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Figure 1 (Color online) Systematic diagram of high frequency
acoustic current tomography.
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Figure 2 (Color online) Jiulongjiang sea land interface. (a) Sound
velocity profile of Jiulongjiang sea land interface and (b) underwater
topography and high frequency multipath sound propagation.
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Figure 3 (Color online) High frequency acoustic tomography experi-
ments. (a) Underwater signals and (b) correlation analysis of instrument
A and B.
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Figure 4 (Color online) (a) Current measurement results; (b) velocity
reconstruction of high frequency acoustic tomography; (c) the
comparison of reconstructed and measured currents.

Horh, 250045983 BIH & REER, 5
T ARSI R O S HCE K. T ARENTR

EAGE. BRAN, X G R DUE LT
TUE AR ARSI A ML, R AT R S
MR TR T RFMLIER R, AW TR =~
JERTRT AL T/ ROBE R S Tl (KK B i 9, IFA
SN RBERT L UL G KA I AR AT A AU R
M5 1R, A HE R RSO I HE

SE 30

1

Paerl H W. Assessing and managing nutrient-enhanced eutrophication in estuarine and coastal waters: Interactive effects of human and climatic
perturbations. Ecol Eng, 2006, 26: 40-54

Geawhari M, Huff L, Mhammdi N, et al. Spatial-temporal distribution of salinity and temperature in the Oued Loukkos estuary, Morocco: Using
vertical salinity gradient for estuary classification. SpringerPlus, 2014, 3: 643

Jeffries K M, Connon R E, Davis B E, et al. Effects of high temperatures on threatened estuarine fishes during periods of extreme drought. J Exp
Biol, 2016, 219: 1705-1716

Ruberg S, Brandt S, Muzzi R, et al. A wireless real-time coastal observation network. Eos Trans AGU, 2007, 88: 285-286

De Serio F, Mossa M. Analysis of mean velocity and turbulence measurements with ADCPs. Adv Water Resour, 2015, 81: 172—-185
Pavelsky T M. Using width-based rating curves from spatially discontinuous satellite imagery to monitor river discharge. Hydrol Process, 2014,
28: 3035-3040

Blume T, van Meerveld I, Weiler M. The role of experimental work in hydrological sciences—Insights from a community survey. Hydrol Sci J,
2016, 62: 334-337

HuZ G, Li Z L, Qin J X, et al. The effects of the sloping bottom environment on sound propagation in deep water (in Chinese). Sci Sin-Phys
Mech Astron, 2016, 46: 094304 [WIIG[E, MM, 4N, 5. WRIBEIRFIT SN BTN R. T EE: WEE % RIE,
2016, 46: 094304]

Zhang R H, Li Z L, Peng Z H, et al. Overview of shallow water acoustics (in Chinese). Sci Sin-Phys Mech Astron, 2013, 43: 215 [5K/_ i1, 2=

024301-5


https://doi.org/10.1016/j.ecoleng.2005.09.006
https://doi.org/10.1186/2193-1801-3-643
https://doi.org/10.1242/jeb.134528
https://doi.org/10.1242/jeb.134528
https://doi.org/10.1029/2007EO280001
https://doi.org/10.1016/j.advwatres.2014.11.006
https://doi.org/10.1002/hyp.10157
https://doi.org/10.1080/02626667.2016.1230675
https://doi.org/10.1360/SSPMA2016-00078
https://doi.org/10.1360/SSPMA2016-00078
https://doi.org/10.1360/132012-834

ATRARSE. FREEL MBS )0 R0 2021 4F S S1 B 2 M)

10

15
16
17

20

21
22

23

24

25

26

27

28

29

30

31
32

33
34

R, I, S5 IR T SUHERE. P E B MBS J)5E RO, 2013, 43: 2-15]

Wang H Z, Wang N, Gao D Z, et al. On the relation between cross-correlation of reverberation and Green’s function in shallow water (in
Chinese). Sci Sin-Phys Mech Astron, 2013, 43: s106-s111 [ 4788, T2, mRiR, 5. PRI BRS¢ R B SRR B SR, P ERE: P
2 S RIC, 2013, 43: s106-s111]

Munk W, Wunsch C. Ocean acoustic tomography: A scheme for large scale monitoring. Deep Sea Res, 1979, 26: 123-161

Munk W H, Forbes A M G. Global ocean warming: An acoustic measure? J Phys Oceanogr, 1989, 19: 1765-1778

Behringer D, Birdsall T, Brown M, et al. A demonstration of ocean acoustic tomography. Nature, 1982, 299: 121-125

Mikhalevsky P N, Baggeroer A B, Gavrilov A, et al. Continuous wave and M-sequence transmissions across the Arctic. J Acoust Soc Am, 1994,
96: 3235-3236

Munk W H. Acoustic thermometry of ocean climate. J Acoust Soc Am, 1996, 100: 2580

Luo J, Karjadi E A, Badiey M. High-frequency broadband acoustic current tomography in shallow water. J Acoust Soc Am, 2008, 123: 3914
Lin J, Kaneko A, Gohda N, et al. Accurate imaging and prediction of Kanmon Strait tidal current structures by the coastal acoustic tomography
data. Geophys Res Lett, 2005, 32: L14607

Taniguchi N, Kaneko A, Yuan Y, et al. Long-term acoustic tomography measurement of ocean currents at the northern part of the Luzon Strait.
Geophys Res Lett, 2010, 37: L07601

Taniguchi N, Huang C F, Kaneko A, et al. Measuring the Kuroshio current with ocean acoustic tomography. J Acoust Soc Am, 2013, 134: 3272—
3281

Zheng H, Gohda N, Noguchi H, et al. Reciprocal sound transmission experiment for current measurement in the Seto Inland Sea, Japan. J
Oceanogr, 1997, 53: 117-127

Kaneko A, Syamsudin F, Adityawarman Y, et al. Recent progress in coastal acoustic tomography. J Acoust Soc Am, 2016, 140: 3135-3136
Zhu X H, Kaneko A, Wu Q, et al. Mapping tidal current structures in Zhitouyang Bay, China, using coastal acoustic tomography. IEEE J Ocean
Eng, 2013, 38: 285-296

Zhao H F, Wang F Y, Zhu X H, et al. Ocean acoustic tomography: Current progress and future prospect (in Chinese). J Ocean Technol, 2015, 34:
69-74 [T, VEAE 5, SR/NE, A5 R 2 ENTIF FOIR 5 R B, MR 244, 2015, 34: 69-74]

Dong M H, Zhang C Z, Zhu X H, et al. Research progress of costal acoustic tomography for current measurement (in Chinese). J Ocean Technol,
2015, 34: 112-119 [FE&H B, FRALIE, S, 55 NGRS A ST SR, W EoR 4R, 2015, 34: 112-119]

He L, Li Z L, Zhang R H, et al. Empirical orthogonal function representation and matching field of sound velocity profile in East China Sea (in
Chinese). Prog Nat Sci, 2006, 16: 351-355 [ F], Z=%&bk, SRATHN, S5, 7R v [ g Al 1T O 2290 1E AT R R 5 UL IRC I S 1 ARR) 2 ik
J&&. 2006, 16: 351-355]

Liao G H, Zhu X H, Yang C H, et al. Numerical simulation study on inversion of two dimensional flow field using acoustic ray travel time (in
Chinese). Acta Oceanol Sin, 2009, 31: 8-16 [BIGHt, 4/NE, ¥, 4. 25T 75 A& 5 0 8] 19— 4E 937 S R B 07 BT 8. 4R, 2009,
31: 8-16]

LiJL, Xu W, Jin L L, et al. Study of acoustic tomography based on data assimilation for shallow water environments (in Chinese). Acta Acust,
2012, 37: 10-17 [FEHI, 130, SMIFE, 5. BB T8 RS ZMITIART T, 2240k, 2012, 37: 10-17]

Liao G H, Zhu X H, Lin J, et al. Observation technology and methods of ocean acoustic tomography (in Chinese). Acta Oceanol Sin, 2010, 32:
14-22 [BOGHE, AR/ME, ARE, &5 M A ZHT M EOR M i, 4R, 2010, 32: 14-22]

Kawanisi K, Razaz M, Kaneko A, et al. Long-term measurement of stream flow and salinity in a tidal river by the use of the fluvial acoustic
tomography system. J Hydrol, 2010, 380: 74-81

Kawanishi K, Kaneko A, Nigo S, et al. New acoustic system for continuous measurement of river discharge and water temperature. Water Sci
Eng, 2010, 3: 47-55

Zhao Z, Zhang Y, Yang W, et al. High frequency ocean acoustic tomography observation at coastal estuary areas. AIP Conf Proc, 2012, 1495: 360
Yu X, Zhuang X, Li Y, et al. Real-time observation of range-averaged temperature by high-frequency underwater acoustic thermometry. IEEE
Access, 2019, 7: 17975-17980

Yu X, Zhang Y. Ray chaos in an architectural acoustic semi-stadium system. Chaos, 2013, 23: 013107

Guo Y J, Lin S, Zhang Y, et al. Acoustic study on real-time monitoring of hydrologic parameters in estuaries (in Chinese). J Xiamen Univ (Nat
Sci), 2016, 55: 876-880 [#RECH, Ahka, 5K, . W RIS H 075 S BT 72, BT TR R (E 2RRHERR), 2016, 55: 876-880]

024301-6


https://doi.org/10.1360/132012-833
https://doi.org/10.1016/0198-0149(79)90073-6
https://doi.org/10.1038/299121a0
https://doi.org/10.1121/1.411368
https://doi.org/10.1121/1.417516
https://doi.org/10.1121/1.2935922
https://doi.org/10.1029/2005gl022914
https://doi.org/10.1029/2009GL042327
https://doi.org/10.1121/1.4818842
https://doi.org/10.1121/1.4969824
https://doi.org/10.1109/JOE.2012.2223911
https://doi.org/10.1109/JOE.2012.2223911
https://doi.org/10.1016/j.jhydrol.2009.10.024
https://doi.org/10.1109/ACCESS.2019.2894341
https://doi.org/10.1109/ACCESS.2019.2894341
https://doi.org/10.1063/1.4772969

ATRERAE, PE B B S RO 2021 0 B S1 B B2 M)

35

36

Adityawarman Y, Kaneko A, Nakano K, et al. Reciprocal sound transmission measurement of mean current and temperature variations in the
central part (Aki-nada) of the Seto Inland Sea, Japan. J Oceanogr, 2011, 67: 173-182

Yang S L, Lin L, Hu Z Y. Change of flow characteristics at Jiulongjiang Estury under different runoff (in Chinese). Water Res Power, 2017, 35:
52-57 [Wp e e, ARB, SHEARH. 2R AL AR IR BT DR BN R s /K B REVE L, 2017, 35: 52-57]

Study of high-frequency acoustic current tomography
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The sea-land interface is the most concentrated region of human marine development activities, and online monitoring of
river current is very important for material flux and ecosystem evolution. In this study, the high-frequency acoustic
current tomography of sea-land interface was studied. Based on the principle of acoustic reciprocity, the acoustic
inversion algorithm of current was investigated. The experiment was carried out on the Jiulongjiang sea-land interface in
Zhangzhou. The high-frequency transducer, with a center frequency of 60 kHz and bandwidth of 40-80 kHz, was used.
According to the sound speed profile and underwater topographic survey, ray acoustic simulation was performed to
reveal high-frequency sound propagation. The experimental results showed that the acoustic signal has high-signal
amplitude and peak value of cross-correlation, which can be used to reconstruct the current of the river. Real-time
monitoring of the river current during the typhoon “haibeisi” was achieved. The results showed that high-frequency
acoustic tomography can be applied to the study of hydrodynamics of sea-land interface, hydrological measurement, and
monitoring of extreme events, such as flood peak and heavy rainfall.
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