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Fig. 1 Basic structure of wind speed inversion neural network
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Fig.2 Buoy position used for network training and testing
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Fig.3 Wind speed inversion results of artificial neural network
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a. Comparison of wind speed inverted by ANN and wind speed measured
by buoys; b. scatter plots of wind speed inverted by ANN and wind speed

measured by buoys
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Fig. 5 Comparison of wind speed root mean square error and

correlation coefficient inverted by two networks

4 TEIREEN AR

W B VN 2 Ay XU 12 BB IR 4% 10 P 58] 1 A0 o s A
AbE e HEAT XU B T . B 6 45 T 2013 A F I
K2 TF e 1) i 485 =0 001l U 7 38 OSMAR-S T4
SEES YA B, R HON IR TR IR B FE A B, TR A 6
XABEA A, B, C. D, E5 M iFhr. B8 TSR N
13 MHz,

T B R 25 [ AR U R A AR T I R 1 T 4
I FH A S M R, SR AR I SR B il S B
TR M2, i I R, B 74T
C VFARAL I KGR B BRZE L, A3 B A AR IR 220 1.64 s,
FHOC R ECH 0.938, 7EXGE KT 3 my/s B, KUH FL i 9
R PEAE R = .

T b XU B8 B 25 S 100 W H 35 [ R U6 5 TR b A0
YINZR A5 30 110 IR TR0 266 7 A 80 AT A I 0 1) 3
FHE . BH U, i 2R 7R 3 I A5 9 TR v AN XU S 800]
BT, T 3 2ok gt ) 46 sz i A5 ) o 0 ) XU L O el R R

117°30"  117°45' 118°00"  118°15" 118°30'E

2412}

24°00" |

* By

23°48'

23°36'

Y D
23024' | % Eifi

23°12'

Pl 6 e e S e i PO
Fig. 6 Geographic location of experiments in the Fujian adja-

cent waters

K (13- F3%-CiFH7)

' i
151 a : WY
! —— F

i

0 . . . . . A
01/29 02/04 02/09 02/14 02/20 02/25 03/02 03/07
i (A/H)

% ZE %L 0.908 IR 1.64 m/s

20

w
T

T X /mes !

0 5 10 15 20
iR /m-s™!
Bl 7 CiEbrkb ANN RUH i 45
Fig. 7 Wind speed inversion result of ANN at C buoy
a. ANN S XU 5 77 Rl 42 XU 31 B 68 1L 5 b, ANN S i XU 5
T I e XU
a. Comparison of wind speed inverted by ANN and wind speed measured
by buoys; b. scatter plots of wind speed inverted by ANN and wind speed

measured by buoys



154

M2 4148

[ gz 2238 5 A0 A 81 0 A R e . P BT R AL P8
DR ) B30 A0 i A\ 2 D) % AT X S T, 4 R K] 8
o [l 8a 2t T TR IR B B A B A i 48 D) 45 IR
S 25 S SMB R i 8 25 L, ok b BOHE ok B
C FAR LR A KGEAE . & 8b A ik Bl i A A5 2 1Y
Pt 25 I 245 JRUEE B2 38 45 2R 5 CVF b e si XU 19
&l o Pz P 2% i it A 3 7 AR IR 220 2.11 m/s, “F- 43
PR 250 1.71 m/s, FH2C R AR F 0.849, 1 SMB J5 ik 1)
By MR 2208 2.93 my/s, V- 3494k 25 8 2.23 m/s. AHEL T
FARSCY T 0 R R RO A B AR T, B
WKGE R 3~6 my/s I I A i .

5 %

T = 99 7 A R, B A T PR 1Y S AR 1 LA K it THT
B 19 52 e e A5 AR M 5 R 7 e 1 e TR AL
SR A S i 1 E S R LS WY AN 2 i
DA T T 7, N TR R 2 R K 2 T L TN
eI B R W EEFENEESHE
A 2 [] A 2 Pk W S i A A B A A AR SR
4) B3 R o 2 I 4% A S T A R v L SRR R A
1 XU ) DA R e ) R 2R S R 2 ) A A P
8 3o X Ao 42 ) 4% A I UE B T X — IR 8% A R e R
RAF Bz Ak Be Ty, BT LATE )2 0 B[R] R0 2 (8] 5 P fef
o bR KU 4 B X L 25 R W, A X T SMB 7
TR % R e i) PR 25 A Ao 22 T 44 XL 00 9, AR SC
o5 0 O i L AU R IBOPE R A I W . R 2 I
S5 I 45 %k B 3 AR i A b 0 Y 38 OSMAR-S A 5 5
BHE AT A0 F, B IO ) RUHAR X T IR AR 1 S KU iR
2R 2.11 m/s, FHCRELAT LIS F) 0.849, THINSLIR 4,
S UE T 3 — 77 ¥ 7 52 3 e A0 e s XU R 3 ) AT
171k

S

Rt (13-T4%)

ok . . . . . . .
01/30 02/04 02/09 02/14 02/19 02/24 02/29 03/05
R (H/H)

KRB 0.849 YA R 2.11 m/s
20 . , ,

b

Ju—
W
T

T X /m-s™!
=

AR XE /mes™!
[ 8 3 S 0 XL i 45 2R
Fig. 8 Wind speed inversion results of radar experiment
a. T 1 52 98 R U XU 5 I b XU S X L s b ANN R U 5 7
T ALY 51 P
a. Comparison of wind speed inverted by radar experiment and wind
speed measured by buoys; b. scatter plots of wind speed inverted by ANN

and wind speed measured by buoys

Bof: RAMENTAZHD FHERM 2013 FRAEE
BT AT B

(1] T, ARZR, XU, 47, B e ja i & WIREUE S P B R TS 0], P27, 2017, 39(7): 70-79.
Wang Qisong, Deng Jiaquan, Liu Cheng, et al. Application of superimposed wind fields to the hindcast modelling of typhoon-induced
waves in the South China Sea[J]. Haiyang Xuebao, 2017, 39(7): 70-79.

(2] FBF, VA, o, 55, KRR Tt VL B AR e R BB SO, W P42, 2018, 40(9): 1-17.
Zheng Jingjing, Liu Guimei, Gao Shan, et al. The impact of river discharge and wind on the hypoxia off the Changjiang Estuary: A nu-

merical modeling study[J]. Haiyang Xuebao, 2018, 40(9): 1-17.

[3] Barrick D E. Extraction of wave parameters from measured HF radar sea-echo Doppler spectra[J]. Radio Science, 1977, 12(3): 415-424.

[4] Lipa B, Barrick D. Least-squares methods for the extraction of surface currents from CODAR crossed-loop data: application at
ARSLOET[J]. IEEE Journal of Oceanic Engineering, 1983, 8(4): 226—253.

[5]  Zeng Yuming, Zhou Hao, Lai Yeping, et al. Wind-direction mapping with a modified wind spreading function by broad-beam high-fre-
quency radar[J]. IEEE Geoscience and Remote Sensing Letters, 2018, 15(5): 679—683.

[6] Bretschneider C L. Forecasting relations for wave generation[J]. Look Lab Hawaii, 1970, 1(3): 31-34.

[7] Kinsman B. Wind Waves: Their Generation and Propagation on the Ocean Surface[M]. New York: Dover, 1984.


http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2017.07.007
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2017.07.007
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2017.07.007
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2018.09.001
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2018.09.001
http://dx.doi.org/10.3969/j.issn.0253&#8722;4193.2018.09.001
http://dx.doi.org/10.1029/RS012i003p00415
http://dx.doi.org/10.1109/JOE.1983.1145578
http://dx.doi.org/10.1109/LGRS.2018.2809558

114

SRS FE TN Tl 22 0 45 ) e 40 T A XL 2 155

(8]

(9]

[10]

[11]

[12]
[13]

[14]

Hasselmann K, Barnett T P, Bouws E, et al. Measurements of wind-wave growth and swell decay during the Joint North Sea Wave
Project JONSWAP)[R]. Hamburg: Deutsches Hydrographisches Institut, 1973.

Mathew T E, Deo M C. Inverse estimation of wind from the waves measured by high-frequency radar[J]. International Journal of Re-
mote Sensing, 2012, 33(10): 2985-3003.

Shen Wei, Gurgel K W, Voulgaris G, et al. Wind-speed inversion from HF radar first-order backscatter signal[J]. Ocean Dynamics, 2012,
62(1): 105—-121.

Zeng Yuming, Zhou Hao, Roarty H, et al. Wind speed inversion in high frequency radar based on neural network[J]. International Journ-
al of Antennas and Propagation, 2016, 2016: 2706521.

Haykin S. Neural Networks: A Comprehensive Foundation[M]. New York: Prentice Hall PTR, 1994.

Rumelhart D E, Hinton G E, Williams R J. Learning internal representations by error propagation[R]. California: California University
San Diego La Jolla Institute for Cognitive Science, 1985.

Heron S F, Heron M L. A comparison of algorithms for extracting significant wave height from HF radar ocean backscatter spectra[J].
Journal of Atmospheric and Oceanic Technology, 1998, 15(5): 1157-1163.

Wind speed inversion of high frequency radar based on
artifical neural network

Cai Jiajia', Zeng Yuming', ZhouHao', Wen Biyang'

(1. Electronic Information School, Wuhan University, Wuhan 430072, China)

Abstract: Wind speed is one of the important ocean state parameters. Accurate extraction of sea surface wind speed

is an important guarantee for achieving marine environmental monitoring and coastal engineering applications. At

present, as an emerging marine environment monitoring device, high frequency radar still has challenges in wind

speed extraction. This paper proposes a wind speed extraction method based on artificial neural network which can

be trained by historical sea state data measured by buoys to achieve non-linear mapping among wind and effective

wave height, wave period, wind direction, and time. The test results show the stability of the trained network both

in time and space and the trained network was applied to the wind speed inversion of the high frequency surface

wave radar, OSMAR-S. The correlation coefficient between the inversion wind speed and the measured wind speed

of the buoy reaches 0.849, and the root mean square error is 2.11 m/s. This result is significantly better than the con-

ventional SMB method which inverts the wind speed from wave height, and verifies the feasibility of this method in

high frequency radar wind speed inversion.

Key words: wind speed inversion; artificial neural network; high frequency surface wave radar
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