F2EF3H BFBEAESRKT A Vol. 2, No. 3
2019 4+ 8 A DIGITAL OCEAN & UNDERWATER WARFARE Aug., 2019

IR (AR 25 AT Tk R ERIIRT S

R4, WkigHE
(TEEMETEIEAARANIEL— OB, Mk T3 443003)

sat/NREZFEE LA MRM S WG 0 B A, AR T B AR &% PR ARSI B A7
k. FIRANREEZERMEFRZEAERE, KEEENAERX REERE, B EXTE KRR Z
B#TMR, FEBEBZEABK BN EA MR EE, TENGES SN EBEL LN B HH AP REA
RN THEME LR RE KR, REFEFOEMNE R, A RFHNELAN R,
AT EARRM; #IG KRR MR R; EE
TN911.7; TB566 XHAFRIRAD A

Low Frequency Super Gain Beamforming in Circular Array for
Underwater Target Detection Research
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Abstract Aiming at the problem of obtaining spatial gain at low frequency in a small array, this paper studies
the method of detecting low frequency targets by super gain beamforming technology in a circular array. This paper
resolves the correlation coefficient matrix of the circular array by exploiting the spatial correlation of the low
frequency noise in the small array, and creates the optimal weighting vector of the super gain beamformer by
weighting the weights of the conventional beamformer with the above mentioned matrix. Computer simulations and
measured data show that the super gain beamforming method produces beams at low frequency, gets better detection
and localization performance, and has good application prospect.

Key words underwater target detection; super gain beamforming; conventional beamforming; circular array
0 518§ T SEBARATT B RS 0 0 1) S AL, A% IR

for B ) RO — PR T R A o X R b
2RI BE, e/ R 65 EXELUA B e R 1Y
B3 DG, AE/NRE P B b XA IR G -5

i T BB S EOR AR, K BARY) By
2 P P LB o EOE AR AR YR R ™

i, AR S R A S SR A B R T
50~60 dB, AT 2 T PR A N 7 e AT L A
g | RS 1 WP A R AP A i 1 O TC VR T B
% 1 B e B BT A BAR K 1 A AE A 7S e R
B, 200 1 R A5 1R b A 55 A AT 5 H A

SE AL [

Wk HIW . 2018-10-12

FE [ WhAR T AR BT R4, B 25 I O L A
— /AT REY T ] o

RG2S A PR ME RS, FLPE 1983 AR SCHR 2]k
AicE Al T Y0 A5 BB R 5B 78
RK BB, ZHBARZBEM ., IR,
Bl 5 £ 7 A5 5 A 38 R 58 AR B r B R

EF RIS B4R (1978-), 55, WL, B, EENFOKT AT



;:Fk’ 3£}] RZ}:\%@QQ’ %’:_

AR IR AR 38 22 K R R T KT B ARIR AR 23 -

R, A £ P A ) TR SE B T AT RE,
NCHEF R T AR ER, (H 3R e 51
HHEE o ARSCES A Dk Bl b 1, RAWTSE T
I8 o4 e 384 4 AR AR, KRR T B TR TR /N
B 75 PRI A AT REME:

1 BB R AR E

A1 25 8 AR 1 46 XoF 4% 1% M 7 R A T 45 [ T
A {5 5 A 7 2 s DS P 50 43 o 90 P A B X 4%
S EAT S AR R A T E 5 M P KT, DA I B R
1 55 5 B M P A DGR A T, B AR R L A G
M R, IR L ) R R A

X F/NRERE, BTG RE /N F2 K, e
SR ZUAH G o PRI A R G 25 A B, AT ARAS AT s
3 ss, HER 3 dB B8R 0 /)y, o6
R I 5 7 o M e e B AR A

HRA B 51 {5 5 b BB BT RE R R A
SRS ()3 g5 Rk N

G =waa"w/w"Ow (1)
e w I B A A4 ) IR A 1) A A 1)
i oa ARSI T kg Q RMEAE 1YZS [AIAHOC R
BB

XFF&TEERE, @ MRS i 1155 j Flot
EY)

Q,; =sin(kr; )/ kr; (2)
Kb ke=2n2 PR, 2 RSB NS i
FEoC 25 j AN FF T R

2 S LI HOE BB O, BTGRP K
BF, & BETHE O S B AH G ZE T 0, Q X A
LotE N0, il NI, .

WA e HAR s, B w=a i}, wla=M,
A B E T EML, B

G=M*/'M=M (3)
AGE BRI 5 S A H P T, H A
P T ] e 2

G BRI /N TR R R, @ BIXTAZOTR
AN 0o BES AN SRATS R B LT B AL, B
w=a , WP ER/NT M, HIE ARG,

b T 25 BN
T B B RS AL, I E A Q 43 iR
y\j[3,8]
Q:QI/ZQI/Z (4)
EX—NHHRE p=0"w, HEER O
eHix Rk, X (1) "5 R
G:pHQ—l/ZaaHQ—l/Zp/pHp (5)
Xtk p A—16f%, p=p/|p| . TRHEKX (5)

—_\
dm

G=p"0 " 2aa"0" 2 p = ‘ﬁHQ—l/Za‘z < |ﬁ|2 -‘Q_l/za‘z

(6)
H, s — 172 Cauchy-Schwarz A%
AR, M HAY p=co " Pa bt XM, Hip
¢ BATEIERFEH, Ml p=0""a ., TR
AR B

w=0"p=0"a (7)
(RS Zs [a) 3 25 e ke, o RIzs R
G =a"'Q"'a (8)

E 1)V E S a N W Ay PSS )
0/, Q=1 JLIFERE, S OUnAGE f o # HLm
B, Fe RS [E) 3 £ AR A A BB RO A 38 45

7 498 i 0 TR ) A T R A RO I i X
£ MR EAT A5 A T AR B B AR B SE I T
5 S I 7 (19 23 B A DG SRR R, 2% B oo i g
FE AR SCVE AR, foe It b BEAR XS T AL B 1 B
AR ALK o B, A5 B TTRE O 7 AR AN AR DG B
(K Wras A MR ) B LEE AR, ISR )
FUA/DN o A BT S A HOCRT, E—oT
F IR 7 A R FH HE AR T O R P A BB B 5 BRAG T
M P IR B AR AR T, I I e I Ak B AR AL
AL B

B g il D s ROROE s B, Hrb e
gl F M. 01 360° - Lk —E B KU,
AP B2 B, i Dy BRI 3R e SR
FE75 16 B Al G2 AR5 10 o MR A SC R BERE Q
XFF A REIVERE S, MR E R, EWemEE T,
A RUAF iR A DA e 1) 07 SO0 o G R M7 i



24 HF i 5 AT R

%2k

B R, B AL A I ] A PR AR E , 5 m)
DR 315 52 00 W 7 4 R S 28 B8R R A R AT B AR
AR R 4

s (D) +ny (D) $,(H)+ny(t) SO+ (1)

v

WarY.
"\
A

[O%

e i
B1 BEEEREAREE

Fig. 1 Schematic diagram of super gain beamforming
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Fig. 2 Beam diagram of conventional beamforming and
super gain beamforming
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Fig. 3 Gain versus frequency of conventional
beamforming and super gain beamforming
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Fig. 4 Conventional beamforming
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Fig. 5 (Q-Matrix weighed supergain beamforming in
theory
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Fig. 6 O-Matrix weighed supergain beamforming in
actual measurement
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