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Fig. 1. Principle of modal filtering using warping.
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Fig. 2. Flowchart of inversion.

3 EXHCE AT
3.1 *%ll_.\ Hﬂék*ﬂiﬂy

S P SEZB6 A DX () S HB A L P30 SP 3475
FER 105 m. [ 3 SEEG I X [~F- 35 75 5 T

PR IEVRE 50 m, B &1 kg M HER
BRI BN 1 = 36 km Fl g = 49.5 km [

JEFVRIAT . B4 TEEE Nr, = 36 km,
TRIEEN 48 m BI7K W 8 32 0 B 1915 5 I 3838 T A if
AP

MK 7 95 00 B A0 T R AR e S it —
PEES AL SR G, AEARIRBL (f < 200 Hz) B 4 B L2540
I 2670 B PR, Ferb 2y BT ) 45 B A A A A A 47k
fIR RS TR S EUE B, S 2 BT R

ARSI ), T IR S B, 18
H warping A& #x 5 AR P IR AR B e 2E AT Ak

° )
\
i

20

40

80

100

120
1528

1530 1538 1540

B3 Sl DR 7 ) T
Fig. 3. The average sound speed profile in the water

column corresponds to in situ measurements.

174302-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 64, No. 17 (2015) 174302

0.8
0.6
0.4

0.2
=
0

AR

—-0.2
—0.4

—0.6

-0.8 . : ; :
25.0 255 26.0 265 27.0

Isf1a] /s

24.0 245

Ka  (MTIRE) BEEY re = 36 km FIBRIE 5 5 IR S8 BR A A3

24.0 24.5 25.0 25.5 26.0 26.5 27.0
18] /s

(a) RHBIE; (b) B HIE

Fig. 4. (color online) The received explosive signal at 71 = 36 km: (a) the time domain waveform; (b) the

time-frequency diagram.

40 20
35
0
30
o 25 —20
~
E 20
g
R 15 —40
1
0 —60
5
0 —80
0 2 4 6 8
I5f18) /s

5 (IR T84 HENERS 528 warping 25 (R 451

40 20
35
0
30
= 25 —20
~
5 20
X _
15 40
1
0 —60
5
0 —80
0 2 4 6 8
$1E) /s

(a) r1 = 36 km; (b) r2 = 49.5 km

Fig. 5. (color online) The time-frequency diagram of warped explosive signal: (a) r1 = 36 km; (b) ro =

49.5 km.
200 20
(a)
0
150
N —20
E 100
B
K —40
50 —60
0 —80
0 0.5 1.0 1.5

) /s

6 (T

200 20
(b)
0
150
N —20
E 100
i
e —40
50 _60
0 —80
0 0.5 1.0
) /s

) SR B & I (a) 11 = 36 km; (b) 72 = 49.5 km
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Pig/kHz 0.1 0125 0.16 0.2 025 0.315
a/(dB/A)  0.08 0.09 011 012 0.13 0.15
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Abstract

Acoustic propagation in shallow water is greatly influenced by the properties of the sea bottom. The dispersion
characteristics of modes are relatively sensitive to the bottom parameters and have been used to invert the bottom
parameters. Since the inversion error using a single wideband sound source increases with increasing range, a far distance
inversion method based on the modal dispersion curve using a single hydrophone with two wideband sound sources is
presented in this paper, in which a warping transform is applied so that it can accurately extract the modal dispersion
curve from the warped signal spectrum. Experimental data used for the inversion are acquired using a hydrophone of
vertical array in the South Sea of China during the Autumn in 2012. The transmitted signals are explosive signals,
and the bottom sound speed and density are inverted by matching the theoretical arrival time differences of various
modes and frequencies with those calculated using the experimental data. The attenuation coefficient is deduced using
the transmission loss data recorded in the experiment. A genetic algorithm (GA) is used for optimization search for
the parameter bounds. Inversion results demonstrate that the arrival time difference when using the bottom sound
speed and density show a high consistency with those obtained using the experimental data. Moreover, the attenuation
coefficient is nonlinear over the frequency band from 100 to 315 Hz. The validity of inverted parameters is evaluated
by the posteriori probability distributions, and the numerical results of arrival time differences calculated using the
inverted sound speed and density are in good agreement with those extracted from the other two wideband explosive
signals at different distances. In addition, the theoretical transmission loss calculated using the inverted attenuation
coefficient matches the experiment data very well. It is shown that the inversion scheme can provide a valid and stable

environmental estimation.

Keywords: geoacoustic inversion, two wideband explosive signals, modal dispersion, transmission loss
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