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Fig. 1. Three typical bottom models.
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Fig. 2. Seabed layering obtained from sub-bottom profiler.
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Fig. 5. Seabed layering along the consider track.
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Fig. 6. Flowchart of inversion.
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parameters.
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Table 2.  Single-layer equivalent sound speeds at different frequencies.
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FH, BCBS DT EC 37 S %o IS 23 7 s A AN BRI e
FIA VLA AT 22 2 15 IS S S B, o BEHCREAIG
R T . MAERARR T 2 AL ] ™= A 5
B, T BN 4 J2 75 LA T BB A3 BT, A3 AT B R
100—150 Hz #iE%.

N, A 100—150 Hz BARSRBIN 4% 2 75 1
AT R 3 A, e O e — A R, PR
5 AR IEOL T, R o (M) R, 45
RanlE 11 R, BIBACERILITSE. MK 11 TRk
b, FFRE S — )2 3 oy USRI T
KT coo Ml cps . R, w7 DAFFH S ERAVC 545 &
(177 20 2R 22 P A 7 S T
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Fig. 11. One-dimension cost function value of sound speeds

in each layer.

PR, FAMH SRR AT b 6 ok i
JERAR A — = JCRR Y BRI, R HIVC B 75 v
SN RIIR S B LR A RO 8 one , SRUNIE 12

EXT Y cve . B 12 HAT AR Y, 5 F TR0 EL45
T, BRAET 250 Hz RIS B oo W% 52
R DURRZ 7 MU IR, AR KT 250 Hz B
JTE Y cpe W12 H RS MR JZE 75 3 cpy MYABARIE L.
R 12 ORTRIRE B T A3 319 coe FEATR 1925 1k
K RAFAE—E M 225, (AR AT DLELSS H a0 30
At 250—300 Hz Y cpe £ 1600—1630 m/s Z [A]
55 3.2 5 ) R 18] 1E PR S AS RO AR B o N
$E3T; 7E 350 Hz Ab oo FATE— I IR A BHERAS,
BIR T Y e 7E 1560—1580 m/s Z[a]; KT 350 Hz
Ji B RGN, coe BMTIR/ )N, DRI PT ARR B BE 2
BRI, 7 ] 2E 0 TR G IR BE /N, SRR )2
FIREAEAE— IR A4 2, %502 UL b U IE A
FE 43 A, SFH 7 A 1560—1580 m/s 22 (8] ; 1 1%
SHZLUT AR HECON R E .

it o bR TR SRR 1 3R 2 03 R 4 gk
— 5y, BT E AL TR Z 2450, WiEl 13
fis. & B RIZAFTE conn— o2 WIE A 3L B,
WERE R by, FRIZFEHER cpis, FRIEEHN hys .
P S AR R TR L I A RIS A B AR B —
JEF R (cp2 =1572 m/s, cps =1620 m/s) EN
BV, A 100—150 Hz Sty F A5 58 2 T AL
7 A )2 A RS AL (B eb11, co12, b13 ),
BRI EEIR N 3, HA coa N cor1 T coro HFE S
o.M 12 BTN E, T LAE R 2 DL A2
G AR — 8, LR Z R R
1, PR A 1562.5—1585 m/s ZIA], 5 350 Hz
T cpe BER—EL, T RIZFHEARUETE 1670 m/s
BRI, L hyy A by BRI RIT 36 1 H by (45

S A (R AT TS O HURE, IR 4k
5 km 37 sSAR SR FERE S AT 45 R (100 kHz g
ME). 4 TLIEH, 0—4 m B N AR A
AR BE TR BE G I, 7R A O, L Ao
HR 1560 m/s, J340, 0 km AV BOREARE i 40 B
0—2.35 m IRE N7 H A 1576 m/s, 10 km
Ab g G BURE B i 2 BT 0—4 m TR B PN 1) SF- 24 7 1k
91574 m/s. B EGARSCEAF N cpe BERERIE.
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Fig. 12. Single-layer equivalent sound speeds at different frequencies: (a) r=3.5km; (b) r=37Tkm; (c) r=3.9km;
(d) r=4.1km.

%3 £ 100—150 Hz SBLERZSH00 sOE g5 5

Table 3. Inversion results of the surface layer at 100—150 Hz.

HHES /km cp11/(m-st) cp12/(m-s?) Cpa /(m-s7t) hi1 /m cp13/(m-s?) hiz/m
3.7 1540 1585 1562.5 4.18 1665 4.55
4.1 1535 1599 1567 4.24 1665 4.49
4.3 1566 1604 1585 4.28 1672 4.51
4.8 1568 1598 1583 4.31 1670 4.45
5.5 1568 1597 1582.5 4.33 1669 4.37

6 1565 1592 1578.5 4.32 1657 4.35

R4 5 km SRR AR

Table 4.  Sample results at 5 km site.

e A TR KB P () -
D/cm T/C Z/m ¢/(m-s™t) p/(g-cm)
S63511-1 0—40 20.5 83 1542.93 1.66 byt
S63512-1 40—S80 20.5 83 1558.55 1.66 R A A
$63513-1 80—120 20.5 83 1528.57 1.69 by Ry
S63514-1 120—150 20.5 83 1539.44 1.75 [k
$63521-1 150—190 21.0 83 1564.67 1.82 b syin sty
$63522-1 190—230 21.0 83 1517.44 1.77 i1 Bk
$63523-1 230—270 21.0 83 1588.24 1.77 i1 Bk
S63524-1 230—300 21.0 83 1564.69 1.77 i1 Bk
$63531-1 300—330 21.0 83 1565.55 1.90 (it
$63532-1 330—360 21.0 83 1616.20 1.92 YD BRS
$63533-1 360—400 21.0 83 1568.53 1.98 FYRD BTy
R&] 1560
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Fig. 13. Finer-grained seabed layering along the consider

track.
34 fERMERERBRELY

— R S A A5 1 0 Ok i e S T AR i
LR KA R AR B SRR A P A R O H
TR AR KU, A AU R BT T

\/]\lfiM [;; (TLe (fos7i,25)

p(a) =

571/2
— TL* (fo,ri,zj,a)) } ) (14)

K, N AR B I SRER S, Mo
B e AR PRBUE; ACERSE I s, TLE
IREL fo A HROIIURAY 1/3 AR 55 N RS2
ARG

o5 87 L DB FR 43 ) I YA B A — ) A R
L4 R DG T b B YA 81 %) 2% J2 75 o R L% B 1Y
YEAE R N, K45 )2 2 8 R BOAE A S5, FILH
100—500 Hz £F4 70/ 20 km 3t 39 ANEE 4L
AL RE IS SO D R B, 5 SRk 5, iR
2 dB. & 14 s AREE 8 Fil 54 m ALKETTHE 225
1 375 Hz AMEREHR O X] e 5, Hoh [
SEEREIE, FLAAERA SO 45 R A 4 i
Jhk, WA B & BT

4 100—500 Hz [1] 5 ekl 7 %5 bifi A1 28 11 A8 Ak O

ZIATINE, WA 15 FiR, Ha = 0.36f19% dB/m,

Hr fRALE kHz, o 53CHR [27) B4 h e
JoT ¥ IS A5 F R R R A R Y AR LM O &R
a = (0.38 4 0.08) f(1-87+013) qB /m FeA—FL.

N T PR A SO A RIRCR, JE e
GE PR AR, AR 1A 12 AN R B R ARk
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Fig. 14. Comparison of theoretical and experimental trans-

(a) 225 Hz; (b) 375 Hz

mission-loss at different frequencies: (a) 225 Hz; (b) 375 Hz.

0.09 ..
Y
[SE=s]
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0.02 -
0.01
o . . . . . . .
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$iiZ /kHz

TR/ (dB-m~1)

CINLEEENEETESIUE 31 E 4
Fig. 15. Inverted attenuation coefficient at different fre-

quencies.

K5 REBURT RHE ARER R R S A AU P A B R f) P 1 22

Table 5.  The inversion result of attenuation coefficient and their errors.
% /Hz 100 150 200 225 300 325 375 400 450 475
a/(dB-m~1) 0.001 0.007 0.015 0.022 0.033 0.04 0.045 0.061 0.078 0.094
R# /dB 291 1.70 1.68 1.42 1.61 1.78 2.27 2.23 2.37 2.60
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Y REZE R, 0T AR E 1) 100—300 Hz
ATBEI L, I PG R 461 % B U Tl 3R 80, IR T4 2R
RS 7 P 75 AR R B R TR IR 25 4N 36 6 . LA
5 g 6, 0] LU HAHFAIR T 2 )21 AR AL
T4 R PRAL R0 R A DR 28 /N T A2 25 8500 IS I
HHEE R RAGIEAR R 2, H 220K ] DL
[F] e 3 FH T i o B

F 6 PRI UL

Table 6. Inversion results for single-layer bottom
model.

$i% /Hz, 100 150 200 225 300
c/(ms™1) 1615 1615 1615 1613 1600
a/(dB-m~1) 00001 0011 0.022 0.032 0.04
%% /dB 3.98 1.81 1.71 1.53 1.68

4 % #

2022 4F 8 A 7E R AL AR R R AL R X T Je
FRTEE LS, A M2 P T SCAR B B T S B
KA A L5 R AR SCHR I ST 1 £ 2 KR
ARARTER IR M P AT | 4 Y — R IR & S Tk,
RV S ] P ] LE SO RIS A S T 25 2 T R P | P
FHVCIE 3777 3k S 38 X 1 TE S LA R B A BURR Y
IR, e f A 2 A5 R R R UL
R8O 0 Ry og Il

1) FEAZ IR R P = o) v T
AT G SR U IR o0 2 4540, AR Rl b b4y S 7,
A LA S 5 SRS, BRAT SRR S PRI IR
UL S AR

2) AR AR AN R, MR i I OB AS R A
VERCIHR & R 7 30, i] LASR 452 P S A
SRETRIETE, Sg Rn] IR 2 Fhi AR,

3) AHHL TR 2 IR, Z2 2K P21k
T Ml AR Y 114 S 2 SR AR BRI R R 1Y
R B P oY, H 22 R m 1 ml LA [ p 3
THIEBL.

TR SR BRI S — PRI T P AR A A P M 2 1 T 4
Kot O R LLOREEETE S BOR 2 BE B B R AR i, 2l
FIJTEERL A S TR AR B IR E () HESE R 5%
BRI DX B 2P R PR A A AU B A A B AR DY, 2At
082 857 3l R AE SR AL 1 T 58 OB A%

Sk

[1] Taroudakis M I, Markaki M G 1998 J. Comput. Acoust. 6 167

(11]

(12]

(13]

(14]

(15]

[16]
(17]

(18]

(19]

20]

(21]

(22]

(23]

(24]

25]

[26]

27]

054301-10

Yang K D 2003 Ph. D. Dissertation (Xi’an: Northwestern
Polytechnical University) (in Chinese) [##if 2003 1§24
W3 (P44 YL TR

Cobo P P, Ranz G C 1989 J. Acoust. Soc. Am. 85 2388

Zhou J X 1985 J. Acoust. Soc. Am. 78 1003

Zhao M, Hu C Q 2009 Tech. Acoust. 28 104 (in Chinese) [
i, B 2009 FiEHAR 28 104]

Li F H, Zhang R H 2000 Acta Acustica 25 297 (in Chinese)
[ZERAE, FRAH 2000 FgEsAAR 25 297)

Yang T C, Yoo K, Fialkowski L. T 2007 J. Acoust. Soc. Am.
122 3338

Weng J B, Li F H, Guo Y G 2015 Acta Acustica 40 207 (in
Chinese) [$8 %, ZZXE, FBKH] 2015 75554R 40 207]

Li Z L, Zhang R H 2004 Chin. Phys. Lett. 21 1100

LiM Z, Li Z L, Zhou J X, Zhang R H 2019 Acta Phys. Sin.
68 094301 (in Chinese) [ZEEPT, 228k, R4, A 2019
PPz 68 094301]

Wu S L 2016 M. S. Thesis (Beijing: Institute of Acoustics,
Chinese Academy of Sciences) (in Chinese) [5XUbK 2016 i1
ZEAOESC (Abnt: s ERER A AT

Cui Z Q, Xue Y Y, Xiao R, Wang Q L 2021 Chin. Water
Transport 21 147 (in Chinese) [B: 558, BEEEEE, B, EHIR
2021 "f1EIKIZ 21 147

Lu L C, Ma L, Chen Y M 2007 Tech. Acoust. 26 787 (in
Chinese) [EJ1, D1, BREW] 2007 2= A 26 787)

Zhu H H, Xiao R, Zhu J, Tang J 2021 J. Shanghai Jiao Tong
Univ. 55 958 (in Chinese) [#LFR05, EH, K%, R 2021 [
ASHRAEFAR 55 958

Qiu H B, Yang K D 2011 Acta Armamentarii 32 298 (in
Chinese) [, B3l 2011 J= T 24 32 298]

Kim K, Seong W, Lee K 2009 J. Acoust. Soc. Am. 125 735
Bonnel J, Lin Y T, Eleftherakis D, et al. 2018 J. Acoust. Soc.
Am. 143 405

Hamilton E L, Bachman R T 1982 J. Acoust. Soc. Am. T2
1891

Shao B H 2012 M. S. Thesis (Harbin: Harbin Engineering
University) (in Chinese) [HBFEH 2012 A -2407 83 (/R EE:
MR TR )

Zhou Y H, Lu Y C, Shi C'Y 1998 J. Tsinghua Univ. (Sci. &
Technol. ) 38 93 (in Chinese) [z, fliE &, A4li— 1998 1§
R (A RFIERR) 38 93]

Bonnel J, Nicolas B, Mars J I, Walker S C 2010 J. Acoust.
Soc. Am. 128 719

Zhang D M, Li Z L, Zhang R H 2005 Acta Acustica 30 415
(in Chinese) [FKFEM], ZEReAk, 5K1H 2005 7224k 30 415
Porter M B 2001 The KRAKEN Normal Mode Program
(Ttaly: DRAFT. SACLANT Undersea Research Center)
pp1-196

Niu H Q, He L, Li Z L, Zhang R H, Nan M X 2014 Acta
Acustica 39 1 (in Chinese) [4-¥#F58, fAlF], 228K, (AN, 75
B 2014 FA2E4R 39 1)

Hu G S 1997 Digital Signal Processing (Beijing: Tsinghua
University Press) p386 (in Chinese) [~ 43 1997 £t {5 54k
PR BL S (dbat: WA ARAE) 25 386 11

Zhang X L, Li Z L, Huang X D 2009 Acta Acustica 34 54 (in
Chinese) [R5, 228K, EIRAR 2009 75553 34 54]

Zhou J X, Zhang X Z, Knobles D P 2009 J. Acoust. Soc. Am.
125 2848


https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1142/S0218396X98000132
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.397786
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.1121/1.393016
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3969/j.issn1000-3630.2009.02.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.3321/j.issn:0371-0025.2000.04.002
https://doi.org/10.1121/1.2799495
https://doi.org/10.1121/1.2799495
https://doi.org/10.1121/1.2799495
https://doi.org/10.1121/1.2799495
https://doi.org/10.1121/1.2799495
https://doi.org/10.1121/1.2799495
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.15949/j.cnki.0371-0025.2015.02.012
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.1088/0256-307X/21/6/034
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.7498/aps.68.20190183
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.3969/j.issn.1000-3630.2007.05.004
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.16183/j.cnki.jsjtu.2019.237
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.3056551
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.5039769
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.388539
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.1121/1.3459855
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.3321/j.issn:0371-0025.2005.05.005
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.15949/j.cnki.0371-0025.2014.01.021
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.3321/j.issn:0371-0025.2009.01.008
https://doi.org/10.1121/1.3089218
https://doi.org/10.1121/1.3089218
https://doi.org/10.1121/1.3089218
https://doi.org/10.1121/1.3089218
https://doi.org/10.1121/1.3089218
https://doi.org/10.1121/1.3089218
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 73, No. 5 (2024) 054301

Low frequency inversion method based on multi-layer
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Abstract

Sound propagation in shallow water is significantly influenced by geoacoustic properties. Estimating these
geoacoustic parameters is essential for sound field analysis and sonar performance assessment. As a common
practice, the seafloor is often treated as a single-layer or two-layer range-independent geoacoustic model to
reduce the number of involved parameters. However, acoustic parameters inverted through these two
geoacoustic models are typically limited in their applicability to a specific frequency range, thus posing
challenges when applied across a broader frequency range. A range-dependent multi-layer geoacoustic model
based on experimental measurements obtained with a sub-bottom profiler is proposed in this study. The
inversion scheme combines three inversion methods to estimate geoacoustic parameters, considering the different
sensitivities of geoacoustic parameters to different physical parameters within the acoustic field. Firstly, modal
dispersion is used to invert the geoacoustic parameters of each layer, with the dispersion curve obtained through
warping transform and the Wigner-Ville distribution. After that, both the localization using matched field
processing and the dispersion curve fitting demonstrate the effectiveness of the inversion results for each layer,
although the peak of the probability distribution of sound speed in the first layer is broader than in others.
Secondly, matched field processing is employed to invert the geoacoustic parameters of the first layer. This
method is based on the theory that as frequency increases, the depth of sound rays penetrating the seabed
decreases, revealing changes in the first layer's sound speed with the seabed depth. Lastly, bottom attenuation
coefficients at different frequencies are inverted by the transmission loss (TL), and a fitting relationship between
the attenuation coefficient and the frequency is derived. The inversion results obtained by using the range-
dependent multi-layer geoacoustic model are compared with results estimated by the single-layer geoacoustic
model. The findings indicate that the transmission loss (TL) error from the range-dependent multi-layer
geoacoustic model in this study is smaller than that from the single-layer geoacoustic model, especially in the
lower frequency band. The range-dependent multi-layer geoacoustic model proves to be suitable for a broader

frequency range, providing better precision in explaining various acoustic phenomena.

Keywords: broadband geoacoustic inversion, range-dependent multi-layer geoacoustic model, modal

dispersion, transmission loss
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