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A new blind adaptive beamformer applied to underwater
passive acoustic detection
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(1. The First Unit of Post Graduated Management Unit, Dalian Naval Academy, Dalian 116018, Liaoning, China;
2. Research Center of Signal Information, Dalian Naval Academy, Dalian 116018, Liaoning, China)

Abstract: A new algorithm named blind adaptive beamformer, which is used in towed linear array of
torpedo, is proposed. In this paper, the theory of the new algorithm is introduced firstly. Then by using
computer simulation the convergent time of the algorithm under different SNR and snaps is checked, and
a contrast between the proposed algorithm and the MVDR beamformer in the aspect of target arriving
angle is made. In addition a contrast between the proposed algorithm and the blind source separation
algorithm in the aspect of estimated source is given. Computer simulation results demonstrate the good
effectiveness of the proposed algorithm.

Key words: independent component analysis; blind source separation; blind beamformer; passive sonar

1 .
90 , (Indepen-
dent Component Analysis, ICA)
o 2l . ICA
) Bl ICA
)
’ s ICA
:2007-11-01; :2008-02-20 ICA
(1981-), . ,

o

,E-mail ;. fwt5138@yahoo.com.cn



663

o MVDR
2
(1)
,(2)
. (3)
o 1 ]
f———
i |
t || o] ]
e e
N |
Y
1
Fig.1 The configuration of the paper’'s method
2.1
di(k=1,-- ,K)
01<l:1"”’L)OK 9L
o 2 o
’ 12_’
L

’

x(n)= z s;(n—-1)+n(n)

m(n)

(1)

2
P 7N V2
U

1 1 1 1
d=dl d=d2 d=d3 d=dk
2

Fig.2 The model of the uniform linear array

o le
2.2
1986 ,Herault Jutten
B, Comon™
(ICA) . ICA
mxn ( ) w,
y=wx Y=, Y2, Yn)"

e

i
s [nt ,

I

3

Fig.3 ICA-Based BSS diagram

2.3

ICA M
. Tsang ™’

o Tsang

J(t)=IE18,(t)s5(1) ]

$1(8) ,S2(t)

(2)



664

2008

’

s}(t>=xl<t+%dk>+---xe<t>+---xN<t— (N-1) 4.

2
=Y (D) + Y (D) +---yn(l) (3)
k N ,
: LMS ; (2)
J(t) )

o

VJ()=VIE{$§,(t)s:(E)
=sgn[E{3,(1)s:(t) | IVE{3:(1)s:(t) ] (4)

S, ICA 4,
J(1) J(O)=IE{$()f (s2(0)) 11,

o

o tanh,
tanh (x)=x- x3+ﬁx+ (5)
: (4)
’ (5) ’

dp(n+1):dp<n)_M(Myp1(n>+..._

L) ngn [5,(0f () 1-F(5(1) (6)

=1(i#p)
0 6) p ;
/.,L ,M o
[2]
. w, Elf(u(t))$:(t)!
E{f(u(1))8;(t) o

dy(n+1) =y ()~ (1) ) <N2‘1> ()4~

(N-1) u(W=D

2

Y(n)) Yp(N)+-+

AL () - Z sgn[3,(f () 1-flun)) (7)

=1(i#p)

(7 B o

3.1

s 3250Hz~3750Hz ,
, -15°  15°
3 °
3750Hz R

Fig.4 Fixed beam pattern for a three-element array

©=0.01,8=0.01, 50

Monte-Carlos , -5dB
, 5(a)
o -10dB ,
5(b) . 5(c)
-5dB o ble) 1
26°, -61° -14.06°;2
-26°, 60° 14.52°,

o

-14.06° 14.52°, , b(e) -
10dB -9.83° 9.54°, 5(d)
-5dB , MVDR

-10°  11.3°, ,  b()



-10dB ,
8.4°, °

-5dB

(a) , ,

/dB

14.52°

40 I I I I I | | | 1
-100-80-60-40-20 0 20 40 60 80 100
/°
(¢) ( , =-5dB)

665
, 1
ICA (FastICA) ¥
[3:0 1
6><104
-10°
51 11.3°
4t
>
Z
3‘,
91
1t
0\ L L L L L L L L L
-100-80-60-40-20 0 20 40 60 80 100
/0
(d) (MVDR s s =3, =-5dB)
o ’
S
x! ]
| ]
9.54° ‘
-30 I I I I I | | | 1
-100-80-60-40-20 0 20 40 60 80 100
/0
(e) ( s =-10dB)
7000
8.4°
6000 -8.21°
5000
=
3
4000
3000
2000
109?00—80—60—40 -20 0 20 40 60 80 100
/0
(f) (MVDR s s s =-10dB)
5 -5dB .-10dB

Fig.5 Learning curves and DOA under SNR=-5dB,-10dB for
the two-source



666

2008

(a)

(= \]
=

_4F E

72 2.05 2.1 2.15 2.2 2.25 2.3 235 24 2.45 27.5
x10*

(b)
6 -5dB  ,(a) (b)
Fig.6 SNR=-5dB, (a) Estimated source (b) Actual source

1
Table 1 The performance of the two algorithms

SNR=5dB SNR=0dB SNR=-5dB SNR=-10dB

0.998 0.921 0.821 0.803
FastICA  0.893 0.705 0.588 0.377
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