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plane wave expanded by the polynomial chaos in frequency-
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Table 1.  Hydrological conditions of Pekeris wave-
guide and acoustic source parameters.
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Fig. 2. Acoustic transmission loss at different horizontal
ranges with the depth of 100 m in Pekeris waveguide.

Circled points are partial local maximum points.
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with the depth of 100 m in Pekeris waveguide. Circled

points are partial local maximum points.

FEV AR I, A RHLZ T2 7 A 04)
TR 2 B SRR IR EE L KO (R 2553
PR BRI Rt ATL 22 3 X AT R A G, A it
Srh FEVRBE 5 ) I 25 43 B O AR KICH TE AR AL
Z, KT ) 22 43 B RS RO TR X, Bl
L2 TR EC Q (W W BB 22 3 X JE T
BWHCRmIN N, Q5 NSRRI (2) ), Bikm
B M) 52 A=y

O([Z x Q)" x X), (15)
Hh 240 o I THBTRIR N, 250 < N <105,
a BB 1.00 < a < 1.34.

it FH LT Ay R ks g i, BBOH G
B ISR | L A [ 48 AR DX R AN [ A% 1Y
BT A48 DU Y. it R e
M S ECE R X)L ) A R 4385 H A G BT
JEEAE L WS | Fb R XA K43 A A K E AR
], JE M IEHEEL Y, BE T A il [T 48 2% 1 b 75 g i
RN NN =R )

O(ZxXxY?). (16)

P 4 3t s 75 58 Hh iR 2 800 1R RS K
Y IUE A 50, FEALZ IR IT B R N B[]
(B ot D8 2R ik 5 AL 22 T QR T s 3 2 R
Z LB 7 R IAA AR TR LA BRI A K Z /Y
ARAG L. R, e Dy 1% 3k i S A R MRS K
Y —%E, BEHLZ IR ITT5 i i WAk N A
Y77 REDRIET7 1) L 1) 5 B R AR 5 7 BN, AL

TR I AT RO SR . FE i |
WEET, ST RS S R R T 1) R
RLRIREL Z 0N, BENLZ IR0 P B ) T
AR Ol D A Z0E A ORAR T A A R
N < 6,7 < 6000 i}, BENLZ 007 140 Lo Dy ik i)
RN ES TR 6

104

10° F

102

|
=
il
=

[
SN ENIGURN]

10t

Zzzz 20

t

R W S RENL S IR B H U

%

100 ! . X
0100 102 104 106

R 2T 18] 2253 PR B =
4 AIFBEYLZ WM N, A R T 16 2 73 M)
B ZT, kS EI U IFE T RS R EZ
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Fig. 5. Sound speed profile used in the simulation case.
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Table 2. Average inversion errors under different signal

to noise ratios.

{5 /dB 0 5 10 15 20
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HEIKHE A (p)

2.63 1.76 1.13 0.71 0.50
0.09 0.04 0.02 0.02 0.01
0.10 0.05 0.03 0.02 0.01
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Table 3. Average inversion errors under different hori-
zontal distances.
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Fig. 6. Errors of geo-acoustic inversion results for (a) sound
speed, (b) attenuation and (c) ratio of density under different

truncated powers of polynomial chaos.
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Table 4.  Calculation time of geo-acoustic inversion using method of traversing and polynomial chaos expansion.
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Fig. 7. Geo-acoustic inversion results of sound speed of

seabed when the truncated power of polynomial chaos
N =1.
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Fig. 8. Geo-acoustic inversion results and its confidential in-
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of density between seabed and sea water when the signal to
noise ratio is 15 dB and error of horizontal distance is + 20 m.
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Abstract

In order to improve the computational efficiency of algorithms while exploring the method to overcome the
ambiguity problems in underwater geo-acoustic inversion, we use the data of transmission losses at the
broadband sound frequencies and multiple propagating distances with the matrix of polynomial chaos expansion
coefficients of transmission losses to invert the speed (c), attenuation (a)) of compression sound wave and the
density ratio of seabed to seawater (p) in their prior searching intervals. When approximating the transmission
loss with the polynomial chaos expansion, the expansion coefficients are the functions of parameters including
sound frequency, source and hydrophone’s position while the polynomial bases are functions of the above geo-
acoustic parameters which are uniformly distributed in their respective intervals. The expansion coefficients are
calculated by embedding the orthogonal polynomial bases into the acoustic wide-angle parabolic equation
model. After that, the coefficients are deduced using the Galerkin projection and least angel regression. Under
the situations of low sound frequency, short or medium sound propagation distance and short or medium length
of intervals of geo-acoustic parameters, the polynomial chaos expansion can approximate the transmission losses
accurately with the relatively error less than 1%. In the simulation case, with the high signal to noise ratio and
the low errors of relative distances between source and receivers, the geo-acoustic parameters can be inverted
accurately when the appropriate truncated powers are chosen. And the time cost is reduced by at least an order

of magnitude compared with that of traversal grids searching procedure.

Keywords: geo-acoustic inversion, polynomial chaos expansion, acoustic wide-angle parabolic equation

PACS: 43.60.Pt,43.35.Wa,43.30.+m DOI: 10.7498/aps.70.20210119

1 Corresponding author. E-mail: lfh@mail.ioa.ac.cn

174305-9


http://doi.org/10.7498/aps.70.20210119
http://doi.org/10.7498/aps.70.20210119
mailto:lfh@mail.ioa.ac.cn
mailto:lfh@mail.ioa.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

