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D s HE. RIE F—T T, Rog PIOTGE
TR BRI, WU B Roq. o SR IR L 5E 1
3T, AT FC 2 AT Rog XA TS5 SR A2 .
A e/ 3R KA (20) 3K, WA

min f($, D). (22)
S,D

¥ f(S, D) EFF, 133

f(S,D) = tr[(Rxx — SS" — D)
X (RXX — S’SH — ﬁ)H]

= tr(R%y) + (S8 88" + tr(D?)
—2tr(RxxSS™) — 2tr(Rx x D)
+2tr(DSS). (23)

TR (22) R, A £(S, D)X S D S
N0, g5 Hqn T [

of(S,D) - o oH
9IS B 9P — 2d(Ryy) + 2d(88
oD (Rxx) ( )
—0, (24)
015, D) _ 956"6 9R\\ S+ 2D8
08"
—0, (25)

2 d() o O B X A E I G 3 AL £
HERE.
IR (24) K, 53] Dl 558558
D =d(Rxx — SS™). (26)

M (26) SRgE BATLLRBL, X T4 2 S, 24 ALY
FIH (26) Rit5 D, f(S, D) iEF5H/ME.
W (25) 3%, 1551 S 1T 4R A
(Rxx —D)S = SS1S. (27)
ML (20) 3K, RIS WA Me— iR, XL ot
TAEE— N IEZHRE Z, 45 oL
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|£(Sks1, Dit1) — f(Sk, Dy)| < &, ejjﬁHF 5 E I
PIBRAA. L H LS BT Doy A1 Sop. FIEIR
WABIEENET D,y

TESEBR M A, B ZH B Ry x 2 ARFNHT, 7]
DU I A PR CRAE 2% A 5O TR) | 71 3545 21 %
FEWD 7 ZE5E B, A2 B ok AR B 250408 o U7 22 0
N R.

1 N
=~ Z n)XH(n (32)

3.4 REDH

B TR H IR T 2 T Roq, D415
RIFE G RAAERZE. AN T Roa VAL
N M Lo 22k AR 45 SR I 5

Mgz (21) R, f(S, D) FrAN

f(8,D)

= |SS"+ D - 88" D+ Ro|%2.  (33)
(33) NG R EIR, BALFAE Rog N, _E— /NI
ARAR TR B S HE A 1 A5 1 H S T D. BRI Rog
— B S S F D [l 45 R, 2 AW
R

¥ (20) AN (27) X, 152

(SS"+ D - D+ Ryq)S=88"S,  (34)

A, Ryx it E D BEE S 7o, (4
Rxx — D {55 % B RORFAE B K. 4R T i F

Roq WAFAE, 1315 5 TR AR E, 155X M
(RS AR 7 A2 3l BB, TG T R 22 80K
€ L Dg M Vg 735l i AERE S S 1 BT A R AEAE 2 AR
FRY T A8 R B2 RIS T2 PR AR 1) 8 2L ol ) R I, R

T SSHIN E Roq LU, X Dg KIS BN 1K L
w512

SSH = VoD VE

Dy = diag (ny nz - nar) (35)
W, m = 1,2, , M 2R SSH [ H5AE (.
LHEQ = VH(SSY + Roa)Vs = (qij)mxu,
M QA FFAEAE pa, oy -+, s, 5 IE VERG Vs =
(bij)vrxars W Q HIXTFITCE 5 N 0y + by, m =
1,2,--- . M.

EIE HFEA = (aij)nxn —VIRAEE A AE
B NEREKIEEZN, Hif/REE ST
T AN 2AE 21 T B A 1 X3

Z |ai;]. (36)
j=1
i

H1E BRI, A7AE 15, @*&?%':
[ — (mi + big)| < Z |qij| = Z |bsj]- (37)

J#z J#z

|z — aii| <

TRA

|tk — ni V' RoaVslloo,  (38)

M
| <D byl <
j=1
A ||| oo FETNHEFE ) TG 55 VL. MR FE B VG )
MM, (38) XA 5 A

e =13l <NVl loell Vsllsoll Rodllc- — (39)

M2 (39) X, KILSSH Itk Roq LG, X Dg Ik
N3 || Rodl| oo HIRE.

ML (26) X, D RELT Rxx — SSU a4k b
ITCER, 1M Roa HIXT AZNO, IJLtROd#TA Xt
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cor <>, SNR; T + <~ T 1 1 1
cor <+, SNR; | <~ ol T 1T
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TP R E LR,
)& LAMME T B S M L2 —FE Y, B
SNR; = SNR;,l=1,2,--- , L.

)
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Fig. 1. (color online) Direction spectrum and the estimation of the noise power: (a) Direction spectrum with
—10 dB; (b) the estimation of the noise power with —10 dB; (c) direction spectrum with —20 dB; (d) the

estimation of the noise power with —20 dB.
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Abstract

Acoustic environment has low signal-to-noise ratio (SN R); hence, array signal processing is always used for reducing
noise and enhancing signal. Because the delay-and-sum beam forming method is robust, so it is almost widely used,
but the array gain is limited by the array aperture. The actual underwater ambient noise is complex, which includes
uncorrelated noise and correlated noise. The noise powers of array elements are unequal to each other. The noise
covariance matrix is not a scaled identity matrix. Consequently, the performance of array signal processing method
decreases obviously. Aiming at these two problems, a diagonal reducing method of the covariance matrix in the complex
noise field is proposed. Firstly, a reducing matrix, which is defined as a diagonal matrix with unequal diagonal elements,
is subtracted from the covariance matrix so as to reduce the noise, and a new matrix is obtained. Secondly, the delay-
and-sum beamforming is done by using the new matrix to obtain the beaming output. The analytic solution and
approximate solution of reducing matrix are obtained under the constraint condition that the output SN R attains its
maximum. Thirdly, the estimation of the reducing matrix is determined by minimizing the function that is defined as the
error between the covariance matrix and the estimated covariance matrix. This minimization problem is accomplished in
an iterative method. Fourthly, if the noise is uniform white noise or the nonuniform white noise, this proposed method
performs well. While, under the complex noise field the performance of the proposed method may be deteriorated. So
the effects of the correlation of the noise field and the input SN R on the estimated error are analyzed. In fact, the weaker
the correlation is, or the larger the input SNR is, the smaller the estimated error is. Lastly, the simulation experiment
and the lake trial are implemented. The simulation results show that the diagonal reducing method of the covariance
matrix reduces some ambient noises, the noise output power decreases, the output SNR increases, and the proposed
method improves the performance of array signal processing. The experimental results show that the output SN R of the
target by using the proposed method is increased by about 14 dB. The diagonal reducing method of covariance matrix

has definite value for engineering application, and is computationally attractive.

Keywords: underwater noise filed, diagonal reducing, beamforming, least square method
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