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Low probability interception of scattered wave from the
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Abstract: To avoid the risk that the receiving station may be exposed due to scattering the active signal, the bistatic low
probability of interception (LPI) technique based on acoustic shielding technique is proposed. Utilizing the acoustic
multi-path feature of the direct signal, the original signals are pre-processed by acoustic shielding at the transmitting
station to get the LPI transmitting signals of bistatic sonar. Simulation results show that: compared with original signal,
when transmitting the LPI signal, the interception signal received by the target attenuates significantly; the middle part of
the interception signal attenuates more than the both sides of the interception signal do in time domain; however, the
target scattering signal received by the receiving station essentially unchanged. The proposed LPI technique enhances the
anti-intercept ability of the scattering signal from the receiving station and reduces the quality factor of the target without
affecting that of the receiving station. And, the proposed LPI technique helps the receiving station to maintain stealth
and improves the underwater-acoustical countermeasure ability of the bistatic sonar. The traditional LPI waveform de-
signs only change the signal power distribution along the time-frequency axis and the chaos characteristic to increase the
complexity of detecting signal. The proposed method really reduces the energy of the interception signal. The proposed
method can apply to all kinds of broadband signal and provides a new idea for LPI sonar.

Key words: bistatic sonar; scattered wave from the received station; low probability of interception; transmitted acous-
tic shielding

0 5 &

BB AR T B9, (RBEREHE R
CEANIAARAE,  H AT IR R AER AL Ik Ty 18 K
JREPT, P RN B2 PR T A K AR TE AL, AR
H AR A AR, oH SR AR B 75 R 5 56T ek
AR, REERFE NI U BN G R . K A
S AREGRE AR AT R R ST R, Bt oy

kS BHEA: 2017-01-05; f&[E HER: 2017-03-09

HEEWH: ERARREES T H (51509059)

TEE BN HEW0987—), B, BRITM/RIEN, HEMRAE, FRTH
VSESVEZ:S: Yl S

BiflfES: 4 5H], E-mail: shengxueli@aliyun.com

TS IEASAREIRAN, W70 8 o5 3 B PR R
HIR L. W), WEAN AAETHR R SRR,
AR R %6 KRR R GHE 5 /N &5
R, R BRI R . 2004 4, Willett”
IR TR A RS, FRH T RS R A Y
5 HPRAKFE S PN R 2, SRR R
FH BRS80S, AN 54 H AR sk
PLCATRE G 05 5L, J& SCHE B b AR 3= 2 75 iy ok 7
B, K HARFONEGRIL, 78 B AR 32 80 5 iR
TR R B ARSI, DA AR AR 3k 75 i 8 A7 SRR 1
P RAL G HAZ W LUAR T B AR, JE0WT T W& IR
KFZR. KE, BEWNEHEFFVENSRIREFE
SE ST B BUIE I I PR AR SR TR T A IR TR



424 B

EAN S

2017 4

FHXT L T ARG ST IR SRR iR
Ko Park™ %% \AESCRR[7)A9FEAE |, B Ec-34
TSR OSBRI RARRE s AT TAREGR N
AT, SRR IR AL AL T — € FRAE
AOHTHE T, ARBER 75 I R F R T 28RS 5 IF 48,
IZHETHE = RST ThAR BRI BIA — A SE AT DL
SCHR[10-11150 07 T AR A NG 5 BRHIE, B4 T
IR A RN . Lynch™ 25 \ 75 J5 211
FH A AR R I AE A BT S e 7R o B
UFfvERE, AIERVERIERES . A EE 5 Reaemf K
AT SEDU BARIBREOW I . Marszal™ '™ 2 A
WEFL 7 AREGR 75 52 H bR (235 8 e, %
TSR A A RE 11, BEE A HERE. S —
bz 22 ) BARHF 5T T 18 40 Barker. Costas 52w AL(5
5 FEARAER SR 7 Ay e (1 S

AR W = R W AT SRR P, U R R
H IR, S AR R R G T B E S AR
PE b RUERFEHESOE AT B i, (H7E—uk
R85 T HBUHE S 050 8R4 H AR (A 3 H Ax
SENUTHE 2 7] — ) kil 21 o XSRS b R AR
FARIF T B (1) B 1 DA B S B b s iy )
PEERIAE M, DRI T S B ISt B 15 5 R AR
PR B B8 LU SB35 MR AR M B
B, DERMREERE S BRI E 54, &
BLEAERET A 5. AR H] . BELEEZR
PR, AR S LA FE I, EH R AR I
PSR FATHEL. TELE S heE, (iS5 ERR
T, S RBE R HERE, R IEE S BARE T
HIMSTE RS BRI M 75 2 ek f B
SEIR GG 5 PAREGR I, AR TR RS
7 B L SR H PR AR AR AR . 1R 2t
RTRE, B0 ELIA S A 75 DR b 2 5
MR IHME S, RGO AR EER G S . REEE
554 HIAFE BRI 28 3 A, REE
FEIRMES N, 2 m G BURE 5 R
Ae 1, PEA% B ARERMLOCE R . X3 7 ik
SREAR REIG TR RIS () 3 B 2R, R o 7 i 78
I3 KRR AL LR

1 X3 7 ) B2 ATt B3 A 5 IR
BTN E)

M EARBER AW VERERS, TR B A
2%,
2 IR S H AR, 2% H A

T RE A RS PR IR Y PRI G 5 55 S L
S, AR BT R M R . N TS TH 4
B, A SURAEER I S5 8GR B AR 5T A
i (Figure Of Merit, FOM)4I R (AN FF3CHR[10])-

A M AR 75 I R R S R 5y

FOM  =SL, +Ts—(NLy—DIy)+

GS,+GT,—DT, -2TL (1)

AR A I 5 AL X B Hr, BOR
MUK B B BRI, e isk FCAL R R 30

FOM,=SL,—(NL,—DI,)+GS, +

GT—-DT,~TL )

K) @H: SL AR Ts N EEE; NLA
WEFE SR DI NTRIAITERE: GS NG EE: GT
RNINFEIN 2R DT R TL e L. fiks
D X RAREIE AW, bR 1R AR AR
IR H bR, 75 FOM,>0 1 FOM,<0 . JX %
RACESR A s B S 55, JRELREES
WA ISR A N REGRAE 5 MRS, RIS
ANE BIG IR SHE 53R,

B2 )FEHb 5 W R G AR AR I H bR,
Be B R, FH R Sk 1T & SR A B e e A
B, RATINFIR, BRI 5 kR b 7 A
2, e CASEERREHE o R A Sl A A4 e B
LB AN 224, DRI A A 22 2015 5 Bk SR 2
SR AN i o UHE b 75 A S R (0 R 10 5 SR T 4z
Wt 5 R S i 328 B B 1 3 A B LR AR et . —
WA A BRCEE AL T4 20 TARIRZS HME AR H AR &I
SRTERF 8 25, H il i A2 ek 5 1 3 3
BT RN e 71, T A S EO R A B bR
U B 305 5 KM BARIIRE IA 2. B 1 X
B S BRI B bin B B . R FJRIER, TL Rtk
A, Ho R ks 1. 2 13 R R Sk S
Wt Rl S B AR A H bR e . T RUR,
FRE BRI FE SN RE S, ¥Rk
Wt Ak ) 2 BE S FONEIAE S, Ko 3|
(1) BAREUIME SFON BARME 5, ¥ BRI R 1
WU S S A REGE S B RES . BikfE

Hir

REES

z

=N
=
w

<BifES

BEET

[ s
R, TL e fz a7 3
i vlh HiIXES By
Bl 1 U R S H bR

Fig.1 Schematic diagram of bistatic sonar and target
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Table 1 The location parameters of the receiving station and the
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F2 FREIE 1 THRRK (dB)
Table 2 Reduction level under SSP 1 (dB)
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ATL-ATLy 17.89 18.39 16.68 14.25 17.61 16.97
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Table 3 Reduction level under SSP 2 (dB)
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