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Abstract: Strong target interference severely affects the detection of the towed linear array. In order to solve this prob-
lem, this paper presents a method which combines blind source separation (BSS) with spectrum subtraction. First, the
interference response on the array is got by combining the BSS with the strong interference orientation. Then it is used
as the reference channel of the spectrum subtraction and the main channel is the original array received signal. Finally,
the target detection is completed by the beamforming. And it is tested by the simulation wideband data. Results show
that this method can preferably cancel the directional strong interference. It obviously increases the spacial spectrum
power of the faint target signal and improves the detection capability of the sonar system.

Keywords: Blind Source Separation; Spectrum Subtraction; Interference; Beamforming

B B SR S I R TR

BEE, F F, KER

I IGEMME B 5 SRR, K&
Email: dlkangcy@126.com

Weks H 9. 2013 4E3 H 16 H; &RIEH: 2013487 H 15 H; SAHHB: 201348 H 16 H

1 F: EETIE R R NI RE . ASCIR T R E VRO B S A AR 4G A 5 H AR
TN % E I B IR BANSE H AR TP LA B TR RS L Rgma R, R A NI L IS 5T,
FIME NS Ia IS S, SRR 13 B0 H TS RSG5, BRI AR BT 258 B H AR B . 47
AR ISR Y], 12 A AT A7 PR, W R T 5 HARE SRS R RE R, B9 1 RS
W P ARSI 58 H ARAS 5 (K fiE

KXW BEDE R T BOREEL

il

L. 5l Bl B4t B2 21 7 R 2, 3 O 4 PR ER U e

IS e ok W N V=RV b s B Al | =R I X 38, BN A AR T2 77
TEFETS H AR, e ks gk B bR e 1989 4F L. C. Godara 55 N HH (¥ BB AU A,
P71 RO ER IS X o aufe] #0358 H AR Xt SR B 3 L B AT T IR 7 i — b B e g
HEATH: ERERRIEIES(61271443), BT HeAmib ik, B DKk Ty

Copyright © 2013 Hanspub 15



HIRD & Sk &

PSR4, D7 B T S B R RAOR

B F 4 2 (Blind Source Separation: BSS)&—Fh{E
ANFITE G T AL REE S EE LT, SR E S
HIE RS GRS EENNAH S, RIEm NS
SIS TR, A EUINNE 5k E H RS 5 & Ao
A HITERY, BRI T E R G, EYEE,
Wk, FEYIESUEAS R T I . BT E RSB
AR AR B &S A, ATIUE S RISRA SR 1
AT, WL SRR AT, SRt T A E R
oy B S RGE A S5 ) 5 B AR TR H U7,
55 H AR5 B AR SL3 R BH, %05V AT AU
FRHITT e 1 5 B ART-PE, AR T3 i B 51 R 7 g
()55 H Frs il g

2. BEHIREY

% [ IR 4 (ULA: Uniform Linear Array)Wl
B 1 PR, e MANEETAE ) BEHES — BLZ, BEJclaliR
Ndo FRBRGE: 1) BFRENRERES: 2) BEIIAT
HARIR R IX, HEECZ B A 3) HARIERIE
H/NT RS R T H

1 BN, BEREEE m MR oo fE STk
N

Xm (t) = Zsi (t_Tim

i=1

)+, (t) (1)

Refx (), 8 (1), 0, () M BIFRE m BETE B
(55, 450 A ERRUELS BRI m e LB s
i T MM TN 5% BB M5 S (O )
SER, WS PIA R R A, ] 7
BEBEICE B IR, AIR(2).

Xa(D=2S(F = en, (1) @

Figure 1. ULA and angle of incidence
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Figure 2. Spectrum subtraction principle

2. iR EERRE

Copyright © 2013 Hanspub



HES S5

B 2 dy(t)=s(t)+n(t) FoiiafE s, HEGE

(545 s(t) J PRl S, TODIPEMERS n(t) 55455 s(t) 1
PR . N () 0k 0 75 (1) B 16 B2 A e,
4 () 1R y(0) B

Y (0) + S(0) HHFT y(t) + s(t) B
A, RN RN PR, Ebe

¥ (@) =[s(@) +|N(@)[ +2Re[S(0)N"(0)] ()
th
E()Y (@) )=E(ls (@) )+E(N(@)f
+2E{Re[S ()N (o) ]}

T B s(t) Fln(t) A4S, WS (@) AN ()
WIS, TN (@) A B B, T
2E{Re[S(@)N" (@) || =0 . [HitkATLL13E]

E“s(wﬂz)=E(W(wNZ)—E“N(wNj
BRI 43 245 5 22 p Ak A
s@)=[ ¥ (@ N (@) |

EHAREER, NBFIERI AR, e
s H A K (4).

(Y@ -IN@F] (@) >[N(w)

0 Y (o) <|N (@)

Nao

@)

3

i

s (@)=

A RPR AR

7 1 P 5T R T

4. FDHITF EME SR T AR E

M 25 AT DA H ek (1) R B A T A
Py, RIFEEAER LGS . RS EERM
T SNBSS I B IR S AR, B E Ry
B VP EEM EREGE S, T E AR 2 2k
ST AR AR AR, o] 15 0 BT PR AE [ 4
7o DRI 36 Jo o At 4 B2 A1 B 7 g B AU AE 5 kAT
RS, LSRR B AR TGS, ARIEIZE SR
JRSHE O D T R T LR 5 B MR R, R
H E oy AR TR R PRk, ALK e AR
DV RIE e B 2 IS T (B ), Ak BT
FE M, SO 3 fin. B 2ext8iuE ST
P AR, KRR R FH AT B R 43 B VR AT
S, WRYET TS B R B A T B B
SHIREAT RS, EH AT EARE S
FRIRAE RS T4 H brfE 5 ﬁﬁﬁm,wﬁﬁ¥%ﬁﬁ
F B R, R A AR R R 1E
FH05R Hbs TR A5, Shi g st 2% T T
PELAAME B ARTERES R, 5 HE AT I A &
REIFR A . &JEWATE A Xﬂ
JUEEEINSNRl N A ST NSV 7N a8

B 3 B s A o L A G 1Y) A2 5 VR A0 5
REHTMEESE S I EN . FHOE 725K FH SOk
[ﬂ%ﬁ% SRS W 1 SR FH SCHRR 710 7 YRR 7 88

SHRAT ISR, SR TSRS 58 B AR T4 7 A% oy 25

LA
/Ell:l

Nmm ‘M

PN

SRR E
HEA, M

=P o M

THTTbE 041

Figure 3. Cancel directional interference model combined blind source separation with spectrum subtraction
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Figure 4. Spacial spectrum of classical method and MVDR method
(10 degree orientation difference)
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Figure 5. Spacial spectrum of classical method and MVDR method
(5 degree orientation difference)
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Figure 6. Spacial spectrum of classical method and MVDR method
(3 degree orientation difference)
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