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Abstract This study proposed a two-dimensional wind field inversion method based on the calculation of the
correlation among three laser beams. Three beams were emitted in the same plane, and the two-dimensional wind
field data were recovered by calculating the correlation among the three echo signals over time. The principle behind
the method and the calculation process were described in detail herein. Then, this approach was used to construct a
correlation-based two-dimensional wind lidar system, which could achieve the fast two-dimensional wind detection
with a spatial resolution of 30 m and a time resolution of 1 s. The influence of lidar angle on the measurement
results and the variations in the correlation coefficient curves under different lengths of time sequences were
analyzed, and the suitable lidar angle and length of a time sequence were determined. The horizontal wind
measurement experiment was conducted to compare the data by the proposed system with the sensing data of wind
speed and direction by a wind tower in the detection path. The results show that the data from the proposed system
are well consistent with those from the sensor.
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Parameter Value
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Fig. 4 Correlation-based two-dimensional wind measurement
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(b) wind direction

. 09 1.0 1.00
Z @ = (b) =] ©
g g g
8 8 8
= 05 S 03 S 025
g g g
3 g k=
£ g g
) S i )
N
© 01 © _04 © _0.50
250 0 50 50 0 50 750 0 50
At /s At /s At /s

0.8 0.8 0.8
-~ = -
§ (d g (e) 5 ® ,
3 c <
g : :
8 8 8
S o1 S0 S 0
S S S
= = =
2 E £
Q Qo (]
©_06 “©_08 “ 08

250 0 50 50 0 50 50 0 50

At /s At /s At /s

K9 ASIE A B BE I A A SE 2R . (a) 500 s5 (b) 300 s5 (¢) 200 s; (d) 100 s; (e) 50 s5 (D 20 s
Fig. 9 Correlation curves for different lengths of time sequences. (a) 500 s; (b) 300 s; (c) 200 s;
(d) 100 s; (e) 50 s; (f) 20 s

3.3 RMERSH

BT Ol 4k XU R Tk, A DG 4k
KOG IR RS TE 2018 4E 11 A 27 H 4:10 i
F14) XL IR 1) 540 3 A L 10 Ca) L () T, B o
il £ S AH 56 4 I XU IO T R R G BRI Y XU |
Rl 5 Bk RS B 25 mo Ak i XU XL ] 15 K 2R
B S 450 m ARy & AT X . 5 XGE

AT A% B 2 A L, FR e BRI AR D R 2%
12.50 % » U s iR 2200 0.45 % . AR 10 Hmf L
F o KR R ) 78 3T BE B 100 m DL N R BE
AR AR 22 85 KL 3k ] fiE 5T I B AR b B A S W
PAAE L, ME 700 m LLJE . XGE F1 R w9 3 3l 1
(T2 NI S = 5 ol o1 e RV EI Y (= e X (AR
BIRZEL K,

0601003-7



ot 2 X i
1400 — — 1400 — —
(@) —— (b) R -
g - !i
1050 .. 1050 o
W= 7—-- -— i' -
g e £ —
E Al li(jar '. Vf. E . . .ucz'w -
g 700} = windsensor " g 7o0f —® lidar =
g "t g = wind sensor
o— - o=
=) k] T A [ ]
350 |- ;" . 350 |i
Iy
ole= — = 0 1 . | .
0 1 4 280 282 284 286 288 290

3
Wind speed /(m-s™)

Wind direction /(°)

P10 & = 48 I XU R 3k 2 8 44 T RSy B It 2 IR A XU ] B 26 Ca) U 5 () XL IR)

Fig. 10 Curves of wind speed and direction measured by correlation-based two-dimensional wind measurement

lidar system at specific time. (a) Wind speed; (b) wind direction
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