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Analyzing and testing of performances of high optical efficiency CDL

in wind sensing
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Abstract: Recently a high optical efficiency all—fiber coherent Doppler lidar (CDL) system was developed to
achieve real —time measurements of wind fields. The coherent lidar worked on 1.55 pm band, the
diameter of the felescope was 50 mm, the temporal and spatial resolution were 1 s and 30 m
respectively. In addition, the system consisted of a fiber—based optical transceiver unit, a 2—axis scanner
which can program scanning scheme, and a multicore digital signal processor (DSP) for real—time signal
processing. Theoretical performances of the system in wind sensing were estimated and compared with
experimental results, it verified that the measurement range was 5 km. In comparative experiment, the
system and ultrasonic anemometer measured wind field simultaneously. Measured data were compared
and analyzed, the result were listed as follow: correlation coefficient of wind speed was 0.980 and standard
deviation was 0.235 m/s; correlation coefficient of wind direction was 0.993 and standard deviation was
3.105°. The results prove that the system has excellent performance, can be widely used for wind
detection in atomospheric boundary layer.
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Fig.1 Schematic diagram of the coherent Doppler lidar system
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Tab.1 Parameters in coherent wind lidar

adoosofo],

Item Parameter Value
Wavelength/nm 1 550

Pulse energy/pJ 50

EDFA Pulse width/ns 200
Peak power/W 200

Pulse repetition 10

Telescope Effective aperture/mm 50

3 dB bandwidth/MHz 200

Balanced detector

Quantum efficiency 0.8

A/D converter Sampling rate/MHz - s~ 500
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Fig.3 Normalized spectrums of simulation signals

A UL BE A O LR, RS S AR i
B R AR  AF 5 0025 B Bl M 7S A i, KU A T Y R 22
W W K, TR X XU E N 0 m/s, 1A
JIT A5 DR (8 A o 2 B XUER Ay 10 22 AR UE 25 . 8
RSN R T 530 45 SR 43 A6 7E £0.5 m/s S L B
SRR RS TE, T ROSERLR B E R R R i K M
B X 17 £ P 00 ABE S X AN ) R L A S LA S 4%
1710 000 RALHL, Ge it 25 5K WA 4

Wil 28 LR B BRI AE N 1 R 4R AR, XU
brvfE 22 N 0 TFAR 4 I, 2 Lt fE-31 dB DL B,
TR ME RN 1,46 -32 dB, K 5 #E 22 4 0.54 m/s,
TR K 0.99; 1634 dB, X bR fE 2 K 4.7 m/s,
PRMME S R 093, 72 58 19 4R 0 FE 25 5 SO #% 00 A6R
R 0.9 raeil Bl iR KIER, 256K 2 5K 4,
FGAEH 50 I kb g a0 B A #) 5.1 km,

1.0—— e 18 w

B0 . £

. a

5 L ] o

E 0.8 N, ® = Detection 14 3

< \ probability é

"5 0.6 '\ —H= Standard l1o g'

:C- variance of =

S 0.4} . \ velocity =l

° 4 <

2 - \ 2

8 02t ' \ g

" s 2 42 <

poun® Ny E)

-45 -40 -35 -30 =25 4
CNR/dB

Pl A R SEL A 9 22 55 48 00 RUE 2% R A8 R L 6 R
Fig.4 Standard variance of velocity and detection probability

as a function of CNR

2 RWERDW

2.1 REXENSE
KT R RS RARIMERE, 7F 2018 4F 12 H 3H

TWYNFEAT 748 1] KGR R 0 6 B ] e 41 4 Sk A
1o 5°, FRGUNR] Sy PR R A A A 3 BRI 5100 1 s,
30 m, OGA Ak b BE R 50 wI, BEAECE 1 s B
] 3845 5 7 35 o0 BE B 1 9 3 — 4R 030 WL 5,

10

(a) Range=990 m

Relative intensity/dB

-30 -20 -10 0 10 20 30
Velocity/m-s™

10
(b) Range=2 100 m
o] 8
=
2 6t
3
2 o4
2
= 2F
=
©
Mo
-2

-30 -20 -10 0 10 20 30

Velocity/m-s”

10
(c¢) Range=3990 m
Jas] 8F
=
2 6r
5
I
°
= 2F
=
©
4 (]f\\/xw\/\/\/\f'\/\f\j\/v\q/\/\,\/\
-2

-30 -20 -10 O 10 20 30

Velocity/m-s™

10
(d) Range=4 980 m
[as] 8F
=
2 6t
g
2 o4
>
= 2f
=
©
MOW%MWvVAWWNWW
-2

-30 -20 -10 O 10 20 30

Velocity/m-s”
B 5 m1 A5 5 0 5 — f A 1%
Fig.5 Normalized spectrums of backscattering signals
A LLE 5 b il S0 A S 00 A A 3 ARG A
5N — B R ES 990 m Ab Bk o -20.7 dB,

b105006=4



bl ok TAR

%11 &

www.irla.cn

% 48 %

XF L BRI AE R 1, fEH B 4 980 m Ab 2 M N
-33.9 dB, X (R AE R 0.93, £ 5 km Z 515
5 T R R R, [l R X I A U {7 A5 LA
SyPE, N T IERAITE 5 km LL B OIS 15 S G 3k g
L, K % 22 5 10 min B9AE 5 20 R385 800 25 4T 2o
S AL A5 B0 28 M L Rl A PR I R A A Y R £k
[ AP 50 Wl Bkmge i iy 3F 5 a5 8 x5 el
Kl 6, A 0LSE 25 R R G i EAEFE 25 0.6 km DL I
Bk —B, AR B R A S PR R R RCR AR R T AR
AR I KRR Bl — iR,

—— Simulation result
+ Experiment result

CNR/dB

Range/km

Pl 6 2 MR LU R 45 R 5 R GE 0 EL L

Fig.6 Measurement result and simulation result of CNR
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