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Fig. 1. Schematic diagram of sound barrier with transmit-

ter and receiver arrays.

BT (r,2) s B9 H AR AL AT X 2 A SR
2, YV AHUNR L, ASTATEEE HARAL A o
TR Go(r,z), BFIER Ty, 1 <p < X, HURFALE]
A 2 WS A b B A Glo(r, 2), BERE SR Ty, 1<
q <Y, WHETRE—ZH AR | 57 2 64 o o 1o A1
I3 ] LA B AU

GPQ(rv Z) = Gp(?", Z)Gq(T,z)foc (Qppq(rv Z)) ) (2)
Thg = T + T, (3)

Hor | ppg R — LA | H R X 1
i, W1 TS B X Y AR R R
{1y ol B 37 G 7 P 388, - 352 6 A T 28 0 7E— A,
T RSB R R (2) . SCBF i TS A4S
TR, FA AR IR AR, WL
WA T I BRI S5 M 7 (R AR S 1S

Pij(t)ﬁfu%:zﬂ?ﬂﬂ
Pyj(t) = s(t) @ (haj(t) + hij (1)) +n(t),  (4)
o, Py(t) 3 BARRET (r, 2) I B A4S % 51
TCRHE SRR AES j AT L (155
i (3) PO IE AT LU Y, 304 FAR SO S
HE 5 ki (DA B bR) AR ], A
BRI 5 M B ARATE S 3 7 4 A — i
BRI B AT ko R A A B ke i o

)
Dij(t) = Py(t) @ s*(—1), (5)

224302-2


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. 70, No. 22 (2021) 224302

For, o R WU LG, 73 590 %F Bk v s 4 ey 14 5
5 Dy () M1 Ey () BUSLAEL, A5 21 bk ol 1 20 i 113 £ 25
RIRN Dij ()T B (). AT #IBCH bR AR TR Y
PR, X B BRET G S DR s BT
H—Afab 2, B
Aij(t) = (Eij(t) — Dij(1)) /Dij(t), (7)

Kb, PGB Ay (¢) 2R Y R, e BK
JERFTRINIA S B bR B2 A A AR, HERAERY
AR TSR,

Marandet 55 12 S EUEA% € 7 7 ¥ OB FE 3R
W, B AR FARS R B = 4 s 5 AR A
PR MR DG AR il AR SCHY (2) 2U—(4) 2den]
LA, BOR LRI AL BRI U5 5 Py (1)
5 HAROEE (r, 2) A 5%, W BZRAL BRAS B] 1 75
Yt ahie Ay (O BE T AbRALEAE S, W RA
e DD/ SE WALE7E o [ EYSES NS R AR A ibI S T BN
F, A LUK FbR e (L] A% A S o3 2K .

3 B R AL %

AR — e, AN SR H A (675 vk i e rh I
GRS BT AL PIERMAA BL, AN 2 fes, e il
Gt 2R FH P 7 20 A ol ) ) RS0 o o 2 1)
IR TSR, TS EGT R S R RS R s T 2k
BRI Z S AL, SRIGHI D 8 0 SE PR
X IR Y 42 1 4 2 S RO A TR, SRR B
Ak 2 X S BRI R 2 ) e SRR R HE st/ b. FIDE I
R BEAARL, o T X S BRI SR A I T
TSI B P “ e L KR A K SCER S AR R AR AE 2R
e, IR 5 7 B8 ) T B2 T R, ad i

T

—————————————————————————————————————

I I
I I
I I
[T BEGLAE, | [ i
: Bl | wraemn | RERBIG BE - :
I, E
BHITH

i
B TRZE G L Gz | [HO |
| [l [ | et [ g Bl |

____________________________________

HRE L
il

K2 EN T IR E

Fig. 2. Flow chart of positioning method.
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Fig. 4. Simulation experiment: (a) Diagram of simulation experiment; (b) received signal waveforms; (c) sound field aberration A(¢).
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Fig. 5. Training process and prediction results of the pre-training model: (a) Variation of accuracy; (b) variation of loss function;

(¢) prediction results of the pre-training model without mismatch.
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Fig. 6. Prediction results of neural network model with environment mismatch: (a) Prediction results of pre-training model; (b) pre-

diction results after transfer learning.
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Fig. 7. Prediction results of sensitive kernel function with environmental mismatch: (a) Location results of single sample; (b) results

of multiple samples.
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435k 35, 40 A 45 m, [RAEEAE 50514 2.5, 3.0
3.5 m. PRFFHAWGT HSHONE, B B AR U R
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Table 2.

function mismatch.

SehrERR SR HARBRE HARKECI B TR 27 > i B

FUbR B pRBCR BN 9 07 L4

Simulation results of target scattering

RE/m P /m HERI /% R /%
35 2.5 7.2 95.2
40 3 79.4 96.0
45 3.5 74.8 93.6
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4.4 BIRERERMNES T

15 HIREE 16 S U A 5 SE PRI IR S 8077
TESTL, 25 T 2R 1) s Ao PR R RS K 4
SRR, SRS (A RS IR 550 5 A e b . 4
b KD, O ELA5 Rk 3 fra).

£ 3 EIRIEFURBCH 7 A
Table 3. Simulation results of sediment properties
mismatch.
SR #E) R/ RIRBURECH IR
JEBHEI (geem ) (mes!)  FHUVERZ/% BN/ %

B 1.806 1668 78.4 96.0
gty 1.957 1753 74.6 93.6
HEF 2,034 1836 71.0 92.0

LA, PRI IR R 55 (7 5 R AT
TER LI, O ZRA58 R ) T A 2 TR T 20%
Zedn, EALTTIRRIVEREZ BB, HARBCREE
R, I ZAE8 F) F 0 M Af ARG 22 ad RS
2T Je A 22 I 28R ) T HE R R A5 B T, A BE
AR TCREE BYBE R, TN A 52t /IR T I
(EAE SEBRIEE I B LD Y 5 B0 R 15 REIAE] 92%,
X W RE 37 75 VR o TR I B A B A A A

4.5 BETHENHRIERESBES T

R RS B B D T RRAIE 7 4R AL 1
AR, R BAsr FRgimes, A fext g4
S B H AR AN SZBR B AR R WIPE R e i
BRI, B H AR R 40 m. A 3 m,
SR HARAYE 2R 60 m S50 5.6 m, JCH:
2k FLAFAE. AT ECh 25, K STFETTEU
W36, PREFILMT ESEORE, i HE RN 4
B A & S BECECh 5, BRI C R I 17—
23, PREFHA DT S BOAAE, (B Rk 5 Frsl;
MR R TR TC R AR EE, & 5 AN RS BEIT A ik
TREEZF 510 20—32 m, 20—80 m, 68—80 m, 1443
FAbF ESHONE, (B3R5 6 i3

H 3% 4 e 5 T LA, S8R S R T B
JUHCEE I, AT DAAS 2 MR R T i 0 T 2R HL
TN AR 1 2 57 1 B 32 H b R 2 BE 1) 52 i 58
N, G BHEER R, S BEICEN S DUA H A
TR P 00 4 O R X PR R R L IR TR
A 2 SRR EL B 2 WS
23 [ A5 I 4R B AR 20 2 5 B AR B A (E

SHE, WOTE A AR R S s X
) AR EAFIEAR B, A B TR g g fe o
XL B 2 B2 M, REAS S - I R o
22 2RI | i v AR N B .

w4 AL EECRIN 7 HE R

Table 4.  Simulation results of different number of

transmitting array elements.

eSS JOORBCI BN e FARR O T JEA% A ) J Tt

T /% R /% R /%
3 95.8 77.6 89.4
4 97.3 81.2 92.6
5 98.7 83.4 95.0
6 99.0 85.4 95.8

£ 5 AR TET R AR
Table 5.  Simulation results with different number

of receiving array elements.

PR TOR IO BN EARRECH N 3EA% 2~ I i

ORI/ % I /% TR /%
17 92.6 71.4 90.8
19 94.6 7.2 92.2
21 98.7 83.4 95.0
23 98.9 86.8 96.6

6 MZERERH, &M ITABEIRE N 20—
80 m I, SATBEERIE Jy 20—32 m, 68—80 m 17
A LT A3 A 258 T v (0 OIS AR . 32 Ky
4R B TCAT AR R/ R B v R, R
[ 4 & SR T, T 7 R A1 5 5000 ) 3 3 1 3
BEFEN, AE 0 BARO AR B A B 1Y & 4
WA TCAR AR T8 IR B B S Y L, 2205 5 Bt
) T 7 PRS2 S A, I R ICER R v e e
W2 HEROIER S, A BT N 45 5 ff i 4 H
G RRAE, P2 R AR s (M RE. TR Rl LUR
Y FEOT FUAEE T el ke S R oAk BRI T
SR O R AU, St it R ) JE R i
T AETRARER ] 90% LA b, X F B E N ik
X B TCEL AR IR BE 3 BAT BT AR

%6 ARG 1 2L R

Table 6. Simulation results of different layout

depths.
FOMWETOAT TORICR B FFRRECN T TR~ 5 1
W /m WERASR /% WHERRR /% AR /%
20—32 96.2 81.4 90.8
20—80 98.7 83.4 95.0
68—80 96.8 84.0 91.2
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Fig. 8. Position accuracy with fluctuation variation: (a) Po-

sition accuracy with magnitude fluctuation; (b) position ac-

curacy with phase fluctuation.
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Fig. 9. Position result without target in fluctuated channel:
(a) Position results without target in magnitude fluctuated
channel o/max(h) = 0.6; (b) position results without tar-

get in phase fluctuated channel ¢ = 2n/3.
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Abstract

Forward scattering of the target could cause the amplitude and phase aberration of the received sound
field, which received attentions in harbor monitoring and anti-submarine. However, the localization under
forward scattering configuration is a challenging task due to the strong direct blast. The method based on
sensitive kernel function which exploit the aberration of the received signals is sensitive to the environment
mismatch and a localization method based on transfer learning framework is developed. The envelopes of
aberrations caused by the forward scattering of intruder are firstly extracted by applying pulse compression
technique on the received signals, and then normalized by comparing with the case of intruder absent. The data
set near the first arrivals on the normalized aberrations are selected as the learning physical parameters. A
convolution neural network is trained with these data generated by the forward scattering model to establish a
mapping relationship between intruder’s localization and the aberrations of received signal, thus the localization
problem is transformed into classification. In the second step, the parameters of the convolutional pooling layer
in the pre-trained model are frozen in the transfer learning procedure, and the parameters of the fully connected
layer in the pre-trained model are updated using a small amount of data under the fluctuated environment.
Simulation of the localization of ellipsoidal targets with a signal-to-noise ratio of 0 dB under a shallow water
environment is performed for a scenario to explore the robustness of the method. The results show that the
accurate target localization could be achieved in the case of sound velocity profile mismatch. Also, the method
is not significantly sensitive to the target scattering function, sound properties of sediment and deployment of
transceivers. The sensitivities to the waveguide amplitude and phase fluctuations are further modeled. The
results show that good localization accuracy can be obtained in a relatively stable environment, and results are
distinguished between the presence and absence of the target. Since the proposed method is derived by the
model and real data, the accurate scattering model and sufficient training data are not significantly necessary.

The method may provide a promising way for forward scattering detection.

Keywords: transfer learning, target localization, forword scattering, environmental mismatch
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