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A towed ship interference canceling algorithm for
vector sensor line array
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Abstract: To the towed sonar with a vector sensor line array , the interference of towed ship is an important factor that
limits the sonar performance . Because of the severe multipath interference , the performance of the traditional adaptive
interference canceling (AIC) is not satisfactory . For canceling the towed ship interference based vector sensor array , this
paper provides an algorithm by taking the advantaged feature that the sound velocity vector component which is per-
pendicular to the forward bearing isn’t sensitive to the towed ship interference. The trial data processing result indicates
the availability of this algorithm.

Key words: towed ship interference ; frequency-domain beamformer ; frequency-domain adaptive filtering (FDAF)

A = Y TR S H AR T, AR
=]

T34t 1 7 4 P 25 o At TS A A L2 0 K
FUKROBR VG, SR AS B (K05 5 16 75 Rk led 7
AT E R T HME AY FERIIAEE R, X T
WA, SRR e o A T, R
12 IR RIER BRF o ST IR MY AR5 ™ 8,
AR T3 5 1R H AR A 5 — AN AR SR T
U, EAFAE AR P 2078 5 56 7 ) R A 208
SR, T LRI R F bR ) S 2 R

FELAE R 75 s 4 BB (R 3 TS0 B 7
EEU e Y T T R b PR VA Yok AIEE 5% NVAEE]
T TP, BIRAEBATE AT I 2 AT
JEREAT PRI, 43 b M TR T AR (BIC) A
P AT G T PRI (PIC) Wi R 7 . i THEA
TR ADZIBEKEN T, JCHERHR 1A

Y5 B HA: 2008-08-17; &= HEA: 2008-10-08

EZ I 246(1981-), 53, WimibHN, W-LOF50AE, B0 [ K
FAE TR FESIESabH,

@ifEE: 2%, E-mail: lilei810614@126.com

ST RORHAEAL . INBESIME S b B % 18,
A B M A 5 AR BRI D o AR B, IR 2R
J7 iGN {18 N R T % (Adaptive Beamforming ,
ABF), o5 28 8 (1) 5190 2240 MVDR(Minimum
Variance Distortionless Response) .k, [E 427
230K ABF J5iE5 I NHEAT T IRIRI i,
MCHER IR IR 25 SR T LLE - ABF A AT LY/
A 7 5 Y L, R AT A R L M
132K -

PN U D ST U 3 =R 115 Al
DAL SO 75 1 R I A R S iR . BN R B K W s
SLREERT H AR AT E 0], AHJEA T 04 m E ah
(53 3 I FIAE IR RS, O< BRI I F & K38 o
FEDOT T4 B R M, 4 R B M B LR R AL (1)
b T 7 O AR AR R v, ] DA RS e
HO B R 2 A AR . (2) 36 22 1 P A 2 T A AL
FRIIG I Pt LAR F 46 MO A B T P s 4 8 e A
S DB o AFE DG T % B4 B M )4 S 1 AR
TH TG BT RHMR D, A SOR) Y 9% 5 B v 1) 75 3



555 1 A P T R R B (A TR Sk 583

TEAZ TR A 11 205 O 8 (0 36 1T P AR D [y
R BT PRI IE AT BN 10 7 3
T AU ORI T VAR 05 . Wl
ARG UE T SAIIAT v, TR B A BN

2 G LA B A T 0 A i

FUR T 8 S P 7 2 e 22 DL R 5 DS R B L
F5, BEORUIAIRH UM L RSk s K3
Jom =R AR S P K A L T
S5 R U B = b A i 4% BIA 4 B P Al i
HEES, W 1 BiR.

i

K1 2@ TR sor e K
Fig.1 Tllustration of towed ship multipath interference
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Fig.2 Towed ship interference cancellation algorithm for
vector sensor array

SRR 2 U OB i, T H Y LMS
VEWEASREAT I A NI, HAGIA IR 3 EUE
RIS RGN o [R) I 25 R 3 RS Y, FH IS ) 552 I
P, KM FDAF(frequency-domain adaptive filtering)
AR [T N S, LS LA 3 R

WA B AEARITIE, B DB A M ARl AUE
SEANB R BURN, L Nx 11 & W (k)=
FFT[w(k) 0]', %/~ FFT #NFJ5 I RE, kB
4 w(k) o« FFT[ 3RS HALI AR e . AH N, 4

U(k) = diag { FFT [t(kM — M), u(kM —1),

Hok-1) B
u(kM),-- ,u(kM + M —1)]}
0 b

U (k)2 7500 i N B8040 1R P9 AN AH 4k 1~ Beadb AT (57
AR R —A NxN XA, S a0 N7
AR i S T 7 AR R A A — A M D )

Y)Y =Ly (kM ), y(kM +1),-, y(kM +M D] = (13)

FET[X ()W (k)]

IFFT R PRI 57 - S AR 4 o 6 12565 ke Jeichs
JE LM x 1 B Wi W, [ F 0 -

d(k)=[d (M), d (kM +1),d(kM+M D] (14)

(12)

/N 2009 4F
HIN i
ugn) A,

ik

==
e oy N
vl B = 0 B
= dn)

3 TS FDAF JEHAE
Fig3 Block diagram of overlap-save FDAF

A Mx 1 iR 2GS mE N
e(k)=[e(kM),e(kM +1),~e(kM + M D] =
d(k)—y(k)

4 A7 EAN I Ak B

(15)

{5 R 60 ANFETG 2m 25 1] B 434 ) 25 7K
Wr s 26 41 B, AR S 5 2 — /M ~300Hz.
WA S0Hz [F)—ANsiali T4 X 4 421046
M TP 2, NSRS 60 10°, 15°, 20°,
FEFA3 54 0s+ 0.1sy 0.2s. 0.5s, HArkSHE 5%
N f=600Hz, NI 751K 110°, 5T h-13dB, 15
W LE S 0dB o HKTH A, HEM TP A1 75 BEAR 1 £ 30°
YU, VR IR0 28 A AL o HERA B (A1
O ASE B P A Ak DA R I3 A 55 1S 2 5% M 12 06 (L T Adb
T4 B 4 R B TP 11 5 R R
M 4(a) ] LLA H G BT HEAT TP 2 5m T H
brfig. Bl 400) WA THHRM G g R, Hea Tt
P30 0H AN o I8 A R RS 45 T EE i -13dB
e R 16dB, R T EESI H bR IIE BE .
Bl S FHE 6 A2 S Bk i) s o £ 25 4L . ik
KU 60 ANFETG, 2m 28] RE 230 A1 135 R &K
Wr s 2R IBE, 5L VIBERIBERE T WA — A,
WA 2@ T AT TR, HAR
FoN f=510Hz, J{iky 110°, {5 T A-16dB.
Bl 5 A e 2R s T AR 1 16 8 R 7 A7 e 5
K, M 5 ATLLUE T AR 7EREAG IE 67 50°
IRFE XA, HARLE 11000747 . S2eeFongid T4k
HEH J5 I AR BE P, P A AT LA H T B o
HAN G, 5 R A B S 45 T L - 12dB $m



555 ZRFH SR s — P T G5 A O ) PR S 585
1 — INF I b 27 37 9 SR B £ D SRS IR S804 5 1045 T
% (a) THLARIHAT HAB A 4
> 0.5
i . . Y 5 45
0 50 100 159 ‘200 250 300 35
. LA SO T, A TR AL B2 75 R R
o os) (b) FHACHIE | AT R SR I 6 7 AR AT I
200 j AERAE, 7 R S o A TP 53 7 41
o2 I VRN, 5003 55 PR 5 0 RO 4 4k
0

L 2l
0 50 100

Jifr e

4 PiFEE TR AT ORI

Fig.4 Beamforming outputs from the simulation data
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Fig.5 Comparison of beam bearing-amplitude spectrum between
before and after interference canceling from lake trial data
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Fig.6 Comparison of normalized bearing-amplitude spectrum between
before and after interference canceling from lake trial data
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