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Optimal detection algorithm of ship radiated
echo signal under reverberation background

WANG Xuejun

( Guangzhou Huali College, Guangzhou 511325, China)

[ Abstract] The target can be accurately identified and located by filtering detection of ship radiated echo signal, and the detection
stability is not good under the strong interference of marine environment. An optimal detection algorithm of ship radiated echo signal
in reverberation background based on multi—-component empirical mode decomposition is proposed. Multi—resolution array sensor is
used to collect the echo signal of ship radiation, and lattice matched filter is used to filter noise and suppress interference. The purity
of the signal is improved through multipath interference suppression, and the spectral feature of sonar pulse signal is extracted by
multi—component empirical mode decomposition algorithm, thereafter the accurate positioning and detection of the signal is realized
according to the focusing characteristics of the spectral feature. The simulation results show that this method has high signal-to—noise
ratio, good time - frequency focusing performance and detection performance, and has good application value in the fields of
submarine and ship—to—ship target recognition.

[ Key words] strong interference; ship radiation echo; signal detection; empirical mode decomposition; matched filter

WATARLFHY R HHE.

X 7K SRR ) S5 A A A S [ £ G e
SEAEAK PR A S A I R B B mh b 455 15 5 AR
SRR T 5 SR BT T, SEEL

0 51

BEE IG5 515 B AL BEEOR Y & e, R G
PR 5 Ak BT 5 R T 91 5 S Ak 257 S B

PO B [0 {5 5 Ak R, i v e 7K A T AR A
FURAS DU AR BE ST, AEAU R S [ e 55 s e
G l} N a7 | R e W 2 @O W B
WAT S AL () 23 H R o, B AR M L AS et
X R 5 (R0 A 02 i T AN, T B ST TR
i 5 S5 A S0 1m0 0 15 2 DL AR A N 0k, 25 B 5 5
R AT S EOG T, SC%t B AR 6 O Ak 1R 3RS
W AHSCEEAE RIS AN A S W) 45 45

X ok P SR 2 SCik [ 4] H 4R 12T WVD Al
STFT FFAE53-f B Dk vp A5 5 R 353 | HUHE 2508 A% ok
$1%) Choi—Williams 4347 , >R FH i 38 i SE BT 3 8
VI E) T U RS valll I (ERE Ay s wp i\ L I E N )
SN A B B BT L RE SN SCHR[ S ]
HR B R BT R e T AR R U AR ke
SRINGA 3 A PR AL 5 i L E
FEIESR BRIV, AHIZ 07 VR TSR TR 0K, (Mg

EEBAT: £2¥22(1973-) 58 8L DR, EEOTS 07 0 55 515 AL AL B HAR

BIEE . T#%E
s BHA . 2022-12-06

Email ; wxjgdut@ 163.com

e B E L o745 4 L5 & A




222 B o /5 M5 MM

ERRES

TEPCRETIAGE o BEXS L3 ), AS SO HH 2 T 2201
R RS TR S AL AR [ P S Ak
RSk . B SR 2270 B [ 9 A T i S B R AR
PR 1D 55 oR AR SRR R 220 B 2 RS
IR SREPRIBOK R ik o (55 BT R AE 1 ARSI 4R
ik 1 3R AR AR S B (5 5 I HE R (AR )
AT SEHRNE, R 1 AR S5 1 A A v PO A8 [l
A5 PLHHUMAERH RSN BE 1 77 10 i DB P RE

1 MRS EEESRERERE

1.1 MAREHERESEER

N T S BRI T 5 LA S A S e A A
I e B SR A R S AR B 2 8 A TR
{5 R Xk R 5 (4 LA 4 55 [l e 15 AT A
SR MRS UE U, SR A 3 7 2 1 R 4 R A il
TR T S A BT AR R O [ A S 1
T > AR, RS (55 R ARG SEIE N v(1,6)
Al

Y(16) = Yo, (00 = X, (e (6)

(1)
Lo, <« " FORE I T o,(0) NE S B
fiEd s x, *(¢) MG, SR FHAS i 1 38 W A 3R Ak
B i, ST AE R T 5 S A (4 FE Ay
v(1,0) =" (0)x(1) =x"(1) 0 (0) (2)
K, H 7 IR AL A B « (1) F 0(0)
3 50 R PO 8 ST [0 £ 5 0 2 A B [ AR A7
FNGEIRFAEAE 7 B 1l 1) 1, 453 380 A0 0% A S
1455 BRI BRI w0 (1) , PTRARR N
x(t) = [x,(1)  x(2) ()] (3)
w(0)=[w(0) w,(0) wy,(0)]" (4)
T B 1) 1E 5% A5 5 45 AR 4 78 5067 [ I
TZAE 5% A5 5 1% e AT 0 17, A5 B I SE REE R 7,(0) =

é 0. % GBS A 1 B ), 15 0 00 A o
& BRI, BB A IR AR N, | H(jw) | -3 dB
SEETE K I B TR A P BB

e(n) + X Py(n)e(n =j)= X Oy(n)uln -

k) +u,(n) (5)

Hrb, w(n) WA TN, 0,(n) JKHE Ik

IS A SE S R, R0 I 9 % B A I B o, A+
PR S 1055 A A PR o] Py 370 g o O

2 (0)= (m = 1)ro(0) = (m — 1) Ssin 6,
c
m:l’z’...’M (6)
I 7, (8,) = sin 6, LBV FITEL 10

HRE I SERFAE SR, ¢ 2 I B35 A M A3 ) RO A
A AL S 1 055 o S P SRR R 7

Zgl(el)‘s[(t)
xl(t) ., i=1 A
2,(1) _ ;gz(ﬁi)si(t —7sin0i) N
%y (1) 4 A
Z{gfw(ei)si(t - (M - 1) Tsinai)
n,(t)
Y (7)
nM<t>

Horb, s,(0) G SRR, oy, (0) S8R
oriE, SE I B KR K b S B R A R AR
AR5 SR TR 2R IC P 0 0 4 I P 0 0 A~ e
il bz
1.2 JKFERKRE SRR THME

2 SRR R A (M P IR SR JH DTG T 208 R AG: DU
T AT AR A [0 P A5 5 IS BORUN e — 4
(m,n) EFEATARARR ST A5 5 A 248 T 0l
ST AR AR S 01 P A5 5 ) 2242 0 B A DU AR e i
2R T A4 7 A B AR S 0D 055 O R SR A
FEESAREE, Bl x(n) | R IIE Rk O-FREREDL
AR 15 AR S [ A5 A 2T SR A A

U x, = f(ay)

wk_(ek]_(yk - h(x,) J (8)

2w, W2 n AR S 119505 5 i b AR A

FROUES AT AR AL R & B RN & B R AR 40 )2

k= 1AM A8 o0 iy AR, 2 s(8) — s(e) s(8) —

S(f) FRATKFE BRE SRR AR b 45 B B4 51 1
el

T (x,) = fp(gk P X, Y)p(X 1Y, ) dX,

(9)

B2 BT 7r 8 A A SRy b S 8] 23 A1 Y

e T AR TR AL A A | 2% I 4 e ik e s A i ] ]

B n e [ny,n, ], F5BILATER S 0 3055 B 77 S 4



FEEAE IR ST AR ST IS S ARSI Rk 223

55 3 3
L3 F ARy
T (x )_jp(ekl X, Y)p(0,, 1 X,_,,Y,.))
o p(ek*I ! kal’Y/.q)
p(Xk_2| Yiaw )p(xk_l LY, 5xk>ka—2dxk—1 =
p(0, 1 X,,Y,)
p(6,_,1 X Y..) X Ty (o) p(ay 1Yy,
k=1 k-1 k-1
x) dy (10)

Hrb, p AEZ BN, F5 A% L B
BN HSE W LA ATk 15 3 A R S 1=
WA T TIIH LKA

o7 =+ 1 (11)

AR T3 53T, S 7 A o S R A R T
E)153/5 0 R R & 1| VS B UK S (i DU

(D) BES s(n) FIER o (n) 53FF AE MRS 42
WA FEAS BT, e % PO A 8 ST [ 30 15 5 U A ) 1
HRTE W,

(2) A IE 5% A5 5 B P UE AL T RECh W, =
E{Zg(W,'Z) } - E{g'(W,'"Z) } W,

(3) R B & WM EAAR, /R W, =W, -

k-1

(W W)W,

(4)h T RGERIFRAE, p 781 BURS 26 200
ANT L RFRI R [ B A5 5 S I S R W, =
W/ W, |5 TSR] w(n + 1) a0 + 1 EFZISL
R ja Al

(5) ST AL A0 4 00 [ 90 45 1) P43 067 080 12 1 11,
w(n)=w(n-1) +k(n) , FEMAGT x(n) FE
ik o(n) AR SR BEER

2 ESHNEEMRL

2.1 ESHEHMERE

HRAE F R b B X R AR A5 55 2R F AR ALUC FiC Uk
g AT MR P Y IR N T 41 ) Ak R S i 224 TR
MRS5S ALl e | Sy AR 5 15
AESZIBUBRAY A5 3 & B e iR i i ol

X, = A§412( a,cos 2mhn_ b sin 21‘;\?’1)

k=0,1,--,N-1 (12)

KL, o, RRFESH=FRG ERE, EAFESH
B, ARAE A AH G R RN A DU B iR & B LR D)
F L AREES B EN (k- 1), x(k - M),
gt P TR) P X3S Dk b A 2 ) 1 B AL 24

4 4
x = 2. b, - IFFT{X,} = Zl bx, (13)

Horbr, b, 9 AR BREL, x, AR DB IR A R
IR, i ARG R AR A DU R 5 SR A
DIR s, A3

l/
X =Y bX, (14)
v=1

FERCIERN L ULy (k) y ™ (k) R fe/MERS 23R bR
B, 7 FORE I, R Z 0 2R S
FR R BRIBUK S Ik ih 5 = OIS RFE R, 20 B2
R RS R E 1 s o ARIEIE 1 20
LYRAS IR S5 4 | S BXHE S B RRE S A
TR R,

1 SHENZRETSHRE

Fig. 1 Multi-component empirical mode decomposition model
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Tab. 1  Parameter setting of underwater acoustic array signal
acquisition
KFE S f5WE L/ dB AR e 5 2
S1 -16.906 0.453 0.241
S2 -12.924 0.348 0.775
S3 -15.172 0.351 0.856
S4 -17.942 0.691 0.623
S5 -14.708 0.489 0.621
S6 -12.176 0.973 0.161
S7 -15.839 0.816 0.526
S8 -13.168 0.819 0.855
S9 -16.364 0.939 0.101
S10 -12.780 0.214 0.228
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Fig. 4 Comparison of detection performance curves
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