2
¥£39% FEs5 M ,§ ﬂf% Vol. 39, No. 5

2020 ££ 9 H Journal of Applied Acoustics September, 2020

o RIS ©

AT S EEREEEFENEEINEIARK
HNE 7L

k x? EERT OE KR! KiEw!

(1 hEBEER A FEESEXEASEE L 100190)

(2 PEAERERY LR 100049)

FEEE: UK 7 e () O T T DA SE I A R 1 77 AT R X T vk X LA S T AT A
T, A& G 1EAE VUG SR B A USSR R, 4320 T 58 WG W B S8 B i v WA S5 B I A 1 A5 T i 4
FE, SRR I EE FT R B o % SCHE P2 25 DG 8 B S0 T B I P A T L, 4 e A SI PE 1
(vl B SHE B 75 0 A VA P o ZE 0 BLIR R, S8 B [ ) B S I AR, BT 51k b5 1 4 1R A DU G I SR B4
L, ST S P 522 4 T, A S £ [0 98 58 P LG 2325 (EAS DE A B B 0 4 B MR BUR b B 285 vk, T4 7
PR SICE B B EAZ VI8 B S AR T 4 % i (¥ 1Rk 5 8E Ll 4325 IEAS U RSB B 5 = 2 dB.

KRR XU FE Y B ST T BOR E

HPEES S TB566 SCHAFRIRES: A X EHRS: 1000-310X(2020)05-0661-09

DOI: 10.11684/j.iss1.1000-310X.2020.05.003

Active sonar direct blast suppression based on dynamic threshold matching
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Abstract: Direct blast interference in bistatic sonar can be suppressed by reconstructing interference wave-
form. This method requires appropriate channel estimation algorithm. The convergence speed of the existing
orthogonal matching pursuit algorithm is slow, and its improved algorithms sacrifice the accuracy of channel
estimation to improve the convergence speed. In this paper, a dynamic threshold matching pursuit algorithm is
proposed to speed up convergence and ensure accuracy while estimating the interference channel response. Nu-
merical simulation results show that the proposed algorithm can suppress direct blast more efficiently compared
with orthogonal matching pursuit algorithm. The echo energy of proposed algorithm outperforms stagewise
orthogonal matching pursuit algorithm about 4 dB. The results of sea trial data processing show that the
proposed algorithm can suppress direct blast within less iterations which is a four-fold reduction compared
with orthogonal matching pursuit algorithm. The output of proposed algorithm exceeds stagewise orthogonal
matching pursuit algorithm by 2 dB.
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30
25
20
o
E 15
10
YV r—
0
0 12.5 25.0 37.5 50.0
A1) /s
(a) JFHElfES
30
25
20
pau| =
E_Ei 15 o 1.5
Bkl o
10 [CIp53 ’ |
12.5 25.0
5
14
ol% |
0

12.5 25.0 37.5 50.0
fifi) /s
(c) DTMPH

DTMP Sk AR K EC N 20, StOMP Sk kAR IR EL
N 15, BRI A3 S AT 238 B M SR DT g8
Weo XF BB H A AL BE, Xof 453 TE U 45 5 4
FLIR B, FRAEIE RN 60 MG . Bk IS
155 HEAT B MBROE 1, IR 75, M2 2 5 )
Ja BEAT UL ECIE G, 45 R 12(b) 12(c)« 12(d)
HiR o

10

OMP F LI
s ——— DTMPERH
StOMP ALY
b
3
@
&
Y

0 20 4.0 6.() 8.0 100
IEAREL
K11 OMP.DTMP 5 StOMP HZiE Rk Hxt
Fig. 11 Comparison diagram of OMP, DTMP,

StOMP in iterations of convergence

30
25
20
o
] B
ERY
10 [F A
12.5 25.0
5
\
0 |
0 12.5 25.0 37.5 50.0
A1) /s
(b) OMPH:
30
251
20
% 15} L5
= Hik
10l lﬂ]& 1.0 |
12.5 25.0
4] |
\4
. 1 L
0 12.5 25.0 37.5 50.0
fifiE) /s

(d) StOMPHi%

K12 BB JS UL RO 8B A R
Fig. 12 Result of matched filter before and after DBS



55398 5 53]

B LTS UL AR 5 P R v 669

Xof bt 3 ol BV R (1 [ 3 v 9L 5, OMIP A7V
F4) ] 988 P S5 5 155 A9 1,37, DTMP 5925 PR [ g i o7 548
F5E 1.31, PR3 1 [l 308 e %7 528 55 42230 5 T StOMIP B59%
{140 [0 9 M 1 5 5 Ay 1,04, A BRI P RV, (8138 45
KA E, LI, ToiE R4S [ 1) A
A v e e = R RGET sN E B Y E a
B DTMP Sk 45 51 5 StOMP Sk LLAE Ky
2 dB, 5 OMP Sk Hh 45 R EL By —0.38 dB.
XFEGJE AT BAE H, 7E LR B B34 2. 5 T, DTMP &
%5 OMP HiE AT, T StOMP H.i2:.

[ 98 4G ) 445 SR 58 B, StOMP B ik i HY 45 3 vp
PRI e i AR TR, (2 B TE IE A 45 AT
TER T, ROTREIR T [R13 (R, 5 350 m1 8 1 Ak B 3
WAFAE ™ AL, 1 OMP HE M DTMP 54l it
{10045 3 i %7 B 20T LA I B SAS T, R ELIA I
TP R AR A7 M AR BE T [l A5 2, 1IX 5 =
IEE RV . WAREE AL 25 UL T A 1
LA R A SR PR 3

3 g

X O 1t 7 A o ) LA T, A SCEE TS
OB A AR, BT T A T B IR R IE
Wi 7 FEL ALY LK P » XU AT 5 REAT ELIR e 1)
(4175325 I T B AL R VR S50 LT AN R B i DA S
M5 5o AR BUA {5 T8 A THRIRAFAE A 1), S
T DTMP S5 T ELIE A 8 Wi N, SHe i A
S REANE R R o Bl 05 15 g ol B A B 45 SRR
W 5 4% GE A L, PTR SRAE J LT AN BUR A A
FERITEBL S, RIS 1 Bk S A R, A A
B 1 Uk L 7S I R LA TP, BT AR 9 A S
e

2 % X #

[1] Xu L, Li J, Jain A. Impact of strong direct blast on active
sonar systems[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2015, 51(2): 894-909.

[2] Karatas M, Craparo E. Evaluating the direct blast ef-

fect in multistatic sonar networks using Monte Carlo
simulation[C]. 2015 Winter Simulation Conference, 2015:
1184-1194.

[3] Dajun S, Jiwu Z, Hualin L. A study on tank experiment
of direct blast suppression in bistatic sonar[C]. 2011 IEEE
International Conference on Signal Processing, Communi-
cations and Computing (ICSPCC), 2011: 1-4.

[4] Applebaum S P, Howells P W, Kovarik J C. Mul-
tiple intermediate frequency side-lobe canceller: U.S.,
4044359[P]. 1977-08-23.

van Veen B D, Buckley K M. Beamforming: a versatile ap-
proach to spatial filtering[J]. IEEE ASSP Magazine, 1988,
5(2): 4-24.

i, IR, XS, & —Fh BER R 33 BT
P 5 (J). FEOR, 2008, 27(3): 418-422.

Gao jie, Hou Weimin, Liu Yuntao, et al. An adaptive

5

6

algorithm of direct path interference suppression for ac-
tive sonar detection[J]. Technical Acoustics, 2008, 27(3):
418-422.

SR, RS, SR BT RLS BEIAUE & AR
ELEW S [J). 155405, 2004, 20(6): 566-571.

Gao Shouchuan, Huang Chunlin, Su Yi. Direct wave

[7

suppression based on adaptive interference canceling
method[J]. Signal Processing, 2004, 20(6): 566-571.
VEVE, XVET, BUE, & BORBRUE 2 TR 75 (3], &
AR, 2019, 44(4): 687-697.

Wang Yang, Liu Qingyu, Duan Rui, et al. Postbeam-

8

fomer interference canceler for multiple interferes[J]. Acta
Acustica, 2019, 44(4): 687-697.

JREsE, TRATAN, AR R R AN M B 3 KT
FIAHDG [J]. 554, 2006, 31(4): 305-309.

Su Xiaoxing, Zhang Renhe, Li Fenghua. Improvement of

[9

the longitudinal correlations of acoustical field by using
the waveguide invariance[J]. Acta Acustica, 2006, 31(4):
305-309.

(10] P93, AT, WBH, 55, BN WY R G A bR ikcB R [J].
IRIE T RE R 244], 2015, 36(9): 1177-1182.

Lu Jia, Sheng Xueli, Ling Qing, et al. Transmision shield-
ing technology for bistatic sonar[J]. Journal of Harbin En-
gineering University, 2015, 36(9): 1177-1182.

(11] PR, BHE, RS, &, RS 15 A IR B B

AERTTIRRIEE [J]. RLF A%, 2019, 38(4): 674-680.
Zhou Zemin, Zeng Xinwu, Guan Chengyu, et al. Re-
search on strong direct blast suppression for contimuous
active sonar[J]. Journal of Applied Acoustics, 2019, 38(4):
674-680.

[12] Stojanovic M, Catipovic J, Proakis J G. Adaptive multi-
channel combining and equalization for underwater acous-
tic communications[J]. The Journal of the Acoustical So-
ciety of America, 1993, 94(3): 1621-1631.

[13] Carbonelli C, Mitra U. A simple sparse channel estima-
tor for underwater acoustic channels[C]. OCEANS 2007,
2007: 1-6.

[14] Berger C R, Zhou S, Preisig J C, et al. Sparse channel
estimation for multicarrier underwater acoustic communi-
cation: from subspace methods to compressed sensing[C].
OCEANS 2009-EUROPE, 2009: 1-8.

[15] Blumensath T, Davies M E. Iterative hard thresholding
for compressed sensing[J]. Applied and Computational
Harmonic Analysis, 2009, 27(3): 265-274.

[16] Donoho D L, Tsaig Y, Drori I, et al. Sparse solution of
underdetermined systems of linear equations by stagewise
orthogonal matching pursuit[J]. IEEE Transactions on In-
formation Theory, 2012, 58(2): 1094-1121.



	Abstract
	1直达波干扰重构抵消方法
	1.1 水声信道模型及直达波波形重构
	Fig 1
	Fig 2
	Fig 3

	1.2 动态阈值匹配追踪

	2仿真分析与海试数据处理
	2.1 数值仿真分析
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8

	2.2 海试数据处理
	Fig 9
	Fig 10
	Fig 11
	Fig 12


	3结论

