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Estimation of current speed from ocean ambient noise

WANG Kail?2 LI Fenghua! YANG Xishan'

(1 Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For the observation of short-time ocean current, a method for estimating the velocity of ocean
current using ambient noise is proposed in shallow water based on the passive acoustic tomography. The energy
accumulation of noise cross-correlation functions can be increased by beamforming. The empirical Green’s
functions between two horizontal arrays are extracted from the noise cross-correlation functions, and the time
arrival structures of the empirical Green’s functions are used to invert the current velocity between arrays.
By processing the experimental data, the empirical Green’s functions and current velocities are extracted for
2 hours, and the velocity variation of ocean current can be observed. The simulation demonstrates the feasibility
of the method in this experimental environment, and the mismatch of depth and range is analyzed. Its effect
is negligible.
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Fig. 6 The simulated eigen rays trajectory based on the ray theory



268 /éﬂ}%'?

2022 % 3 A

2 3 BT AN IR IR R P 2% AT TR 0T 3 I THI J
S YA R IS ) 0 SR 2 RS2, Az N IER IR
BRI VA SRS VR KT SE B IR UK B, 07 T 240
531 W88 M R REBOE NEE 1 m/s. 7]
LA 3 o R B S UG A8 T R R e ox 1E S i) 75
FERRIT R 2 M /N o BARIE T TSR 48 22, W] LAYH
BRE ;iR 22, (A0 BN A8 22 K RE 58 4 bR iR 22 I
0.1 ms M AE 72 2 K 7 2K £ 0.033 m /s BILE AL T
W T HERYEA ST, 5 m A A R R
TiC P B 2 0 TRl M S T 225 SR R 0kt 52 s 2 B
T, S 22 308 6V JEC T M L VR BE AR (RT3, SRR
b I Y KR P 5 DA S A B A 1 R AE U0 S 78 45 SR
(v Rf P

[FJREAE SEBG PR o, AW 27 1) B e s A A
2 512 o AR R PR 7 AR R 2, 38 I SR A R
PR BIRE RS, BT BRSSP T I A T 4
PR SR R AT T A B AR AFIE 41 100 m BR
BEILEN TR SIS R R, b Ad N IER IR TT
BRI R BS OK bR EE 5. A LAE BRI EE B &
100 m BJH BN, 1E Sl P AL SR ) A FH B R 2, (5
T SR SE 2, P AR 22 W] LU BR . ARSI
T PR B AN E MR /N T 100 m, PRIGEE B8 Bk
PR Al THRG L SEIAR /N, —FRAE O W] LA

#=3 AEBRHEREER
Table 3 Results of simulation inversions
with different sea depths

Az/m IEF'EM?}%HTJLI‘EU fif’ﬂﬂﬁ:}‘%ﬁl‘ﬂ S RZE
7 /ms 7 /ms (m-s™1)
5 3.2 3.3 0.033
2 1.3 1.3 0
1 0.6 0.7 0.033
0 0 0 0
-1 —0.7 —-0.7 0
—2 —1.3 —1.3 0
-5 —3.2 -3.3 —0.033

F4 AEHEBHERESER
Table 4 Results of simulation inversions

with different distances

IERARSERIT emf R RIERZE/
Ad/m s .
%7 /ms ®% /ms (m-s~1)
100 64.2 64.2 0
0 0 0 0
—100 —64.2 —64.2 0

4 5

ASCHE T — R 9 e T B B R S L AH
KRB T HE R ROE R T . A TTVEIET R ETIR
B, SR ARE R N fE AR R, T LAZE 2 hiisf e R
FE P9 B O A B e 5 EAH DG BRAIG THRRTE IE R
PR T7 T b R A B 5 B B[] IR 254, S A%
THHAE 2 h IR R IE, M T DO 37 3 45 K 1
(AR b 3 s T OB A THE AR ARG T s
NI 7 25 51, H AR 07 B S48 B — 3 4
VR TKTR P R 3 4 T 45 22 o 9 Ay TH RS B B )N,
A 2% o JE TR E AT R, A B e S ] DA
A RSB A TR R

AR SCBEAT A R 7 2 2 5 e A D) X v
TRIEAT S [R5 (000 5, 5 R 0 S 56 8L 1 S I
TIE, FH DO E VIR S 00 e v 45 SRR S . ek, S
36458 FH 1) 7K W 38 SR A %8 5000 Hz, 0k 2 i ] %
FEMERE N 0.2 ms, [FUL H A7 A BEX i s 1 2 1k
FEIAHEAT R EOWM , J5 552 S50 5 388 1ot ff P B s SR
SRR, SR SR A B 11 75 A% R T (], DA S I
Y IR 1T R R A T

& £ X M

[1] Wenz G M. Acoustic ambient noise in the ocean: spectra
and sources[J]. The Journal of the Acoustical Society of
America, 1962, 34(12): 1936-1956.

[2] Munk W, Wunsch C. Ocean acoustic tomography: a

scheme for large scale monitoring[J]. Deep Sea Research

Part A. Oceanographic Research Papers, 1979, 26(2):

123-161.

Morawitz W M L, Sutton P J, Worcester P F, et al. Three-

dimensional observations of a deep convective chimney in

the Greenland Sea during winter 1988/89[J]. Journal of

Physical Oceanography, 1996, 26(11): 2316-2343.

[4] WO, R, WAL, F TG re S RN 7 iR A AU SO BT
F [C]. 20167 Hh [ PG H A5 22 R AT 2 18 SCER, 2016.

[5] Kaneko A, Yuan G, Gohda N, et al. Optimum design
of the ocean acoustic tomography system for the Sea of
Japan[J]. Journal of Oceanography, 1994, 50(3): 281-293.

[6] Zhu X H, Kaneko A, Wu Q, et al. The first Chinese coastal

acoustic tomography experiment|[C]//OCEANS’10 IEEE

SYDNEY. IEEE, 2010: 1-4.

Taniguchi N, Huang C F, Kaneko A, et al. Measuring

3

[7

the Kuroshio Current with ocean acoustic tomography|(J].
The Journal of the Acoustical Society of America, 2013,
134(4): 3272-3281.

[8] Taniguchi N, Kaneko A, Yuan Y, et al. Long-term acous-

tic tomography measurement of ocean currents at the



55418 5 230

TS

A PR PR S 7 i PR AT

269

[9]

(10]

(11]

(12]

(13]

northern part of the Luzon Strait[J]. Geophysical Re-
search Letters, 2010, 37(7): LO7601.

Roux P, Kuperman W A, NPAL Group. Extracting co-
herent wave fronts from acoustic ambient noise in the
ocean[J]. The Journal of the Acoustical Society of Amer-
ica, 2004, 116(4): 1995-2003.

Godin O A. Recovering the acoustic Green’s function
from ambient noise cross correlation in an inhomogeneous
moving medium[J]. Physical Review Letters, 2006, 97(5):
054301.

Godin O A, Irisov V G, Charnotskii M I. Passive acoustic
measurements of wind velocity and sound speed in air[J].
The Journal of the Acoustical Society of America, 2014,
135(2): EL68-EL74.

Sabra K G, Roux P, Thode A M, et al.

ocean ambient noise for array self-localization and self-

Using

synchronization[J]. IEEE Journal of Oceanic Engineering,
2005, 30(2): 338-347.

Godin O A, Zabotin N A, Goncharov V V. Ocean to-
mography with acoustic daylight[J]. Geophysical Research

14]

(18]

[16]

(17]

(18]

Letters, 2010, 37(13): L13605.

Li F, Yang X, Zhang Y, et al. Passive ocean acoustic to-
mography in shallow water[J]. The Journal of the Acous-
tical Society of America, 2019, 145(5): 2823-2830.

PG, AL, AL, A R T T IL R R IE AT (). 1
VERLHERE, 2017, 35(1): 53-61.

Lu Yan, Li Zewen, Li Shujiang, et al. Subtidal curent
in the southeast of shore area of Hainan[J]. Advances in
Marine Science, 2017, 35(1): 53-61.

XA, 8508, K 2R (M. WA RV WA JRTEAR AN Tl
B th ik, 1993.

Jensen F B, Kuperman W A, Porter M B, et al. Compu-
tational ocean acoustics[M]. Des Moines: Springer Science
& Business Media, 2011.

BASF, ZE30As. ADCP 75 I s Uit i 1) TR ASC7E g 2 B 45 H
53 [J]. RS 0IR, 2004, 28(4): 341-344.

Hu Ping, Li Wenjie. The application of ADCP to marine
environmental monitoring and evaluation[J]. Geophysical
and Geochemical Exploration, 2004, 28(4): 341-344.



	Abstract
	1理论
	Fig 1

	2实验
	2.1 实验描述
	Fig 2

	2.2 数据处理
	2.3 实验结果
	Fig 3

	2.4 实验分析

	3射线理论仿真
	3.1 仿真与结果
	3.2 误差分析

	4结论

