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Abstract: A shallow water interface interference separation and sound field reconstruction method based on
the equivalent source method was proposed. The combination of the ray acoustic virtual source method with
the equivalent source method can effectively separate the impact of interface reflected sound in shallow water
conditions, and accurately reconstruct the radiated sound field of structural sound sources. The virtual source
method model was briefly described in this paper, the basic principle and algorithm implementation process
of the interference stripping equivalent source method were given, the impact of different frequencies and ho-
lographic surface configurations on the algorithm was illustrated through simulation, and the advantages and
applicability of this method compared to conventional equivalent source methods were summarized.

Key words: equivalent source method; virtual source method; interference stripping

Wk H . 2024-05-18
VEH I« ZERGHE(1996-) , B3 A1, TR2U , 3B IHAE# , E-mail: 1227644575@qq.com;;
TR/ANIE(1985-), 5 B #0022 (1982-) , B Fi 4 W5 61 s W e hk (1969-) , 55 i+, BiF 5% 51 6



1794 WA 712 28 111

0 5]

T

SEROIR SR T S 4 B R R i — b, B R R X A R AT SR B
Mo ABAESZBRN I, 4 B0 T8 R 2 32 B AU SO s e TR IR A 52, 45 7 1 a2 A
Kiw2 . X FRXFIEA BT TS 2B, HeRAF G EER LR T, BT
M,

H AT 32 3 0 AF R 75 373 B 4 AR SR T B RO [ A0 153 B 7k, 2004 4F, FRAFPHE LT
P AT e 0 ) AT 7 3743 B B R 52006 4F, Hal dP5 5o 19 447 1T b A 75 1, 32 T — ik
F SONAH 75 553 B B AR, T R INAEAE RO DL T 1975 3 8 5 2008 4, Bi A5PHE H T 3L F 485K
T3 B LN £ TR P 3 0 B R 5 2013 4F | HE AL 24 A O H LI ot a5 a0 5 14 75 35 53 B8 5 1% 5 201448,
Hu 2RI SWSM BB AL I 1 A 353 85, 16 7% 18 T HUS RN , e A E Al H i 0 & 4510 T S g
FEURY R 75 552017 4F 22K A0 T VB AG  R N 3F DD 2 ] o RS R A R AL o e BRUA RN
53K AL T RS R M AR PR R AR 5 2019~2021 4F , TR /INTEZE01O3E Y 1 B AT B 2 1A SRR 1 3
Yyra 4 25k i e 3 B M A B SRR RS A G, RO RE D 12 o5 — A7 R, X S ik
A7 EE A PR o0 A SR S B

AR SCEFRE KBRS T 42 575 I Sk 1 A2 S 1T S S e 1 [ A, 8 4R 25 R IR 1 B T T AR
BRI, RE RS AE R AR A ARy B S TR B SER  X AR PR R A A B3 A T RS
G e A . SO A PR SRR A B A A, S a5 B 2 vk R B RN E
P

1 ETFELRENFETMIEGE

1.1 [ iR AR iR
TEHR KW T ZRAE T, 75 U S 10 75 37 Hhy LK 7 RS 7 T 2 LA R DR A TR K G LA
BRI S R R A ORUKER 4
PR BRSO AT Ak P 2 DR B DR AR T T i P )
ISR AR RN 1R
PAE 1 0], i Ak P 3 g e ik s o

" ~ikR,, kR
. € . e
p(r2) = po - 2LV o+ (VaVa) Vo —+
n=0 Rnl RnZ
o R o s (1) .
(Vri VnB )HV: + (Vns VYLB )" o ] TR “02
R TR s
S S B S R Mo K N B R F o g e
SR PR TR R, 0 R 1
2
KR, Fig.1 Schematic diagram of virtual source method

R,=+r+z n=012--%;i=12734 (2
2, M HETRTE RS H 7 1) AR bR .
Z,, = 2Hn + Zy — 2
z,=2H(n+ 1) -z, -z
z3=2Hn +z,+z

z,=2H(n+ 1) -z, +z

ACH, VA DT B B 38, VI ROK R SO 2R 8, — B 3 S o 6



11 AR T AR RO B R B T - 1795

12 ETEHRENFETMOBERAR
AR A SRS BRAE , S5 AL 7 DR S 1 7R 370 R IR R R A — R A SR BT P AR R A Y R
e, = (4) frs o

p(r) = YW (r)G(rry) @)

A, W (rg) SRR IR, G (r, ) G AR PRER

FEAT BR 25 () K 3 e, 5 75 5 A S 1 75 St 2l ELIR S K T B S8 75 KRG B 337 28 finii B, 4n
2 s o

P SRR AR PRI 5 A FEW S A B FS 375 ] B A S Al AR P I N R SRR A b B AR SR
KT 08 S5 800 =2 a5 P S i &, an &1 3 s .

JK T {&
R, P

PN} E\}\\\\\

IR IKJE Qﬁ/ -7
12 P B R AR 5 7 2 e
Fig.2 Schematic diagram of superposition of i
radiation sound field of shallow water B3 RSSO T S s R
structural sound source Fig.3 Schematic diagram of equivalent source sound

field superposition in shallow water
e BB MAS S R 3 MBI R (4) B TR 2
pu = puW (5)
KA, pu = [p(ra)sp(ru)s =p(ru) 17 9 MOX 1B 2 BT R TR (0] 35 W= [ W (ry,), oo, W (ry), -
W (ro) "5 AN x LB SR [ s pr, 9 MOx N Bk AR RSO I 76 A & R, &0 E N

‘jk‘ Tk T TEi |
€

[P:l] i = G(rysry) = (6)

41T’er - rEi’
W N A SRR LN T A5 00R  28 ASRAOIR AR RS S80I =843, M x N A% b o 5086 et 4

figk AR 14 =38 73, M2 (5) AT e

W,

Pu=[GwGmeWﬂWf } ()
Wboltom

S W, R R L W, P R R L W, K RS R R R B W =
[Wos W W | 5Pt = [ G G Grn s 050 M X 1[92 ST 5 [ B
A P RS p, A AR R B pr, SR AS SF R SER WS AU W, K e 59 75 5, (8 T
SRS A BD PR 6 R R
Prec () = 2 Wo (ru)Go (ror) ®)

S0 73 8 S R R FL AR AN 4 TR



1796

FEAA T 2 5528 &5 114]

éﬁﬁ%&ﬁﬁﬁi—]

kY R R

ﬁ&%ﬁﬁ%ﬁxwi_J
(. 5. K

SRR A 5 5 UK
A X Yo 2o

(Glop ~ G() N Gb Otlom) (me N WQ N anlmm)

BRI R W,

A

P ER AR MR R G

TR B 3R Prree

K4 0o e s Rk R
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