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Research on effective detection algorithm of
torpedo to enemy target in the background of weak signal
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[ Abstract] Under the background of sea water reverberation, torpedo’s detection to enemy target is greatly disturbed and the
detection signal is weak. In order to improve the detection ability of torpedo to enemy target under weak signal background, a signal
detection algorithm based on aortic impulse echo detection and blind source separation is proposed. The weak signal echo model of
torpedo contrast target detection is constructed, the interference suppression and spectrum enhancement are processed by cascaded
matched filtering method, and the signal blind processing is carried out by auto-—correlation beamforming method. The detection
ability of torpedo active target in weak signal background is improved, the high order spectral characteristic of target echo signal is
extracted, and the accurate location and parameter estimation of target echo signal are realized by using complex envelope detection
method. The accurate detection of torpedo to enemy target under the background of weak signal is realized. The simulation results
show that the accuracy of target detection using this algorithm is high and the ability of torpedo detection and enemy attack is
improved.
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Fig. 1 Structure model of filter

ARG 1 BT/ B DR 25 4 M B, AT A5 5
WP IR P, TR R S R T A SWVD ik #Ep
WA G (1) = W, (= ¢,f), 135 Bl #E
(1 SWVD 3R Ak A s B R AR 1S R 25 A 3 3
T Bk A9 B A0 R TR K R S A

3 (1) = [b(r, d)explizmdu] f(1 = 7)didd (4)
¢
oo, b, ) Ja g0 7% S ko 1 9 5 0

TR RE £ () AR S ko i £ A AR
ARIEBHE A%,  EE RES AT B4 &




86 & OAe

L2 N A | = T A

9%

AT ko A5 S BBURS FRAE &, % H A [l
PR ) WVD A2 IEFR A WVD ( Pseudo—wigner—
ville distribution, PWVD) , %€ LM .

PWVD.(1.f) = f;z(t ‘ %)f (1 - %)h(f)e‘f’zﬂﬁdT -

W.(1.f) % H(f) (5)

Holr, % SR FE BRI h(1) K
G BRRL AT () R I G 2 SR PR
1057 A AT AT A R R

SPWVD(p) = [ [ eCoh(Da(-u+

/2)z" (1 —u - 7/2) e ™ dudr (6)

Hd h(7) Ml g(u) J& Hilbert 3% 131 BRit o445

BRI, H h(0) = g(0) = 1, RIMEIEF# £ WVD #

11 BAR 55 AR AR AE 0 3 $E s 5 A IR
ReaE,

2 BB ERL

2.1 BEXKEREHREESEGLE
e bR R T A0 F X G E ARSI A4 s £ 5 [
WA IR IR DL B8 e 7 ¥R AT 15 5 19 T3
G R g Y B o i E B Y 0 K R
DAL, AR SCH H — b 25 T 32 Bl Jk e [ 30 2 00
HEDETORNE SRR, 456705 it
AR PEAT IR o B, A% B A ER F S ko 1A S 6
R R
v =foten L H R )
o, () R HMCEN 8 T2 sk R s
(ORI A R A T s p(a,b) HHEFARREHLY R
B o TR F KR IR AE T A B SE S HL b
R B, Frb o B A B AR e ) 2k 0
X,(w) = Fx(0) = FLx(0) ] = [ K (tu)a(0)d

(8)
Horb 7B AR By il e B3 X, (w) TR

IRA
1 _jCOt 63 -"zmla e 'ﬁoota—j[u(‘scot
JTGG f_wx(t)d : de
X,(u)= Ja # nw (9)

x(u), a=2nm
x(-u),a=2n x1)w

Hr, p i FrFT B, SR B IE 897 18 D
WVD ( modified

smoothed pseudo wigner ville

distribution, MSPW VD) F R #:47T B A5 5 19 F AH G UK
FOEIL, 5 LN
usPwvD (e, = [ [ SPWVD.(1 )81 -

1 f))8(f = f(e f))de df (10)

Hd (0,0, () SRR S
S P A R LD A% 8, 3B [0 5 5 1 7
TSR A P — e (8 S 5 30 A 3 £ 5
w (1) WIS BRI B UH

(DE
W)= [ x(t+7/2)x" (1 = 7/2)e ™™ dr (1)

-0

WA «
W)= [ X0+ 2)X° (0 - g/2)P%dE (12)
A LA A2 BT B o 0 A AT ok A e 2
e, LA B S HARE S EE
TAL R, S T I R T AR e ) o
2.2 BEXEH BARaYE RN S
R P80 8 B2 e R4 T A0 7 S Bl ke 1]
{E 5 EhBRARAL T, s 5 o 75 5 T i8R 3k
PRIRTREAF A BE 1, 753 [R5 A K foiple e 125 Oy
Sl =x( n’]:izn z,,) — H’inlbn Zp,) (13)
l=a-fl+b (14)
Hobr, a b Fon e BB X T 45 E B 500 5
IS AE S T R T B R S ko [l fE S
x(n) FRE d, R Tk AR 1 e Rk
A 2216

ny

my my
2y = max{max{z, } — min{z, } }
= xX=n x=my

(15)
(] 9015 i A RS 1) B Ry 2 B, 15 3R
SRR SE a, (1) Flay(r) B FHE
{al(t) == 2m(t)cos(0(t))
a,(t) =m*(t)

MRS 5 5 5 P EShk b IS 507
s R ESHE A HERY BRI E S
SRR KR IS S ik AL AR |

{%u>¢3u>+x%w
x (1)
d(t) = arctan{s<t> }

K, ale) M 2(0) BERPIEEE , & () FROAAH
S HSRAMARAL, R AR, R A
2RI 7 S BN B AR B AR5 B ER 8 6 S i
it SEIX S 15 5 15 ¢ N A0 & B A 9 HE

(16)

(17)




514

SN, 2 PSR TSN AR R F AR B A S S 87

o,
3 (ELBRSRNEREN

R T IRRAR SO AR S (5 5 i o PR
T BBk R 5 A I b Pk B AT ELSE G
SR A Matlab 7 05 BLR (5T, SC5 ) £ T
Bkl [0 £ 5 R 2 MR IR AR A 5V S s 5,
Xt B b [ I A 5 K6 0 1 SR AR S 80 1 000 A, B bR
() 1B Jik oh >4 300 Hz BARR A 55, i IMF 43
EARAEREIFGY 0.24 s [F5 MR 1 024 4R 408 1
W FEABE S HORE , T HARRI A 5T, 15
i A0 BAR RS S BOE K 2 B,

1.0r

0.5

-0.5

-1.0
0 0.2 0.4 0.6 0.8 1.0

tls
B2 BiRERESEE
Fig. 2 Target echo waveform
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Fig. 3 Feature extraction of signal
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Fig. 4 Test performance comparison
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