S BF 5 AU R0 5 8 B Bk b BE £ 45 A

Fig. 11 Detection distance and pulse energy parameters of 1.5 pm lidar research institutions
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Fig. 12 NOAA lidar wind velocity measurement results. (a) Radial velocity data; (b) corresponding relative

backscatter intensity profile
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Fig. 14 Wind shear detected by Kowloon Observatory, Hong Kong, China
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Fig. 15 Aircraft wake vortex detected by ONERA. (a) Radial velocity of wake vortex model;

(b) 3D view of mean velocity images
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Fig. 16 Results of vertical wind velocity

error and mixed layer height

O FEHYP AT KRATRRE EE KIBESE gL R R A R A ] g 25 o0
Longitude /°E Longitude /°E
153 17.0 18.7 20.4 22.1 238 153 17.0 18.7 20. 4
2 —6.7km
é ) \-\/\J \/ §°
> g
£ 2 — 1.8 km =
- N ANIATAN g
g 9 W =
0 100 200 300 400 500 0 100 200 300 400 500
Distance /km Distance /km

B 17 1.8 km Fl1 6.7 km Ak B4 Ca) 7K & R Bz (b) /NI 25 0 1y R 4
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