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Tab.1 The type of equipment installed on the floating lidar system and meteorological mast
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Tab.2 List of the lidar performance parameters
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Fig.2 The meteorological mast (a) and its structure diagram (b)
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Tab.3 Rationality test of the meteorological mast results
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Fig.3 Distributions of wind speed deviations with different wind direction between the floating lidar system and meteorological mast
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Tab.4 The integrality of the floating lidar system results
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Fig.4 The comparative analysis of measurement results between the floating lidar system and meteorological mast at 100 m height
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Tab.5 Correlation analysis between the floating lidar system and meteorological mast

- SR e KRR i DR SFH K]
=1 4 /m
a b R? a b R? a b R? a b R?
50 1.002 -0.04 0.987 1.023 -0.011 0.985 1.009 0.008 0.61 1.001 -4.26 0.994
70 1.016 -0.04 0.99 1.027 -0.016  0.985 0.982 0.006 0.602 — — —
80 1.012 —-0.037 0.99 1.026 -0.03 0.985 0.993 0.007 0.616 — — —
90 1.008 -0.025 0.991 1.027 -0.038  0.984 1.024 0.006 0.633 — — —
100 1.013 -0.042 0.992 1.033 -0.075 0.985 1.024 0.006 0.658 1.007 -3.25 0.995
20.01 ; ;
— y=1.011 4x—0.035 1 (£L73) 350 — »=1.008 8x-3.355 7 (JUl<%) &
17.51
_— 3001
1) 1254 2501 »=1.008 8x+6.644 3
_‘5 10.0] 1=1.011 4x+0.964 9 P . f;_J 200 A
% sl 5 _.' : Z1=1.011 4x-1.035 1 g 150- “7=1.008 8x—13.355 7
5.0 1004
25 R2=0.992 4 501 R2=0.994 5
0.0 = 0+
00 25 50 75 100 125 150 175 0 50 100 150 200 250 300 350
A A
a. R R A m/s) b. PRI (A 0)
i : — AT 1001 — oLk
2 : — JRHS TR — PR
| : - 3 m/sHEELE 50
03 T
. WA s
041 ! _ 801
= 034 =
S = 70
0.24 |
60+
0.1
0.0 ] e 501
0.0 S e AT 1S 150 19,8 68 69 70 71 72 73
I3/ (m/s) JXE/ (mi/s)
c. iR d. HAEeE

KI5 100 m ey B2 A EE A HOL A -5 I KUK A DG HE 234
Fig.5 Correlations of the measurement results between the floating lidar system and meteorological mast at 100m height
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Tab.6 Analysis of the effect of rainfall on measurement bias
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Fig.6 The time series of mean wave height measured by seabed-based acoustic wave gauge and floating lidar system
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Fig.7 Distributions of deviations from different wind speed and wave conditions at 100 m height
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Fig.8 Distributions of mean wind speed, maximum wind speed and turbulence intensity measurement deviations in different wind

IR/ o

HT T XU I 12 mi/s 9 X T] UL K30 3 o5 0L

speed intervals at different heights

P!

SRR 5% Ze AT, e AT A R A — E R b AT
AE T YA S I RGO o 38 A e AU B g L



51 TR AE PR O T s B DX AT SR B R e PR R WS 81

T 2Rk 5
g1

T BRI T 22 B O S AT 58

5 B4 51t

AR SCHRN T 4R 48 BH VT 3 50 0 b XUrR 3k Y
f] s M XU 1 T SO A, %o Vv 2ROt 7R ik
TEIE_ IR O] SE AT T R G A R TEAY A
BEBEA b o B T R SO0 B R T XU 2 B
RERHE. g5 .

(1) O B 280 2 1) KU B8 o 46 % b
UL 5 B A 3G ms A R B, H 150m DL N S48
98%. V-F45 XU | V- $4 XL ] AR, SR IR ) 0 o 4
5N R B AR — B, AT St e ST 20 A X 22 1 7E
7% LA PN, 135 JRUTHE TP 257 IR0 i) 18 S 349 468 % i 25 43
FIAE 0.5 m/s A1 5° AP, R* #4948 1 0.98 5 Jirt 37t 558 & )
i 2 6 AR XU DXRE X AR, 4% T i v 35 Ah ST 34 4
X257 0.012~0.014 Z [i] . 26 kA , T
ST T B IR 37 0 5% SR AR G B AT AR T 2
1 XRE R IR IPAGZR

(2) 52 M v O T TR DN RS B 1) LA
PRI 2R SR K, T YR AR 2 ey B 6 IR0 O G e ik
A 2 A2 M 557N

(3) 5 [ 2 XIE AR L, V7 O R A 1Y
AU 22 32 B4 R AE 3 mifs LR IR B, E ok
ﬂﬁﬁﬂﬁzﬁﬁ LMﬁmmmﬁFﬁ%%?

0 R 000 235 2R 3 AT A - 0 KU A B 7 AR XL X
I RT A 5
ARSI BIETEAE RAE — E TR Bk T 9 5

PO TR IR AR IR 1 XURE B8 U I 2 e (% BB AE X I
AT EE o] il 22 i KOS UR DA A LR (AR S
SYHTIR R AEAE— 26N 2 o Bilan, T 12 m/s L
5 AU X P DU AR AR i A, e 8 A X T 2
WO B TR T e G B2 1) i 25 R PR T g it — 25 43 #
TE 3 BT 5 7K G T OO B 3k 14 572 i) e A, 52 3] [
K [] B 5 B3 /0 A B ], AR 75 BEU AR T 2 1Y
ek K XU 504k A7 B 4 T 018 00 o 2R 25 0 AT 5 T B E
— A 2 JEOR [] 5 i DR 28 22 1] A9 BB 5 000y %o 1) 15
PO e

ﬁﬁ& R ASHIF I FE B R A R O

K 5 ] g Q0 A 1 000 e 2 R L, T XU

B SRS BE AR AR AE — 8 iR 25, I, PRI A5 7E
3 m/s LU AR X BE 5 X He &5 S 25 9T A %éﬂ
PR 1 30 7R 3k 1 I RS B A 25 . H IR EE
%ﬁﬁﬁi%%&%%%%%k@ﬂﬁ%ﬂﬁ&
D255 PRI 3 mis LA XU BE 118 0 12 g 25 X6F XL
R DT IR ITAL 45 SR sE

gE ikt 5 2 KIS X L
7 SO T R 0 3 XUAE B O R A UL
W B LA 2LV XU B R 5 oK o X AR5
FETERIAR R, i 826 F — 0 IS B2 i | eatE it 5
IEAN FE I KU AT SRR, LA TR 5T 45 5 ) ]
SETEFAER I, T O R R R TR AL AR
PR

S &k

[L] b . b O BEAHTRE
2021(3): 1.
XU H. 'The 14th Five-Year Plan' steps into a new stage for high-

JoT R B B (3], HR ks 0l

quality development of new energies[J]. China Electrical
Equipment Industry, 2021(3): 1.

[2] G, Tk R, sk, 45 i T XUBE BE IR PEAG B (AL AUl B A IR B
KRR HAmaaglE, 2021, 6(1): 1-6.

Yl K, ZHANG Z L, ZHANG H, et al. Technical status and
development trends of numerical modeling for offshore wind
resource assessment[J]. Distributed Energy, 2021, 6(1): 1-6.

[3] EF55E . 5B Z 0%, 5 I ——2020 4F rfr [ XU A 7l ] i 5 e
AN, fiE YA, 2021(2): 60-65.

WANG X Q. The rising sun shining with time—review and
prospect of China’s wind power industry in 2020[J]. Energy, 2021
(2): 60-65.

[4] SKAE . XRE B PR AL AL B A [ IRURE B Py v %) 17 A
FE[D]. 2M: 2= K2, 2009
ZHANG D. Study on wind energy numerical simulation and its
application to wind energy resources assessment in China[D].
Lanzhou: Lanzhou University, 2009.

[5] ZEIE I, ARMEAT, Dy, 45 . b AR BE I 00 I 55 A5 A 5T 4 g
[3]. HuBRAL2= 2, 2016, 31(8): 800-810
LI Z Q, SONG L L, MA H, et al. Review of methodologies for
offshore wind resource observation and assessment[J]. Advances in
Earth Science, 2016, 31(8): 800-810.

[6] COURTNEY M S, HASAGER C B. Remote sensing technologies
for measuring offshore wind[M]//NG C, RAN L. Offshore Wind
Farms: Technologies, Design and Operation. Amsterdam: Elsevier,
2016: 59-82.

[7] 5, Fil, 4k T . Fraunhofer 297 2055 15 15 [ 52 2P0 XU 28
[ B4 54T FL[9]. ¥ i+ T 7%, 2020, 39(2): 130-141.



82 HAE S (TR s 39%:

WANG Q, WANG T, LU J N. Comparison of the data measured by
Fraunhofer IWES buoy and fixed wind tower in testing stage[J].
Coastal Engineering, 2020, 39(2): 130-141.
[8] HEZR UG, 420 ¥ b KU Sty B XU H 22 S 20T (L) []. ALE,
2019(5): 74-76.
CUI D L, BAI N Z. Study on the diversity between offshore and
onshore wind power (Part I)[J]. Wind Energy, 2019(5): 74-76.

[91 PMHEAL, IFAS, 45 T . 2T ERA-interim B4} Hh [ 3 v XU A W5 IR
¥ 25 434 [J]. RS T, 2016, 33(3): 50-56.
SUN Z Q, XIANG J, GUAN Y P. Wind energy in the offshore
areas of China based on ERA-interim reanalysis data[J]. Marine
Forecasts, 2016, 33(3): 50-56.

[10] e, RS2, B3 . 25T CCMP XU A A [ 3T 1 JRUBE 75 U 1Y
KA AL AT 3], MR, 2017, 34(5): 27-35.

GAO C Z, ZHENG C W, CHEN X. Long-term trend analysis of
wind energy resource in the China Sea and adjacent waters based
on the CCMP wind data[J]. Marine Forecasts, 2017, 34(5): 27-35.

[10] S/NRE, Fde i, BT . T XU R RO G R I XU S F
FE[]. HEKE (R A), 2019, 19(10): 57-58.

HUANG X X, TAO Y J, GUAN M K. Study on the development
of the wind measurement using floating lidar in offshore wind
power[J]. China Water Transport, 2019, 19(10): 57-58.

[12] HSUAN C Y, TASI Y S, KE J H, et al. Validation and
measurements of floating LIDAR for nearshore wind resource
assessment application[J]. Energy Procedia, 2014, 61: 1699-1702.

[13] FEEVE . B4 & =0 FLIDAR P45 % 1 Xz gl 1 BF 92 [D]. 4
L LR R, 2017.

XUE Y Y. Concept design and investigation on motion
performance of an Innovative triple-hull-combined FLiDAR buoy

[D]. Zhenjiang: Jiangsu University of Science and Technology,
2017.

[14] GOTTSCHALL J, GRIBBEN B, STEIN D, et al. Floating lidar as
an advanced offshore wind speed measurement technique: current
technology status and gap analysis in regard to full maturity[J].
WIREs Energy and Environment, 2017, 6(5): e250.

[15] BRK [, i 25 . BT AH T 2238 oG 78 2 i JXURR ] I £ 000 [3].
LIANS O TR, 2020, 49(S2): 208-212.

WEI T W, XIA H Y. Simultaneous wind and rainfall detection
using coherent Doppler lidar[J]. Infrared and Laser Engineering,
2020, 49(S2): 208-212.

[16] WEI T W, XIAH Y, HU J J, et al. Simultaneous wind and rainfall
detection by power spectrum analysis using a VAD scanning
coherent Doppler lidar[J]. Optics Express, 2019, 27(22): 31235-
31245.

[17] AITKEN M L, RHODES M E, LUNDQUIST J K. Performance of
a wind-profiling lidar in the region of wind turbine rotor disks[J].
Journal of Atmospheric and Oceanic Technology, 2012, 29(3):
347-355.

[18] Wk 7R, BRI, B w45 YR R 5 08X K BL R )
RSN [I]. FUBK T R22 4K, 2018, 54(10): 124-132.

WEN B R, WEI S, WEI K X, et al. Influences of wind shear and
tower shadow on the power output of wind turbine[J]. Journal of
Mechanical Engineering, 2018, 54(10): 124-132.

[19] £FvFF, 752, £ i E . Windcube SO E 5 5 I XUE T AL 45 SR
XFH[I). A%, 2013, 41(1): 20-26.

WANG Q Q, ZHANG X Z, WANG S K. Comparison between
Windcube laser radar and wind tower data[J]. Meteorological
Science and Technology, 2013, 41(1): 20-26.

Study on the reliability and influencing factors using floating lidar systems for
offshore wind measurement
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Abstract: Using the simultaneous wind measurement results from the floating lidar systems (FLS) and offshore
meteorological mast, this paper analyzes the reliability and potential error sources of the FLS for offshore wind
measurement. The results show that, during the observation period for comparison, the integrity rate of the
measured data of the FLS exceeds 98% at each measurement height under 150m. The FLS measured mean wind
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speed, maximum wind speed and mean wind direction at different measurement heights under 100m are basically
consistent with those measured by the meteorological mast with the correlation coefficient R* over 0.98 and the
mean relative errors (MRES) less than 7%. The MAE of mean wind speed and wind direction are less than 0.5 m/s
and 3°, respectively. The MAE of turbulence intensity measured by FLS is relatively large, which is mainly
concentrated in the low wind speed region below 3m/s with the MAE between 0.012 and 0.014. The deviations
between them is mainly periods. Further study shows that the accuracy of the FLS is potentially affected during
the raining time, while the influences of measurement height, different wind speed with medium and high
magnitude and wave height are insignificant.

Key words: floating lidar systems; reliability; influencing factors; deviation





