Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

—MEEERREBRSYAFERESE

FHA FEK ARF KA

Geoacoustic inversion for acoustic parameters of sediment layer with low sound speed
Li Meng-Zhu  LiZheng-Lin  Zhou Ji-Xun  Zhang Ren-He

5|5 B, Citation: Acta Physica Sinica, 68, 094301 (2019) DOI: 10.7498/aps.68.20190183
TEZERE View online: https:/doi.org/10.7498/aps.68.20190183
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

— LT ] IE PRSI AY T R B8 Sl I S B T 1k
A far distance wideband geoacoustic parameter inversion method based on a modal dispersion curve

YIB2AAR. 2015, 64(17): 174302 hitps://doi.org/10.7498/aps.64.174302

AT B BT MRS A M R S
Effect of gas bubble volume fraction on low—frequency acoustic characteristic of sandy sediment

YrH2EAR. 2017, 66(19): 194302  https://doi.org/10.7498/aps.66.194302

warping i HHR IS A S VRS TR U AR 4
Inversion of seabed attenuation by using single mode extracted by warping transform

WIEEAEAR. 2017, 66(20): 204301 https://doi.org/10.7498/aps.66.204301

— P T HO R BRSO W S U T Tk
A parameter inversion method of film based on thermal effects induced by laser irradiation

WIFEAEAR. 2016, 65(12): 124401 hitps://doi.org/10.7498/aps.65.124401

BT RSBSOS KT BT A A B 5
Investigation of underwater sound scattering on a cylindrical shell coated with anechoic coatings by the finite element method bhased

on an equivalent parameter inversion

PP 2016, 65(1): 014305  htips:/doi.org/10.7498/aps.65.014305

AT R SRMETCRRZ T TR IS BT U1 I B G
Comprsessional—shear wave coupling induced by velocity gradient in elastic medium

YrH2E 4. 2018, 67(23): 234304 https://doi.org/10.7498/aps.67.20181600


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190183
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.64.174302
https://doi.org/10.7498/aps.66.194302
https://doi.org/10.7498/aps.66.204301
https://doi.org/10.7498/aps.65.124401
https://doi.org/10.7498/aps.65.014305
https://doi.org/10.7498/aps.67.20181600

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 9 (2019) 094301

— M REERREBRSUEFRETE

4 {12

% 3 A1

Bady g

1) (T EBEARE AT, A R E KR A%, Jbat 100190)
2) (h ERLE G 2 T R S S TR, Jba 100049)
3) (iR I T A2 Be ML TR 520, WWAF=2K 30332-0405)

(2019 4E 2 A 1 HYe3; 2019 4 3 A 10 HikEIENH)

BRURJEE T N TR 2 S 80000 7 2 B U S 1Rl B /K P 08l 1) — AN P 9 A 3T, 224 0 75 U IS R 7K 22
)77 AR — R (N T K75 ) B DTRBUR IR, ANRU A IS B0 AN [R) B3R 75 1 6 40 O 2 1 B Jo) 300 1 1 R B
G BT IO, Pt — Pl 1 TR A DT RUR IR SBR[ k. 160, eS8 H/NBUR A s 00 T f%
SRAVI T J1 38 D) 91 4 (] B 5 AR P JRE T R U VAR JER T /K P S 2 () S A B Ak 5 U, T — Ik B
S R BRI IRET T 0 SE A AL RR AR T, BRECT /MRS AR AR A0 R B DR R SR RO, SRR T RO
KA AR AT, 455 Hamilton 5 FE 15 7 A 22 56 24 50, SR TV BC 37 40 B0 S 38 25t DURRZ A 78 L 2 | IR
JIE K HEIE B P L R AR R P A A0 RS B A ) U8 PRIE TR AN [ A Y P R R AR, T S Kk
BLYR IR P el 2R KB AR T A S M SC R B, 4 N T MU IR A TR 1~ TG PR DR IR A Y 25 Sk
S 235 5 SR AR AL AR 2 08 S P A i LR T 50 5 IO P BB 198 IS P 24 2

KA A TURUZ IR, A2 R0, DEBCAE B, LRk

PACS: 43.30.Ma, 43.30.Pc, 43.30.4+m

1 5

T SIS 2 00 2 B PR AR AR 2R U 0 1
WIS B ARk, T, TS
HE IR 22 UAE G T R R, T AR EF
M PSR R T PR S BT v 7 TR I )
PR T AR 2, 0 DCRCIg B 2 TR E S
FICRRAIE S Bl TR 14 3 AR SR S 3 1), I 3
IO I EVFRT NG/ 4 R SN QUL $17
FARAE B B R (i (TL) et ) 2. Bk
ST 1A IS RE 1 S B B 0 ik 1 S 3 4 R Y
AR, R AR PR — e R i an, R
AR B2 B 7S S 8 REAS 21 ] {5 RO TR A 3, 5
P TR X D AR BN R, BT A T R AR ME AR

ail¥

* K A RRHERAS (S 11434012, 11874061) BB

+ lfEVEHE . E-mail: 1zhl@mail.ioa.ac.cn
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190183

B I R 80 I GG SO 1 I 75 24 S
AR SECZ RIS AR RR RS AR, IR
VR I 75 0 5 | R 1A A 40 408 15 25 ] AR I A 1)
U072 007 | R A R 400 0 3R 25 T A5 31 5 L B 4
AT B AL R 2% . Li 5578 43 W B 1 S 40U Y
SRl I, 3 B e S ik 1018 AR
D M g e T M PR R T T R R 2RI, X B I
6 Al AN [] JEC 0T 288 U () 7 2 S R0 AT T i .
Zhou 1 Zhang™¥ 18 11t B45 4Bk 20 /> M I 4 b
JO I RS ) R T2 R 4 TR R I TR
50—600 Hz 451 Bt PN IS 7 3 -5 300 1 G 7K 7 3 L
7 1.061 + 0.009, 7£ 50—1000 Hz i Bt P ¥ i 45
ROEW A A TR L o (dB/m) = (0.37 +
0.01) x (f/1000) 50 = 002) " 43Hjy & SRS 5T I T
RS Biot-Stoll LA,

http://wulixb.iphy.ac.cn

094301-1


http://doi.org/10.7498/aps.68.20190183
mailto:lzhl@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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 68, No. 9 (2019) 094301

BT, PR HTRRZ IS 27 S Y
AR D UL, AL E SN D s A S TR 21
JUG 75 A 4 o B Ml 7S Tk ) SRR 1948 4F
Press fil Ewing!"” 5 1 T F I R1x T =25
WS BOTARJZ TP PR IR T AR 7 78 )
B2 . 1979 4, Rubanolt) 38 i< 52 55 4 il
PRI 5 ELXT b A AT S IR J2 0 v A A 4 4 2k
A B E 0. 1980 4F, Kuperman F1 Jensen'?) [#]
TP TR /N SR R T IS N
JOE S5 4 2 o H B R B B R B4 2018 4
Bonnel & 8 {fi H warping 28 #6533 = B AL, 2
T b R SR SO R, ) S AR
BTN 2R B H A 250, Wan 55 191 & SR 4 i
FRCREPE A T 5 SO I, 25 SRS RIAR A ATBE T LA
AR S 3 B AN E PE. {2 Bonmel 25 18] Fil Wan 55 1]
FRANF T AR X R — I 75 s DU R I IS T
FHEE R, LS SRS S BT M R A SR AN
i 2 1 3 B 8 2 PR AR o) 5 P T AR, i
1520 S 25 R AR, OB RCRA M TR R 2 5 A
TURK, SO AT B R 2 7 BN T K, (H
JE S R B EPEIR K, 73 AMIATBA 245 1
R R B2, EEXHIRA U2 I 5 L
FEREEIF T/, TSl = A IS b S S 2.

AT SRS TR 2 TR IS B0 75 2 R
ASCE S NFS ot TR ST R I A 7S
TERERRIE, MR/ NI A S5 P AL R 4 B A %2
SR B R I 4, 46 IS S IR BRI 2D
N T7 %, T2 AT RE IS JR 0134 R A 0 44 1) P
SUURR)Z R L TR BRI JECHE K 7R 2 8] () AT
Feha. HK, $5 A SRR S Y 7S
SROAE BT, HH 2002 42—k 2 w50
SR T T SRR R 5 R, 25 TS TR
SN VS EX CHL I ES 3

2 KA EITMREERINE T 0 F L5
R M FE I AT

B E DU JZ A (02 HOP L L 1 FR) ¥ K P
KT T JC PR P e/ N P a2, X R Y
R RARL DL 1, 25 TR X R 2 SR B FR AR .
PR e3> ¢1 > co, ILTREIK H A I ER BEST S
PEADIRZ, MAEDURR)Z - A A E— i 5
U X LR IR A DURZ - JE i F i 42 e

SERTE DL, BIMEEZK 455 £ 0 < arccos(c1 /c3).
Pl 1 BT 7 (A 75 S TR 2V I 1 S 33 R B8]
FOR NS 0 R £ R

Ris + Ryse'®
0 - Bl 1
Rio, ) = oz e )

o) ¢ = 2kpd sin p f2E 75 PWAEDUEUZ N ) 2 B AH

B (b HUTBUZ N IERL); Ris = m

k., —k, NI 8 v
Ray — K22002 ~ Ka 03 o supoyy sttt K0 BUR |
k.o/p2 + ka3/ps3

YURUE-EE S B A S BB, Koy, Ko, Ky 95
J22 S R 1) T T 0k . X I AV RS IR B R R =

9z 9
—~101og(|R(0, £)[?). HIMT AR EHA = = “LH
cosu  ca
p = arccos(cy /ey cos §), MM AT 15
di o 62/01 sin
do

\/1 - (02/01)2c0520.

ﬁeﬁﬁ%oﬁ,%ﬁﬁ?ﬂ;ﬁ%ﬁuzmz

arccos(cz/c1). /MES A LT Ryg, Ros AT LA R
FonATEEOE

Ris = 767620, (2)
R23 = _eiS#7 (3)
2 2
(c1/e2)” =1 1—(c2/c3)

(2) Fn (3) 2ARA (1) KT8

_e_Qe + ei(S/L—ﬂ) X el¢

R(evf) =

1 —e~@0 x eilSpu—m) x ¢i¢
_e—Q0 4 ei(Su—n+2k2dsin;L)

T 1 — ei(Sp—n+2kadsinp)o—QO

M0 EET OB, p = po, 715

1— ei(Suo—n+2k2d sin p10)

Ré%of) T 1~ ci(Sno—nt2kadsinpm)

%’Iei(SpofnJr?kzdsinug) 75 1H;J— R(g’ f) _ _1, %,ﬁl\

6—0

»“ 7);
S {ﬁ'\E’:Cl,Pth

TSI
C2, P2, A2

B WL cs, P3, 3

B ARG U 2 A B

Fig. 1. Bottom model with a low speed sediment layer.
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Table 1. Seabed environmental parameters for low-speed sediment simulation.
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Fig. 2. Reflection loss for the grazing angle of 1°.
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Fig. 3. Sensitivity analyses of the bottom reflection loss to the geoacoustic parameters under the small grazing angle.
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Fig. 5. Flowchart of geoacoustic inversion for the sediment with lower sound speed.
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Fig. 7. Transmission losses at the different frequencies ( r =
9.2 km, 2z = 50.0 m, z = 53.5 m).
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Fig. 8. Relationship between the thickness of sediment and
its sound speed at the special frequency step.
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Table 3.  Search ranges of the unknown parameters and the inverted results.
cy/mst po/grem™ c3/ms ps/g-cm? d/m r/km h/m
R 14181487 1.1—1.6 14891800 — — 9.0—9.4 60—65
s fE 1474.01 1.35 1580.47 1.64 10.32 9.26 64.63
FHEIE 1474.12 1.39 1581.02 1.64 10.48 9.22 64.65
Frifi2E 2.22 0.07 1.52 0.00 0.98 0.10 0.34
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Fig. 9. One-dimensional marginal posterior probability densities of the parameters.
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Fig. 10. Ambiguity surface of source range and water depth.
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Geoacoustic inversion for acoustic parameters of sediment
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Abstract

Acoustic inversion of sediment parameters in muddy bottom environment has received much attention in
the field of underwater acoustics. In shallow water, when there is a low-speed layer of unconsolidated sediment,
such as mud in which the sound speed is lower than that of the sea water, on the top of a high-speed bottom,
the transmission losses at different frequencies will increase periodically under the condition of small grazing
angles. Based on this phenomenon, an acoustic inversion method of seabed parameters for low speed sediments
is proposed. Firstly, the analytical expressions between the frequency interval of the transmission loss (TL)
periodical increasing and geoacoustic parameters, including the sound speed and the thickness of sediment layer
and the sound speed of seawater near the bottom, are derived under the condition of small grazing angles.
Secondly, using the broadband sound propagation signals received under the thermocline in the 2002 summer
acoustic experiment conducted in the Yellow Sea, the TL at small grazing angles increases periodically with the
frequency, and it is determined that the sediment of this sea area is a low-speed sediment. Then, taking the
analytical expression as the constraint condition and combining with Hamilton's empirical formula, the sound
speed, density, thickness of sediment layer and the sound speed and density of the seabed are inverted by
matched field processing. Finally, the bottom attenuation coefficients at different frequencies are inverted by
using the long-range TL, and the linear relationship between the attenuation coefficients and the frequencies is
obtained. The equivalence between the two different bottom models is discussed in the end. The inversion
results can provide seabed parameters for the study and application of the sound propagation law in shallow

water with a low-speed sediment.

Keywords: low-speed sedimentary seabed, geoacoustic inversion, matched field processing, transmission loss
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