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Abstract Lidar is able to provide atmospheric wind field data with high spatial-and-temporal resolution. To improve the
observation precision of lidars on offshore buoys and other moving platforms, an inversion algorithm for the wind field in
the marine atmospheric boundary layer based on a floating wind lidar system is investigated. With the data observed by the
self-developed floating wind lidar system, the methods of correcting the attitude and radial velocity of the buoy platform,
the velocity-azimuth display (VAD)-based inversion method for the wind field, and the data quality control method are
employed to improve the accuracy of the inversion results of wind profiles. The results of the simultaneous observation
experiments are compared with the inversion results of the wind profiles for verification. The comparison shows that the
matching errors in the horizontal wind speed and wind direction are 0.3 m/s and 2. 0°, respectively, and the coefficients of
determination of the two factors are 0.986 and 0.996, respectively, indicating the accuracy of the proposed inversion
algorithm for wind profiles based on floating lidar.

Key words oceanic optics; lidar; buoy; wind profile; inversion algorithm; quality control

1 7 El

Z W PO TR B BAT R I 2 PR R R
I BRI EE T, BB /N R IRy i 37t 1A
IR AW o Sy T S RO 3 5 1 oK, H R

SRS HIESEE MR T ST N S T
TR ERIOLE SRS Hh R ROLE b
TS T L0 AT 1, BT R 3 R B i
7 K I 12 DL B

P 50 DR 7 15 3R 1 0 T 5 0

K EER: 2022-04-27; fEEIHH: 2022-05-09; RABH: 2022-05-16
HEWH.: EEREMAPLIT(2019YFC1408001,2019YFC1408002)

#{E1E% . liubingyi@ouc. edu. cn

2401002-1



=42 3% $ 24 81/2022 £ 12 B/R¥EEHR

BF, VbR LG TR TR 2 BV TR I RS R AR AR B B I 4%
PR G faf £ TE XU TR XL 1 v G R T A DR Y )
M, HRErAE PR R ks B — RO s R
MLAR 2 B 4732 sz, LU /IN 32 35 25 4 (1 7% ol s
B AR A Bl I R /N A I B SR AT 0 A
I 22 W 32 20 X6 I 4R B2 A 2 0 . Tiana-Alsina 452
T — PR e TR bR G 22385 50 XU B S ALK
ARG B ORI/ O B IR I8 Bl 0 XU I Y 5
55 Ry Tk R I VE B B Bl IR A B Ak B A £
iz gl Mz Bk 2 I HXE I ) R . Kelberlau %5
P& T — (O TR A AR 1) B RNRE AR o s

#1 EmEAEOLE

SEE i ShAME L IF HLUE T 7 2k A &0k

4% [E Carbon Trust #& th T ¥ b XU I 2 31 4
(OWA), B WA T O & B A & e
LM AR FHE  Hl @ T WO F L7 4~
16 m/s KU B v il JRUESC 0 o 5 06 AT Y A o LA A
W 1R KB A R y = ax, W 1A 72
Ry=ar+ b, i a BHRE, O NI . 68 &2
OW A #& iy 5 7 OG5 38 W0 JXCERCHE o 3t 99 A0 1) b
TSR K 05— 2 I I 2 XU B 58 R 40 1 AT S8 M A
DRERCHE 110 o A A 1 B A o

T2 0 XA A T 8 A s

Table 1 Criteria for quality acceptance of floating lidar wind measurement data

Statistical indicator

Optimal range Acceptable range

Slope returned from linear regression of mean wind speed

Wind speed determination coefficient

Slope returned from linear regression of mean wind direction

Wind direction determination coefficient

Absolute value of wind direction deviation

0.98-1.02 0.97-1.03
>0.98 =>0.97

0.97-1.03 0.95-1.05
>0.97 >0.95
<5° <10°
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Fig. 1 Floating wind lidar system
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Table 2 Key technical specifications of coherent Doppler lidar

Parameter Value
Laser wavelength /nm 1550
Pulse energy /pJ 20
Repetition rate /kHz 10
Height range of wind measurement /m 10-300
Measurement range of wind speed /(m-+s™") 0-75
Measurement range of wind direction /(°) 0-360
Uncertainty of wind speed measurement /(m-+s ') <0.1
Uncertainty of wind direction measurement /() <3

2.2 ERTEERESKEER

0 2 RO TR R R S A SR AT B Bl
T2 BITE AR B 52 A OB HE 14 kA —E A%, A
T 402 7K IR i T B XU O A8 1) 1) b )
g3k, DT BEAE KA B A B v X VR AR Y S AR b
FAz 2 2 B HE AT RS IE I B 0 XU S A 5 .
o B IE T RS % & G052k 2 (9 77 bR
RGBT XM T E AR & 48 s BT
BARAL L, 2 BRIEAR T 618 o T BN AR 1] B 4 1, A
T 25 B S5 ) R AU 5 G A A ) ok B

R O H K 5 0 i AR R A AL AR A £
TRV SIE B 0 £ ) A S A B | 3 o A R A o 1 BT )
T TR T AR A R A S PR A

TETEAR G R RN, oo 2 HOLEHR B 7 02 f , 0,
SEWOE AR I A o ZETEAR AL BR R N R SEOE R
B 77 18] 2y

X0 cos &, sin @,
ro=| Yo |=| cos f, cos ¢, | (1)
<o Sin (9()

PEART- 65 19 2 25 T LUATAL 1) A1 o ARFAD A3 0 AR £
i ¢ o o TR HUBR AR BR ZR N A SO R 19 75 1 R
X
Y
<
A H HL A H 53 500 S 4% A IR 6 AT 1] £ A e
L /AW

r=

=(H,H.H,) 'r,, (2)

1 0 0
H,=|0 cos¢ sing|, (3)
|0 —sing cos¢
[cos® 0 —sind

lsind O cosé
[ cos¢  sing 0
H;=|—sing cos¢ Ol (5)
0 0 1

S £ [ B L T LA % B O

% 42% F 24 H1/2022 £ 12 B/RFFR
O TR A 1 B A B R A Y OT LA @0 AR £ 01, — 35 Y

gplzarctan(x/y), (6)
| = arcsin . (7)

2.3 ERTERENERERKREEE
I RGO H iR REERIE T KAz
e Mo B AR AR AR R AT LA i AL 1) as sl s BV, K 1)
B VI RIS EE V. il ES KR IER
A5 B R SHEOAR 0 J7 10 8977 L o MR AR 0., AT

DLW P41 7 6 1032 2 3R R AT R it 40 i, 48052 343 1)
J5 1) L, B

Vorizonal = Vaecos @, + Vi esing,, (8)

Vertica = Vs (9)

V108 buoy = Vivorizoniar ® €08 01 1+ Ve e sin 0, (10)

N Viorsonat TV verica 739 0 07 b5 7 6 1Y 32 3l 2 4%
5 5] b LA bR R R KPR 5 ) s Bl
JE 5 Vios oy NI BRT- 63 1Y 128 3 3 BE £ 52 2 K SO Y
1w (LOS) J5 ) E (432 gl 2, RIPE bR 1532 3%
DI B 3 I ) A 1] S A TR o X OG TR IA AR AR
DA T1) 5 1o b % A 2 A ORI 1) ) A 1 R AT R
IEJ5 L AR AT i ORI 51 Y S A o, B
Vms(@lv 0,)= Vmeasured(gﬁl, 0,)+ VI,()s,buoy<§01, 0, ),(11)
A Vs AROCHEIBLETT DA o M A 0,1 B0 F
IR IR AR X8 I 8 A 1) XU 5V casarea RO B A
18 ZRE T IS A A2 )
2.4 ETEEANEBRWRIGKERZE

AR S L T R T L B os (VAD) 19 XU i i
TR R I Ji B A 1) DAL R AT R AR £k
(S8 o 1207 AR BEAE [A] s B2 B oK K37 1 50, 4]
[ei] 5 IR AV 73 RT3 8 802 T3 67 A 1) T R A A ) I
AE I E SRR KGR . TR
WGE 15 DL L 7 BL A @, AR AR 0, 7 ) A A 18] X
H Vios (@2, 0) 5K G VK- W] @ Z [8] 1 5

3
Vios (@, 0,)= V-cosﬁz-sin(¢z+; cb)O (12)

S Y A ) XU S BE D5 AL A IE 5X AR A Y — R S
s 2 PR ol i /s AR ik R B S LI AR 1 A
EEAE (P 2 P R T s ) i 122 30 Y A XL e ot 2 (181 2 v
SEL TR ), BIVAT R AT 1 SR R 59 K KU VORI K S
JE] @ .

3 KR B i R

3.1 RpRERE

FETIRbRF & 0 AR B0 T I8 AR ) A B
i B, 0T LASRAS OG5 3K 7 Hh 3 AR bR R R A9 B S AR )
A S AT 6 Wis s AR S, BV AT 315 72 bR
BB EA MO TS R R a . FEROLE

2401002-3



% 42% F 24 H1/2022 £ 12 B/RFFR

- LOS velocity
—— sinusoidal fitting

LOS velocity /(m-s™)

0 60 120 180 240 300 360
Azimuth /(%)

K2 VADIESZ#E R
Fig. 2 Schematic diagram of VAD sinusoidal fitting
IR LI 4 D A4S i 3 JRE 3 PR A I B o B AR 1) R
gyt RIVRTRAT f R 51 A AR 1] KO . 3R 453
G TR A A AR 1) A8 M B A B 28T B4 LS 1) AR 1) KU
Jei s BIVRT SR TV AD XU [ 38 33k 52 BLKF XU X 6]
P o BAR B AR A 18 3 BT .

uncorrected
LOS velocity
A 4

attitude correction
algorithm

Y
wind speed correction
algorithm

\ 4

SNR filter

data singularity
detection
screening
singularities no

VAD fitting

efficient data
filter

horizontal wind
speed and direction
P13 B = XU B 3k XU S i IR
Fig. 3 Flow chart of wind field retrieval by floating wind lidar
58 RS 3P 5 002 2R E B R R AL IE Y
A8 1) KR HEAT AL AE , AR 45 B8 2l I 3 Ta] S0 T ik A )
f FLSE 7 L A FVIRAM AR o AR, SR s 3l-F 6 B0 KU
W R T2 %0 i PR AR 65 32 3l B o i A4 1) R % 22 E

TTREIE o X HOE TR IR TE K SO 10 J5 1) B4 BE B
JEE A O 000 38 7 A 1 RS R AT A GE IS, AT AR AR B KA
Wi 5 i B AR 1 e B . B ORI L O
TR 3 e — AR G0 AN [R) RO 3k 3 AR 1 R T AR
o RAMEME L (SNR) BIE %, &G M LRI
AL, 25 A7 76 B0 5015 e L AR T R FR Bl sk & 5
BRI, WPR i B s T DA AR o R R R A R
LU 15 1B 7 i 20 A 7 85080 25 S R 3l o VAD Sy
RPLA HIE SR M e T E 5 XU BOHE 0 8% 22 L i A IS
P U L 45 (MR 0 B A A B o A S B R S
B It S R (R SR 0 B 54T VAD UL A,
IF ARG I Al 2 A5 6 BHE AT SR R DS B R 4
1) 7K P XL AR ]

3.2 HEREEFNAE

3.2.1 15kl EE %

AH T 2238 8Os B 3k B IR ) [l A S AU
KABEE S, B 5 G H BRI 25 45 7 A i M 75 {5 45
M5 IR e A G S P S s K T A A
S, )2 5% i JR\ 3 s v 1 o A A

FEXFAH T 2235 38 O B S R R 0 DGR TR 30 45 5
PEAT AL PR, 50 F 47 e Sl ol B oo A2 460 45 381 4 5 8
TR A0 B A 2R AT 38 R B 2 R SR DLk R
e SRR AR 5 AR e b . 7R R AT I (A DU /S L 1T AR
15 W L AN 2238 B R |, I JE RT AS 3 R b 0 A% ) XU B
Pt o TEXF A2 1o X B 0 A7 A B R S A X
b B T BR R 2 B A MR b A AR R e o 1 A S X
HAF T, LUORIE e 2445 2 045 5 09 A 20, DA B 27 XL
Y RCORS BE IO HERA 1
3.2.2 FRERME

FEG T2, % 22 2 48 52 B 1 O8I0 5 AR 4 10 151
Jr R EINAS B AT HE Z R 25 . 7E VAD KGR E
b X XU AT B 25 4 BT, T LA K T XU 0L 5
P A AT SEPE o AE KU 5% 22 40 A b B R W) 62 A T U
A5 B A 1) UG 5 S B 4 15 2 A9 £ 1) KU 2 25
SUM T WG BR 22 e, W] L RIR N

e=Vd{0,)—V.(0), i=1,2,---,n, (13)
K V(0,) R V,(0,) 5 31k 50 £ 0, R B R A 1) XL
T UL A RN AR ) XU S AR 5 7 A A58 1 DR 4R
B AR ) XU 5 25 T AAT A5z e XU 40 A 1B S B
W) 2 R AEL =2 18] %) i 25 o TR B, 5 A2 g JRUekE 3% 25 11
PIE E SR AR ) WG 2 % 22 1T LA R AR N

21:1 ¢

e==— (14)

n
TE VAD S Bk A 38 o % A2 ) XU % 22 1A% [
A Y- 38 % 2 U I R S o U o Y S RO
AT i 55 A 1) R 0L B RS . ELAR ) B Ok
S LA B A T GG B 22 K TR Y (B
ZEAE LR S K B s R — A K
Pt A B0 00 A5 ) XU 34 8% 25 K TR 1Y 1 (R

2401002-4



A% ZH B D e R I SR
3.2.3 IR AFERALE
B BAEAT R r E Oh 225 e P s R B AT

RO 1B LI B R He AT AR R

N.
=N
A N WA RO R385 N WL R8s s . >R
17 W L I 75 Bk 2 I L 12 0 A o) XU ) 400 (B A7
ot ] B, 2R S K S B T R BUR A S S
SRR RO — E R R RS . 7R MR T R —
(L, 3 4 il a5t I A 3R S O 0 a1
S 249 A B 110 245 SR 0 i TG v S M B AU X ] A5 A
Boo DI, 747 B P2 i e, 75 2000 G SO A AR
IR o 4 o) X Al S A Y R

4 i b SEe 5% iRk

4.1 B\ LB HR
SCHP R R TR 10 m TR AR Y T R 2 KL

(15)

Te

242 3% 524 81/2022 £ 12 B/R¥EEHR

Ik 2R G0 v X 0 ] A DU £ e I o I O vk R AT
BF . 20214F5 H —11 A, Ey7 U0 KBEOL ik &4
A AR i 1 XU 3 v AR S K PR 29 30 mo AR A
HRBLA G0 Dy I XU AL % 0 3 S R DA AR L
BERERRE, FHREN 3.0 m/s. R
SR IR SR 7100 AR 0 DU 3 R £ 3% i R4 8 (DBS)
A (45 B A I 5 A 11 B R 90°) A5 =X 5 B X XL 37 1)
AT P SO0, 5 B — A & 90 PN 4 A A 1) I ) 2
4 s, ] DARE A UL 00 5 30 9 R A B A1 P S T B R
2o BRI KOG E AR B I Rk 10~
300 m. I B 37 2 %% A I A EE RN s 2O R A
TG bR K T RCECHE 1 O R Ok R A
Fb X ERUE 9 2 2 H0dE o I XU AN ot R R i
124 F5 F , Hirp 33.53.63.73.83.88.,93 m i B 4b A %L
i e ) XS I, 103,133 ,183.,233.,283 m Ab Y
i RO IR, F N EE R RS R 3
FER o

®3 SHUAMNEEE AR

Table 3 Key technical specifications of reference instruments

Parameter

Offshore wind tower Fixed wind lidar

Height range of wind measurement /s
Measurement range of wind speed /(m-+s")
Measurement range of wind direction /()
Accuracy of wind speed measurement /(m+s™")

Accuracy of wind direction measurement /(°)

30-100 30-300
0.3-75.0 0-75
0-360 0-360
0.2 0.1
1 1
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Fig. 4 Horizontal wind speed and wind direction measured by floating wind lidar, offshore wind tower and fixed wind lidar on June 25,

2021. (a) Horizontal wind speed measured by floating wind lidar; (b) horizontal wind speed measured by offshore wind tower

and fixed wind lidar; (c) difference of horizontal wind speed; (d) wind direction measured by floating wind lidar; (e) wind direction

measured by offshore wind tower and fixed wind lidar; (f) difference of wind direction
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