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Fig. 1. Spatial structure of receiving ocean ambient noise

using vertical line array in shallow water.
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Table 1. Parameters of ocean and sub-bottom.
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Fig. 2. (a) True BL; (b) BI, computed by vertical direc-
tionality of ocean ambient noise using OASN; (c) two meth-
ods compare under 1800 Hz, the full line is BL, the imagin-

ary line is EE
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Fig. 3. The BT, of different structure of sub-bottom under
1800 Hz: (a) Infinite acoustic half space; (b) 1 layer of sedi-
ment. The full line corresponds to the condition that the
elements set across the sea. The imaginary line corresponds
to the condition that 42 elements set at the depth of 30 m.
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Fig. 4. Model of sub-bottom stratification: (a) Infinite acoustic half space; (b) 1 layer of sediment.
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Fig. 6. Vertical directivity and B of ocean ambient noise in different spectral domain: (a), (b) Near field continuous spectrum;

(c), (d) far field discrete spectrum; (e), (f) full spectrum domain.

T, 3B [ B2 B 1) 75 30 1T LA 38 HH VRS A 1Y
58 B 6(c) AE 6(d) & (6) XITHEAR RN W
BIHOER Y, WU ko < K < ko, HBTEREZORA T
NS, RN TGS AR, X— AN A
Az G RS, TR P RRMOIC, Xt B B R G
FAEER A BEA TRk 1K 6(e) IR 6 (f) g axiihisk
5, BL S5 R 5 F I BLEA—2L. 15
IS T R AR RSB &, T LAARSC
N B UM I RS R L.

4 BL th & A S M AR RO R
S B AT

TRERSHMTRARE BL KR
R SCHP A TR IR 34 BL WA R, T
A BRI R B0 A RER B, M D\ B 1 5
FHUN K, R — B 1 5% 8 A(a)
BRI 7725 WA .

4.1

214303-5


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 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019) 214303

SN BL WY ICHLAS 2806 34>, 52 TEIK
TR o FFH e IR p. B 7 5 AS R 1E
ZHCFM BL. M 7(a) AT, ofHESSS /N T
Il S 0. BF, X BL A7 5200, 76 HE 7 VR PR AL 1
BRI T EOCHEEME P HEE 3 1, il
T X6 3T 7 3% S A A B EOE ) O3 i L 2R
PG BL EEok A Tk i SL ik i ok, 46
AT, BIRARE o OE— M ABURS L, Fi
AT D208 SR Ul R B o SR I RE R . 53 T L 4

14

(a)
12+

10

BL/dB

— a=0
--- a=0.2
7 - a=0.4

0 20 40 60 80
WA/ ()

14

(b)
12+

10

BL/dB

v — ¢ =1600
Do --- ¢ =1800
P --=- ¢ =2000
1
L

0 20 40 60 80
WA/ ()

14

12

10

BL/dB

0 ‘ 20 ‘ 4‘0 ‘ 6.0 ‘ 8‘0

B/ ()
Bl 7 ARREMEKSHE TR BL (a) WAL a; (b) FHi ¢
(c) ¥ p
Fig. 7. The BL under different parameters of sub-bottom:
(a) Attenuation coefficient o ; (b) sound speed ¢; (¢) dens-

ity p.

£16,, 6> FH Snell A KR

kicosf, = kacosbo, (7)
BHHE AT, B0, = 0° I AETEIm F A0, 1
Bf, costy = c1/ca, TEMFIK S o CHIIIE LT, 2
PRS0, 58 2 M cothAE . FRILZ M, T
O T S SR 2RO R R AT — RE R BT 7(D)
NS T RS 7 R B9 BL. 55 BE p AN BL Y
IR(EE R, SinFAAAETEAERCR, E 7(c).

4.2 BENRE BL &8 &EHMFENE
T T EAFAE— R UTRRZ B 8 SO SR 00, R
RENFRR LN
Ri5 + Razexp (2jp)

R= - 8
1+ Ri2Rasexp (2jp) (®)

Hrt ) Rio, Rog 435l i A 43 ST B 1 S5 2R %K,
© = kohsiny K78 7 I FF I DU Z 19 3 B AH RS .
(8) F A I T3 Bl X & exp (2j¢) — T, MEL
PHEH AN ZSEON R W2, Fenl 2R 2 iU &
Bohm SR, R TSNS EAEM A P
VERTBI R 5K, w7 20 AT — e R B B ifb T,
TP Z 0 SRR IR 2% 18, WA 8.

N[
AVA

P2, C2 h

\%
P3, €3

8 BAJEPURNZ 15 S A 5 A
Fig. 8. Reflection model of sub-bottom with 1 layer of sedi-

ment.

FPAETIRUZ AL, 2B 2 UGR [l K
9 S, A R 0 D i 2Rk Ry 2% A S I

&

R = Rip + T12Ra3To1 exp (2j)

+ T12R53 Ro1 Toy exp (4jp) + -+ - )
Krhr, Ty RoRGAKHEATTRRZ 0BG R, Toi AR
RUCRZ A K i35 5 R AL I 5%
TET XU MR P R R AR, T M T JE 22 U S A I ik

214303-6


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] 32 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019)

214303

Il K o R St Sk s e, A TR IR 8 TR 5
R, ORPE LT U SRR R
R = Rys + T12Ra3T5 exp (2jp) . (10)
5 (8) A L, (10) RIEH TG, B FiTieAFE S
5 RAGXTN R, B 945k (8) Al (10) FiX
THA4 1 3 S R S 4 26 BL #1800 Hz T 19 BL ih
2, WORIE R 128 INE 9 i LIE ) P
THR R S5 AR — 3, (R R AR 5
L) Ff1 BEfR e, RIS AR %0, R —
ali/NE, (9) 2SR =300 2 5 349 R SR I B /)
i, PRI A — s . 25 b, T LR
H(10) 20T J5 19 5T R 8 R ACE: (8) 5K, X
JEUTRUZ MR T8
FH 0c1 F1 00 Z R I A1, 4058 A1 0 < 0
W, %A & B, (10) RAUAFTE Rip— T, BE I
RNBGEL 1 EEG M0 < 0 < 018, (10) X
H Rio, Tio, Toyr PIREL, Ros MBIl 1 EEL,
Rao Bl 0 R 328 38 19 57 50, BRIk, T =
1+ Rio MIE HERPRE Y, To, [F3H, PR BLXT T 5B

IR 5E 4 W exp (2jo) — TG 240 > 0.0,
(10) PR exp (2j) — LAY R BE 0 FIH BUE 1Y
S, HAR G AFEENAE S, X — #8505
O < 0 < O IF—FE, BL IHZETFHHREIIH exp (2i¢)
— TG, EiHE BLid R, B R AL, Fir LA
exp (2jip) WAV AT SEEB AT BL #h 4 A5 vmk, oo
i3 Euler A=A Al

cos (2¢) = cos (2kohsindy) , (11)
Rt BL 2 i3k i h s BN GTRUZ SR B b4k
)Tk . RIS 5 U E AT LT, RT3 —
160, BL LR TR AR BT i (1)
B, LB fRERR, (11) XFoRh

cos (27[. 2hsind, ~f> ’
C2

AR AR co/2hsingy , TEHE—BHE £, 30 Bl Y R
GRECH 2hsinby ey - f., PRIFGIRELED BL AR AR A,
B, X 58 9(a) A 9(b) H BL A 2 804N KU Xt
.

M8 05 I B, AT DA AVEAS [R] B B 1) ZR TRI e 75

(12)

N

=
&

)

BL
3500 30 3500
25
2500 2500
20
N N
z z
% 15 5
X 1500 X 1500
10
500 5 500
0
10 30 50 70 90
FREH/ () Fit i/ (0)
40
(c)
— HSLBL
307 — WEEBL
as]
< 9
~
[8a}

10

0 20

& 9

10 60 80
Tt/ (°)

(a) (8) RITH ML BL; (b) (10) RITHHE AL J5 89 BL; (c) 1800 Hz F Wi %% BL £k

Fig. 9. (a) True BL computed by equation (8); (b) BL after simplified computed by equation (10); (c¢) the curves of BL of two

methods under 1800 Hz.
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Fig. 10. Curve of BL after simplified computed by equation
(10) with the horizontal axis converted to sinfy by equa-
tion (7).
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Fig. 11. (a) BL with 42 elements at the depth of 30 m;
(b) the curve of BL under 1800 Haz.
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Fig. 12. Sound speed profile of the experiment.
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Fig. 13. Results of the 9th set of data: (a) BL ; (b) curve of BL under 1600 Hz.
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Fig. 14. Results of the 11th set of data: (a) BT ; (b) curve of BT, under 1600 Hz.
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Fig. 15. Statistical distribution histogram of 20 sets of data:
(a) Sound speed of the sediment; (b) sound speed of the
basement; (c) thickness of the sediment.
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Fig. 16. Sub-bottom structure of the experimental area de-
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black spot in panel (b).
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Estimating structure and geoacoustic parameters of
sub-bottom by using spatial characteristics of
ocean ambient noise in shallow water”
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Abstract

The field of ocean ambient noise contains numerous information about the water column, especially the
information about the sub-bottom. The geoacoustics parameters of sub-bottom are very important factors
influencing the spatial characteristics of ocean ambient noise field. For different layered structures of the sub-
bottom, the bottom-loss shows different critical angles according to sound speed of each layer, while the
structure of interference fringe is dependent on the thickness of the sediment. Flux theory of ocean ambient
noise proposed by Harrison is used in this paper. Using this theory, the curve of bottom-loss can be extracted
by computing the ratio between the energy of the upward wave and the downward wave. From the ideal
reflection coefficient, the influence of sound speed, density and attenuation coefficient on reflection coefficient
are discussed in the situation of the sub-bottom of acoustic half space, while the reflection coefficient of 1 layer
of sediment is simplified. Initially, the reflection coefficient is the sum of sound waves reflect from the sub-
bottom transmitted from the same source at the same angle. Only the first two terms are reserved, so that the
mechanism of the interference fringe can be easily discussed. The structure of interference fringe can be
explained which is affected by the thickness of the sediment. The curve of bottom-loss oscillates periodically
with the increase of the thickness of the sub-bottom. Also by the reciprocity principle, the interference fringe of
the reflection coefficient can be explained by considering the sound transmitted from two point sources at the
surface of the sea. In this way the same result can be obtained as that from the method of simplification. The
result of the experiment in China Yellow Sea shows that the information about the reflection coefficient of the
sub-bottom can be extracted by the vertical azimuth spectrum of ocean ambient noise. In this way, the critical
angle can be obtained, so that the sound speed of the sub-bottom can be estimated by using Snell law. The
structure of the interference fringe is also contained in the bottom-loss curve estimated by ocean ambient noise.

Therefore the layered structure, sound speed and the thickness of the layer of the sub-bottom can be estimated.

Keywords: spatial characteristics of ocean ambient noise, bottom-loss, estimating geoacoustics parameters of

sub-bottom
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