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Research on anti towing ship interference with
quarter wavelength interval array
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Abstract: There are a lot of published studies which discuss the anti-interference problem in the noise background ra-
diated by a towing ship based on the array with an interval of 1/2 wavelength between elements. Not the 1/2 wavelength
interval one but the 1/4 wavelength interval one is to be concerned because of the obvious benefit to detecting signal in the
noise background radiated by towing ship. Research shows that the end fire directivity of the array with an interval of
1/4 wavelength between elements is not symmetric, which can suppress tow-ship interference effectively. And, the com-
bined sensors with null beam pattern are proposed as elements to form the 1/4 wavelength interval array, with which the
detection ability in the tail direction can be improved more significantly.

Key words: towing ship interference; 1/4 wavelength interval array; combined sensor with null beam pattern; null

Vol.34, No.3
Jun., 2015

beam forming
0 5l &

A v TR LIS T R P ARG, R R BB
PR E T o BT 2R BNEMN, i HLF
FEAE N7 151 & 2.5 [~ o T PA) 52 10940 F A ST T3 7 1)
T, AZBEARY IR T IR 7. HELk A
FEAE AT 7 ELIA 75 BT 1), REAE b T A 32
BT BN My AR R R (S
FERTA BT TEDAFAERR “ 5 PTERIIIX 7, AE1% ) 1H
SEIVHEIES L ot B 7/ s LN P N S & ()
LeBPEFE A R IR A BE IR O AT 2 P M
TV 7/

X2k f R IR N, GE R RN R fE
FEHE, DGR RN A A U MR RN

U5 B HR: 2014-05-12; &M@ HEA: 2014-08-20

EF BT B30(1990—), Lo, WIS EhA, Bz, BF7 KA S
KB,

BIEE: %I, E-mail: zhaoanbang@hrbeu.edu.cn

R 204 (W43 2 K ] B B 4 3 46
B F) 2 [ B i

AP A T SR 2. L
T L HOR FH 4% T S [ 45 060 10 1365 17 306 0 5 A e it
FEAE A TR, RS, R TR T A T
(PTHBAR B, FZIE R 2R, —LeRfsi s R
VCHE 3% 5 v sl B e R U A A T

B3R BT SCHR AL T 2K U D) B R 4 A
TR, HBORR&A T, B BT
17 R AN BIAR DRI, ARSI A4 5T “ i
THHT” APHEN TR . A SCRITI A/4 1]
SRR B3 5 R R RS KT A4 B
I, SR P& T A A SRR P TR
(28R (5 20 I D B R AR ) o 3 R S 7E 4% 1) [l
T S BRRIEA T-WE B d) ik o] BE 23 ]
SKRES U W 2 B 1 (K1 O B 2 23 D SRR 52 1), 4RI
HEA M T AT, BRI P AN 5245 6] SR
FRAIHR, BEJCIRIBEA DA A2, AR A/4 [a)E
BB LT



%3 1

e I 1\D v & ] 1 7165 R 229

1 AR

—ANUR R EERE, AT ATERER R A “ 9T
PR B 117 W 2 1430 AR 1) A AH B 7 [ I DA A4
T34 e 21 i P 4 e P P 2 LR DR 2 ~F- U8k )
P P ity ) Y0 SRR o) PR ORI 30 R B KR )
FE IR, O R B AR HE R 7 r) o e KA, 1 L
2(a), MM IR AR 58 B A P T, A/4 [H]
PE R B ARAR ) PSR AN R, 2SS 3 A A e )
Nt KAB I, AR 02 4R R % R, P LARE
AN HFERTE S . R SCRINCATER A/4 (8] FE BT
TS B T Bk vt (Continuous Wave, CW)(E 5
BT PR R PR 1
1.1 A/4 (8 EEMERY4E R

—/NN TS HEREE T x b, WK 1, BE
JCIAEEA do — /RN f 1) CW TN S 38 05
B b, NSHAAH 0 o 0 LIIEFRIEZE N 0°0 O=—n/2 )
Wiy m, 6=n/2Kh “RIim”,

4 5 eeenns
Fd-
1 KBS HLRE LR E
Fig.1 Sketch map of a horizontal uniform linear array
HH SCHR[ 16145 21 R 1) 5 10 26 B 5 BB R 1K Dy 52
feTE D(6,6,) M

sin [Nj;d (sin @—sin 6, )}

‘N sin [% (sin @—sin 6, )}
e e A B A=c/f5 6 W51FTitisM,
R RAG 5 17, SR ARRAR 1) 0 A T
s d IFETTIRBE: N 9 BEo G B L=(N-1)d .
T d=a/2, HA)ARE:

< Tk
G 7 1) JE& 7 )

2

D(6,6,)=

(D

. | Nm, . . il
sin [7 (sin @—sin 6))
D(0,6,)= - = 2
N'sin [E (sin @—sin G)
X d=1/4,
12
sin [# (sin @—sin 6))
D(6,6,)= - = 3)
M sin [Z (sin @—sin 6),)

A, N ECM RETCE A P ) EE R R KA )
i, 5 M=2N-1.

)M 31

D(-n/2,n/2)=1,  d=1/2 4)

D(-n/2,n/2)=0,  d=A/4 MNIEE  (5)

D(-n/2,1/2)=1/N?, d=Al4, MNZFH  (6)
K G =n/2RR51FHOLNBERR; 0=—n/2
ANFEM T s D (—n/2, 7/2) TR AR 1) R R e 4
a7 18 (R R PR o () E], X T2k A i
Bl [ F ) PR X BRI, S 4 e 7 AR ™
KSR (6) 2 WX T A/4 1) BE B 3G S 7 11 i ok
Wl SRl ZN s A AT SRR S

FEK AR d =272 o d=A14 WipPBESR 1) 17
TKE 2, CWHESHEMAEN 1 kHz, GHE2 7 T
A2 (R BEREE) 13 76 A/4 MEERE SR XS L. A/2
TRV PR, BEoot N=7; A/4 RoRDYsr 2 —
WK, BEock M=13. & 2 WL, LEHERE T
], BIFE 0=-90°+25° [P TH W, A/4 [ EERE 45
) P N 35 AR T d =472 BEIR . X RT], B
ZIRMYRE, A/4 BRI DR S TR
TR, X HEAEE SRR R T 20 dB.

WA I #/dB

90  -60 -30 0 30 60 90
)
— d=1/2,0,=90° =sm d=}/4, 6,90
(a) 515 H frg,=90°

AT % /dB

90 60 30 0 30 60 90

JIREC)
=012, 0=60° e d=2/4, 0,560°
-] il'lz, 00=0‘} =-=g-= ff’=/i.."r4, 9“:00

(b) 5154 1 8,=60°, 8,=0°

Bl 2 SR X E(1kHZ CW {5 5)
Fig.2 Comparison of beam patterns between the arrays with /2 and
A/4 intervals (1 kHz, CW signal)



230 Vi

2015 4F

AT FH 8 1) P A 7 1) PR B 1 22 R R Bt
g e RE . s

n=10lgD,, (_n/z’ 90)_101g D, (_n/2’ 90) @)
Krf, p aTLARIRGIRTTALA 6, ) A/4 (Al FEFE R Bt
A TIErIRe . WFELERATER 1. nfHNIE,
IF H I E R, I A/4 (0] FE R 10 g s
THERIRE Sy . LA AR 1) 2 1l BT 9, =90° A4l
n H & 223, UtW A/4 1) BE FE LR #E A 7 16 B
O=—n/2 J7 1) [ N b A/2 T8) B BEAR 22.3 dB.
O, =—45° I n (A A, 3% R R 78 FE AR ] 1A 17
T, 5 A2 [EEREA L, A/4 TR)EE R A I R AR
T, TCHUHAE R RE )

F 1 EREERE T E MRS RN ER(0 kHz CW 5S)
Table 1 Anti-interference performance (7 ) of the array with 1/4
intervals in different directions (1 kHz, CW signal)
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Table 2 Anti-interference performance (77 ) of the array with 1/4
intervals in different directions (band limited noise)
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Fig.4 Comparison of array’s responses between regular beam-forming
and null beam-forming
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Fig.5 Beam patterns’ comparison of regular beam-forming with the
array consisting of combined sensors with null beam pattern
(for 1/4 wavelength interval array)
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