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Fig. 1  Terrain profiles
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Tab. 2 Simulation data of the database

S I ERIE/(107 mes ) RE(°) Je4i/(°) 7K /m ] /h PR Mg /m

1 8.12 95.67 6.08 -1 335 6.22 32.01
2 9.45 96.65 6.08 -1 333 34.19 72.58
3 10.08 96.25 6.08 -1 343 27.75 78.45
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Fig. 2 SVM time data scatter diagram and deviation probability chart
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Fig. 4 SVM amplitude prediction data scatter diagram and deviation probability chart
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Tab.3 SAR image data

75 EG G Je4i/°) RN Q) AKBm A AR IE/(107° mes™)
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2 SIA_IW_GRDH_1SDV 20180414T1151 6.081 96.86 1274 6.68
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4 SIA_IW_GRDH_1SDV 20180321T1151 6.080 95.90 1 346 9.82
5 SIA_IW_GRDH_1SDV 20180321T1151 6.080 96.87 1274 10.05
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Fig. 6 Comparison of SVM prediction time data and SAR
image time data
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Fig. 7 Comparison of SVM prediction longitude data and
SAR image longitude data
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Tab. 6 SVM amplitude prediction results

H@A RTICLE

e Hi SVM #ig I T 48 /m KEZI() A IR IR IE/(107 mes™)
1 o35y = e o 48.36 95.96 7.55
2 L~ A=+ 59.40 96.86 6.68
3 A0 A #I75 23.80 95.77 7.22
4 KT HR 64.96 95.90 9.82
5 R HWH 84.98 96.87 10.05

ik

ARSCHRE T — T T HLAS 2 ) R T PN ST i
FERE 0TS, S TIHT SVM B4k 2 B
P DI ST A% 15 O A Y S aE 4 BRI B X
TPXO7.2 152 B, LAY R NI bR 5030 744
Y5 A [ 947 3 B 14 M T gem B2 4 P 9 ST I 5001
HEARA iEat MITgem FEUTE T #17 B 0.05~
0.1 m/s BRI AE L S e R ot f2, S R4 T
7 584 S5 NS o SRJGHE 7 584 AU 43 A 55
57, 5 688 MR MUNZREARE, 1896 EHE MA 14k
Pito SR SVM Jrikdlisr 148 2 i pa il NS I %
R, AR (s AP, 2T SVM A9
PISL AL A FOMIAS A (1) B (RIS RL A R R 0.999 5, Mspe:
K 1.17%, Mag 4 0.22 ho (L EAAI ) R 47 0.999 1, Mppg
H0.016%, Myeh 0.015°, IRIGHEAIA) R 4 0.975 8,
Mape H 10.00%, Mag A 3.88 m,

SR J5 12 FH Sentinel-1A [ SAR FEMZ H 055 4 >k 56
AR ER P . @i SAR EMEXT AT, SVM
A T ) ERF () B A A T A% s 18] B0 B Moee A
8.43%, Mp 4 1.00 h, SVM AT ) 28 B F K%
ZEJE Mape M 0.072%, Mag 4 0.069°, SVM 19 i
P BHE X HR IR A 56.26 m, Fi b b A S BoE 4R
i 60 m, PIE LLEEER . BIL, SVM 42k &l
T S P I ST T8 A2 R TR0 RS R R AT R, R A i )
PRFNEE I PSR ] s e ik 2 2%

S Z ik

JiTRAE, AL R N RE AL A R PN 3 (M)

By R RS R, 2005: 1-4.

FANG Xinhua, DU Tao. Fundamentals of oceanic in-
ternal waves and internal waves in the China seas[M].
Qingdao: China Ocean University Press, 2005: 1-4.

B S, HET ARM i A UHOR W DT 7 N I A%
FERAEM R gL it [D]. 75 80 75 B BELTR %, 2013,
DUAN Ya’nan. Designing based on ARM embedded
technology to detect propagation characteristics of in-

[1]

Marine Sciences / Vol. 45, No. 5/2021

ternal solitary waves[D]. Qingdao: Qingdao University
of Technology, 2013.

i e e T AL A R AE B S LB S #r (D). b
AU R EBEERBE R, 2014

LIN Feilong. Characteristics and mechanism analysis
of internal waves in the northern South China Sea[D].
Beijing: University of Chinese Academy of Sciences,
2014.

OSBORNE A R, BURCH T L. Internal solitons in the
Andaman sea[J]. Science, 1980, 208(4443): 451-460.
HYDER P, JEANS D R G, CAUQUIL E, et al. Obser-
vations and predictability of internal solitons in the
northern Andaman Sea[l].
2005, 27(1): 1-11.
ALPERS W, HENG Wangchen, LIM Hock. Observa-
tion of internal waves in the Andaman Sea by ERS

Applied Ocean Research,

SAR[J]. European Space Agency, (Special Publication)
ESA SP, 1997, 414(3): 1287-1291.

JACKSON C. Internal wave detection using the mod-
erate resolution imaging spectroradiometer (MODIS)[J].
Journal of Geophysical Research: Oceans, 2007, 112:
C11012.

DA SILVA J C B, MAGALHAES J M. Internal solitons
in the Andaman Sea: a new look at an old problem[C]//
Proceedings of the Remote Sensing of the Ocean, Sea Ice,
Coastal Waters, and Large Water Regions. Edinburgh,
UK: SPIE Remote Sensing, 2016, 9999(999907).
SHIMIZU K, NAKAYAMA K. Effects of topography and
earth’s rotation on the oblique interaction of internal soli-
tary-like waves in the Andaman Sea[J]. Journal of Geo-
physical Research: Oceans, 2017, 122(9): 7449-7465.
SUN Lina, ZHANG lJie, MENG Junmin. A study of the
spatial-temporal distribution and propagation charac-
teristics of internal waves in the Andaman Sea using
MODIS[J]. Acta Oceanologica Sinica, 2019, 38(7):
121-128.

RAJU N J, DASH M K, DEY S P, et al. Potential gen-
eration sites of internal solitary waves and their propaga-
tion characteristics in the Andaman Sea-a study based on
MODIS true-colour and SAR observations.[J]. Environ-
mental monitoring and assessment, 2019, 191(Suppl 3):
809.

37



[12]

it

ZHANG Z, FRINGER O B, RAMP S R. Three-dimen-
sional, nonhydrostatic numerical simulation of nonlinear
internal wave generation and propagation in the South
China Sea[J]. Journal of Geophysical Research Oceans,
2011, 116(C5): C05022.

) H@ART/CLE

based on SVM method with the multi-source data[J].
Journal of Remote Sensing, 2006, 10(1): 49-57.

SH, SRS, FET SVM TN HL SR A I MR R
JEREE BIBFZE[T]. T HLS, 2019(10): 9-13.

WU Heng, YU Qiupeng. Research on prediction of local

[13] CORTES C, VAPNIK V N. Support-Vector networks[J]. voltage stability of electric vehicles based on SVM[J].
Machine Learning, 1995, 20(3): 273-297. Electrotechnics Electric, 2019(10): 9-13.
[14] sKHRZK, MIERH, WA, 5. JET SVM I ZIME [16] #iE, FR. F£F SVM ik rp 3T 35 R 24 150 2 S

S
S5 B ¥R 2 () 5 SRR 2 R[], 1R
#Z, 2006, 10(1): 49-57.
ZHANG Jinshui, HE Chunyang, PAN Yaozhong, et al.
The high spatial resolution RS image classification

2o

FE[I]. BUFH AR SN, 2020, 38(355): 48-49.

XU Juan, BIAN Liang. Research on Chinese spam pre-
diction system based on SVM[J]. Digital Technology
and Application, 2020, 38(355): 48-49.

The prediction of internal solitary wave propagation charac-
teristics in the southern Andaman Sea based on a support
vector machine

LU Ke-xiao, WANG Jing, WEI Xin
(College of Physics and Optoelectronic Engineering, Ocean University of China, Qingdao 266100, China)

Received: Nov. 5, 2020
Key words: internal solitary waves; MITgem numerical simulation; support vector machine(SVM); prediction

Abstract: Internal solitary wave (ISW) is a special type of internal wave. It occurs in density-stable stratified sea-
water and have strong randomness. Their occurrence location, arrival time, amplitude, and other parameters are
greatly affected by hydrology and other aspects of the external environment. Therefore, accurate prediction of in-
ternal solitary waves propagation is a recognized challenge. In this paper, a method is proposed to use the Massa-
chusetts Institute of Technology general circulation model (MITgcm) of ISWs to calculate abundant simulation data
and establish a database. A prediction model of ISWs propagation in the southern Andaman Sea based on a support
vector machine (SVM) is established using machine learning. Finally, the Sentinel-1 synthetic aperture radar (SAR)
images in the southern Andaman Sea are used to test the results of the ISWs propagation prediction model. The re-
sults demonstrate that the mean absolute percentage error of time (location) predicted by the prediction model of ISWs
propagation time (arrival location) based on an SVM is 8.43% (0.072%), and the mean absolute error is 1.00 h

(0.069°). The predicted amplitude range of the ISWs amplitude prediction model based on an SVM is 23.80~84.98 m.

(KX Rk ABEH)
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