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Underwater Echo Signal Processing Method Based on Sparse Decomposition
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Abstract: For ultra-low-SNR underwater weak signal processing problem, an underwater echo signal pro-
cessing method is presented based on the theory of sparse decomposition and the combined matched pur-
suit method. The focus is how to integrate the prior information, such as the incident signal and the echo
model, into the sparse dictionary (atoms). First, the highlight model of underwater echo signal is estab-
lished, the relation between the echo model and incident signal is obtained, and the over complete diction-
ary fitting for echo signal characteristics is structured by discretizing, energy normalizing and shifting the
known transmitting signal. And then, the sparse decomposition of underwater echo signal is conducted
based on the matched pursuit method, and the processing results are compared and analyzed with the
commonly used matched filter methods. The simulation results show that the proposed method can accu-
rately reconstruct the original echo signal, and has obvious advantage in processing underwater echo sig-
nal with ultra-low SNR.

Key words: active sonar; target echo; sparse composition; matched filter; over-complete atom dictionary

E ST : FR R E S S0HE 54 (9140C260202150C26112) W H .
W7 B H#:2014-12-31; 81T HH#A:2015-01-30



IR & F R TR S M KT B ARSI RS 5 AR T ik 283

51

il

JKR H AR AR 5 2 T 3l A i R O A SR Al . KR MR B A Ze 28 A A A& T A AT U H
B A B B BRI K R R4 RN H AR I H0 B 75 H B 18] A5 5 8Ok 555 o TR 0k 5553 [l 3l £ 5 A 00 0 Ak 3L 1)
RIS 7K R A 5 Ak BRI AT Y ) R RO i (], H T R ER A AL BT s 3 TR IR R S BRI T AR
100 35 T DG 208 98 194 7 35 43 50 A BEL v A ey 3 AR DN D A A O AR 0 O IR AN AR B B
KT HA T 15 e LU ARAR A5 = 3 SR JERE W )«

TE/NUE 3 A W Al b SCHERL3 )T 1993 4R48 ) 1 B T 58 45 Il R X 05 5 6 47 7 it 20 e 1) JELAEL OF
BT R AR B8 53 3 X5 5 AT 70 X — B 7 10 . B TS5 MM i R R BB AFE — € B b B AR MUV 15
HIAS BRAAIE » PR 32 3 7 BG83 1 T 12 OR 0  OF HZEAR 2 U R A 20 1 322 04 i A i Al i L Gk O )
fEIF BT E S A FE R IR VTR IS S A BRI R A B . TEK S (5 A By TR F 9T R AL
G5 R A A B SAE S AL B H AR 3 SRR A o SCRRLT SR v 20 B ML R B A Sy D00 8 R L GE A2 DL
TC 36 5 SR VR A O TR 5 1 S B T K S RO 1 H 4 RN R 5 SCHR L8 ~ 9 T X AE B HIUAR 5% 8 4t (Discrete co-
sine transform, DCT) T 88 F $E4T {5 5 09 7 B 43 ik« 32F 100 52 B/K T W8 75 {5 5 0 o B4 DA B H A 1 3 2
U 5 SCHRL 10 2R 11 38 I R A< 6 A Sy =7 B 52 B /K i J5 [l 3pi 119 43 2 5 SCHR L 11 R A5 2k 6 B ' ] 1)
S I 2 N B PR A 3 LR N Y R R 1] . T S8 RS AR 5 B 1Y I 3K 7 1] (Direction of arrival,
DOA) it

25 LI 52 B T M 2 s 1 O B R AR AT A 3 5 8 A D1 T DA R A e DA D v g R 3 Y
TRERE S . FIEF G T TP UK e 50 15 B Rl TR B 5 M G 58 45 I 7 38D 19 140 3 BE A8 K
RIEEAE S A F T L ALEE . 3 T b, A SCEF XS 7K T [ A5 5 3 DG T A S A5 5 0 [l 30 485 700 45 S 10
AN ART Rl AR i B G 58 A D D B A R L TR 45 B DT C I B U7 1, B R TR 0 A OK R AR
Ab 3Tk A R A MR LU ARG 14 55 15 5 A 3 I 850, DK Ak 35 SR 5 i T 0 DG 5 0 08 7 vk R AT 6T L A T L A
Gy BB T A SO A BB AR AT MR HL A S 1 AR .

1 HHRIHEER

i 43 A AR A5 5 1 B R o e P R F R B, Do 58 4 R T P R 4R L R R R A A 1 K TR T
RFIR—AME T A (0 JEIF o8 B0 1] LA RN (5 5 1 AR R AE L F 1 38 145 5 10 7 B 3 3T (AR R
ZMEEE WHEM.

BT U= (W |i=1,2,- .0}, LIUE W R KM W € R XHG AR 7 217 5107 4k, 7P
| w |,=1.3FH n>d, MTAEEGES xR A] LILE W [ & B 16 B— 20 )57 XHE 5 #1720

x=>a¥, (D

A ISl o) O B TARE M B EE TR A= {a) o B8 [T (| « [ HESWH. R
FA T ICE A T/ T TR 0 B R 5 R AR LA B B R OR S X
] FH 5 T 20 0 R AT R x E R WE R WIS i 51 W, 5 (D T AR
x=Yu 2
A @€ R H—MREH . (55 BR300 W 0 1 4 @ (0 SR AR 1) A0 DR B 20 R L. X TR
R d AR (S B x ER L IE W PRI m AN JE T X HE47 58 I

r=>0,%, +71 (3)
Ry, €012, on)sp WHEE R0 e= | x—x || * ik 22 MO RE R X0 0 0 40 7 ) ALk 2 4



284 HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 2, 2016

U5 2 — S INF o QAR DA 0 T i ) 2 o 78 3022 0% SR R A — A B o BB B /M
2 KTHIREKESHHRTE

AR B0 A A X (25 e 7 5 A A 0 5 ) A A« B i 5 A
BT N L FER . T U A 0 A SO T £ R 2 A
{5 T B 5 0 0 £ A e 5 5 4 S0 T T U 3 o 92 B T L £
R AR

2.1 ATEGERESHESER oy N own BN p==r

T BT T — A5 2 FBR 60 1 % 5 o 25 &

T 0 T 1 A T 9 T L MK A B
R T R A5 R 2 T LR 5 1
A T B SN R A A BRE P 2 AR
AT DA RIS T OS2 9B 013 35
0 T 2 D R 2 K T A A
G . 0 R T R S T LU BT o R BB 3 A SRR L OS5
5 56 T S A

K1 Fg sl

Fig. 1 Process of sparse expression

H.(r.w) =A.(r,w) e e* 4)
e AL Sy BN TR O R B ST TR H A AR Y bR R N 2R Al A S AT DL GO R s ¢ X
SE RIS A 50 S AE S 5 o Ay RIS 58 a5 ST R I I BT S LA B B L AR A6
HR 5 Lk S s B, H AR T RABERIAR Ry 224> 58 a5 a8 s 8 1) 4% 326 ek B0RT A ROR

H(r,w)ZZA,(r,w)e’“” e’ (5)

22 ETERFERENIE&EERETE
BT [0 902 58 1 DA T 5 A s B0 £ 5 PP L AE KA H b el o MR8 [0 302 £ 5 119 58 i TR [ 9% £ 5
AT RLR IR N K/\lilfﬁﬁ’ﬁé)%fé%ﬁ[],ﬂﬂ

NAS2) :Z}\:a,s(z‘*r,) (6)

K s RAGHE T 5 fO R EIRAR T o 2T BIAF S A 58 a 1Rs  AR SCHR 2 T SE g R B i

SER T PR I 5 i M S A 15 5 B SRR R IR T AR S AR 1 e A IR T P i R R R b A

DRCARFICR BB B LR B AR 1 H A . X245 5 AL Nyquist SRR B1 A0 AR AR R AE (]
Bl Tso = A HIREA BN N

B R IAR T LR AE T (o= To X B HUe  IF dE AT AE R0 — i B s |l 5 s [.=1,

sp*[sp(f)7s1)(27.')7""sp((sil)f)jan*];’Z?"" 719% miﬁﬁﬂﬁ%7/\#$ﬁﬁﬁ§&%$mm
VR SR A [ e 0 7 o A DL i g R b R g S A I T
A:{gl} 8 S RN9Z:17"'9L 7

A& LT N
g,(n) =s, n&€ {l,l+1,+,0+S—1}
g,(n) =0 ne& {1y, l—1y \{l+S,,[+ N}
B2 g5 th 1 58 48 J5 - P vh i I s B AL I 2 WD, A DT 1 IR R S DR B A AR [ £ O
B 3 HL5 0115 5000 80, R 70 S0 DR A0 206 A A



b3}
>
=

dhOF A THRALS MG KT BARE R TR T &

285

AR b3 2% A D51 T TR AR AR 5 I R TR B R oo TR AR @ RV R LI R

D—[gi.g o8]

(8

oK LA B L TR AN B4R AR AR (LD o 4 i [ £ 5 v 1 [l 38 A 2 5 R 1Y 5 (2) A DB Y R A L

B c BRI . ZEBCRTIR T R F R X T B (5 S R U8 % BT e 4 .

Z

T T ——
= 10.0 0.5 1.0 1.5 2.0 2.5
Z 1

S A
= 10.0 1.0 15 2.0 2.5
Z 1 . I i ]
m 0] , , W VW |
= 10.0 0.5 1.0 1.5 2.0 2.5
Z
Sy
ZE710.0 0.5 1.0 1.5 2.0 2.5

KEER 104
B 2 JdE&EFES R FRERE

Fig. 2 Atoms in over complete dictionary

2.3 EERBERAZENKTEIRKESHRS R

VC AL iE B3 (Matching pursuits, MP) 53 5% J 5088 16 007 1k i 58 46 J50 1 P8 P B 4% 545 5 e SR 1Y

JiF It A5
JRFHEAT AN A . WA s A BRIk EE S R RN T
7,
(T AR N = S B 1T ST 0 R A (1 I = R Y
s 3 pros , HARFR R .

WM\ WLERETE AR
AL

mE EkEGS
FFESGH—=

$E1
N

SB2 RN BE R P ER KRN ITE p o HEG]

WER T RGIET R F ¢ MAEEREFEE G

R3S HEHRERS A= —pg R (D= pis

SIA QR R AL AR S D0y AR R A TR s A5 k=
R LR IR 1 kS 0AT

WM ESNOMANe R TES GES5kE .

BB AR K U5 15 3000 0 0 Al IR 405 5 /(o 15 R 3%
W

MRS fO RV E R 2

r= LB T RGIE D s R
B R FRBON a= 0, AR EL k=0,
WRKRZEGS 7SS R & TE AP — DT

K

f=>lab G (9)

k=1

MP 535 2R FI 8 A2 3 A SR AR5 5 i A i e 1k 5 2 — i B 38 L A9 1

ok & HAE LR T BB BB - EE T . RIR MBI SRR T oA G Y

20 7 1Y 1 (R BB 9 B Al 0k 2%
Fo L 70 idp S o B P A

ik

VNG Py )
M EH AT
|

|
(BT L)
HETLRRT

A 3

UGBSR3I 7
Fig.3 Flow diagram of MP method



286

MR A5 BT 0 L A 3
H T MP 53k X s 01 945 5
KOG PR AR B 225 T .

HEAT W i A L A ) A

HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 2, 2016

A EREIPEES R 2.2 TSR TRRE BN SRR T E, I+
550 [l 6 e g R aniE 4 s . 5

MIEL 4.5 S5 R AT A SCHE KR B A 5 ﬁiﬁﬁ}ﬁ?ﬁ%ﬁ%@?ﬁﬁﬁﬂﬁiﬁm Ui AR5
Ji e 1] 30 0 EE AR [l gl W) 5 AR AR R 4L AR 255 5 BT 10 7 g R
2.0 T BRE% Al il
Ls f G meEw | 3 2
zosmen 0L IO =30 0 B ey
2 2000 ! i i1 / \/ /
-1.0 | ‘ SRS
15 I b i
—2:0 0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
KA/ 104 R R 104
4 T Il ik e A [l K5 REFEY
Fig. 4 Original echo and reconstructed echo Fig. 5 Residual signal

5T BL g R AL 3B 45 SR B B AN 43 4

SEBR A KT B AE 3l H B A VE 22 WA R AIL.  1 S E BT 4R A R B 23 O 1 Ak PRSI B [ 9 A
SHIRES) R IEL A4 BRI PAE S AT I MR BT A TR R LR S MRS S R LA AR
WP D PC 8 Ak BT 1 AT X LE

Bl 6 Ca~ o) 73 31l 2 A5 e H:?%J—%, ,—15 dB i} H’Jﬁ?ﬁﬁﬁ@ﬁ/ﬂi*ﬂ@@ﬂﬁdiﬁ%ﬁﬁi@ GRS

> 6 il V\ w 5 20 H
2 i HHM WW : M i # H e
00 05 10 0.5 20 25 %0 05 10 15 20 25
a’c#ﬁ/lo% %ﬁﬁ/lof/\ KFE /104
() BsES (D) RIEES (1) JfmfEs
(1) Original signal ( I') Original signal ( I) Original signal
> 4 > >
S 3t R 2 if
| T o4 T4
a 2[ a ,f = 3
S T hod = . \ b = 17 , , .
00705101520 25 %0 05 10 15 20 25 %0 03 10 15 20 25
RFE A /104 KR/ 104 KHE A/ 104

QIDRUNLY,v gusE e S

(IT') Result of matched filter method

QI DRUNLGHS USSR S

(1) Result of matched filter method

(I1) UCRCuep a8 g5 2R

(1) Result of matched filter method

> > >
= 15 s 15 < 15
2 L L oE 2 5L /] |
el s ool M Pl o oo Bl e e oyl A e et g ot W
= Q0TS 10 15 20 25 00 05 10 15 20 25 %005 10 15 20 25
KHE 104 FKHEAE /104 KRS /10

(IIT) A 3 f Ab BE 46 2R

(TID) Ffi - filf b B 5 R

(TI0) P o M AL B 45 2R

(IIT) Result of sparse decomposition method (III) Result of sparse decomposition method (III) Result of sparse decomposition method

(a) fFHELLH-3 dB

(b) f5MELLA-6 dB

(c) R H-15 dB

(a) SNR=-3 dB (b) SNR=-6 dB (c) SNR=-15 dB
P 6 H gL 43 1 UG J5C 308 30 T 0% 1 (8038 15 45 b #R 45
Fig. 6 Processing results of echo signal of sparse decomposition and matched filter methods



El

IR & F R TR S M KT B ARSI RS 5 AR T ik 287

M6 ol DU L 25 (50 He o — 3 dB I A0 T R0 A4 A 30 Vi 161 7 b 077 3 2 REAR 4 b A H AR Y
TR s 2 E MR LD — 6 dB I, 2 2R A0 T MG I Y B A0 21 2k . M DT JEE 9 5 A BE 25 2R P Rl 5 A I 2R
PEE A LRSS 3 ARG L C G A KW B 1A 8L 20 A% D7 95 1) 45 SR AT IR PR WA 5 2 (5 W EE O — 15 dB i
— A 5 18 2R AR ME AL B B e T BT A 5 R L 0 DT TG 8 U vk R RE A e (L R O IR AR i £ L i
SN P AR © 28 A FRAS B 100 s 50 i 7 9 1) 5 2R AT SR AR 3 BT

Nz B I 6] 7 o by 0 8 D 3% L DG TR 8 D D7 YA SN 1A 3 LR A S T A A A DR A
JEE A5 AELAS 52 M) A R R L AR IR L Oy — 3 dB Ik DR FC 0 U 5 U B9z S ] D 0. 049 247 s i B O3 il
JIERY B 2 0,075 133 s;fF MLy —6 dB . DTG E 3 7 5 19 18 IS ] 24 0. 049 212 s i i 43 fift
TP R B ] 2 0..070 738 s fF M b oy — 15 dB I, DT AE 38 7 J7 75 1 32 S F (] 0 0. 043 846 s, i i 70
i 7 ¥ 1B B[] 20, 073 375 s,

4 HRiIE

A SRR X KT 55 181 A o Ak BT RE, DARR 6 20 A% B8 O SR A 25 T8 T O AR A S 1B RO B L 48 i
TORR AR B I 58 & T PEA S O i WS IS AR T B SRR IR T O SR AT VS B BR A S 1K
TP S f T T AL R AR BRSSP Y DT C 9B T R AT FE AT L A5 R R I AR SO I BE R
i 0 T AL UG (R T R 22 5 5 RO 10 VRO 9 M AE M O — 15 dB i, — iy 7 i & 2 AR A
Ak T EE AR S B 3 T A 2 SR S LA DG PE 98 T 3k BB R M I A5 R PR AR AR 4 i A SO I I A5 R R
A T 0L T s 1A B IR AR MR B KR [ i A

S Z 3k
[1] BRA, AT, —Fh 3k T DO AL g e i kOB Sk i sx L) ). s s8R, 2013, 46(4): 133-138.

Chen Xing,Du Yuming, A new algorithm based on matched filter pulse compression[]J]. Communications Technology.
2013, 46(4) . 133-138.

[2] ok, LRE, w5, KN E A H AR 580 BBOR AR IE SR IR ). /R TR R %4, 2010, 31(7) . 872-878.

Zhang Bo, An Tiansi, Han Jing, et al. Extracting fine details in broadband echoes from complex underwater targets[]J].
Journal of Harbin Engineering University, 2010, 31(7). 872-878.

[3] Mallat S, Zhang Z. Matching pursuits with time-frequency dictionaries[ J]. IEEE Trans on Signal Processing, 1993, 41
(12): 3397-3415.

(4] K=, B, KR, F. EEIEMTET X B AR 50 b i BF s g e [J ], Bk 545, 2012, 27(1): 1-12.

Zhang Gong, Yang Meng, Zhang Jindong, et al. Advances in theory and application of compressed sensing in radar target de-
tection and recognition[J]. Journal of Data Acquisition and Processing, 2012, 27(1): 1-12.

(5] skarfh, BT, sRAEMS, 5. Mgl 4 AR GURE B 20 A 0 7R S s Bk (0 ). B R&E S AR BL. 2014, 29(2) . 259-264.

Zhang Liwei, Jia Chong, Zhang Xiongwei, et al. Speech enhancement based on convolutive nonnegative matrix factorization
with sparseness constraints[ J]. Journal of Data Acquisition and Processing, 2014, 29(2); 259-264.

(6] ZfR, KR DT 4. EFHB MM 208 LEM 593565101, % R4 54 F, 2009, 24(2) . 161-166.
Li Yuelei, Zhang Tianqi, Dai Shaosheng, et al. Parameter estimation of weak multicomponent LFM signal based on sparase
decomposition[ ] ]. Journal of Data Acquisition and Processing, 2009, 24(2): 161-166.

L7] 2. Wasn. BT g mR a7k 75 Bl I 4 5 A HORLT ] A2k, 2014, 33(1) ¢ 14-20.

Li Pei, Yang Yixin. Compressed sensing based acoustic data compression and reconstruction technology[]]. Technical
Acoustics, 2014, 33(1): 14-20.

[8] Sabna N, Supriya M H, Pillai P R. Computationally efficient sparse reconstruction of underwater signals[J]. Ocean Elec-
tronics, 2013: 88-95.

(90 BEWIER. s/, skik. B TR BFRR K (50 23U 00, B005 FE 2 4ie. 2014, 36(4) . 67-77.

Liao Mingxi, Zhang Xiaoji, Zhang Xin. Classification and recognition of underwater acoustic signal based on sparse represen-



288 HERE LS L Journal of Data Acquisition and Processing Vol. 31,No. 2, 2016

[10]

(11]

(12]

[13]

[14]

tation[ J]. Journal of Detection and Control, 2014, 36(4): 67-77.

Bgh, NIEE, M. BT SR G AR i K R P4 26000, 7B 2244, 2010, 35(6) : 608-614.

Yang Bo, Bu Yingyong, Zhao Haiming. Features of underwater echo extraction based on signal sparse decomposition[ ] ].
Journal of Acoustics, 2010, 35(6): 608-614.

A4 . JE 0 B A IR 9 75 R i MR (F S AL BEL DL AR IR JRIE TR K2 2012,

Fu Jinshan. Acoustic vector-sensor array processing based on sparse decomposition theory[ D]. Harbin: Harbin Engineering
University, 2012.

VI B, 750 E AR S8 SRS RILT DL P AR, 1994, 19(2) ¢ 92-100.

Tang Weilin. Highlight model of echoes from sonar targets[]J]. Journal of Acoustics, 1994, 19(2): 92-100.

MRS, BEHLEESE 1 LI J5 1 B BCAE B 8 15 5 R AE h i B AT LD, W6 % . 96 % s BH 2%, 2012,

Lin Jie. Measuring method based on random projection and its applications for ultra wideband signal sampling[D7]. Xi'an:
Xidian University, 2012.

HER, MNe, Dikm. BT MP RENEEESHE 0] R TR SR, 2009, 45(5): 144-146.

Jing Aiwen, Liu Yun, Ma Yili. Speech signal sparse decomposition based on matching pursuit algorithm[]J]. Computer Engi-
neering and Applications, 2009, 45(5): 144-146.

EEEIT:

HhE SR (1978 ), 4 4, R ML (1977, B, 1, AW 1982- ), B, 4, WF
T 2% R U, BF 5T 05 s K [ N | OFTr U R e FI7 0 4G R E B
P A TR £ 1L RS - L fEREEA, RIS BB A

Bl A # A, Email: sy @
hdu. edu. cn,




IR & F R TR S M KT B ARSI RS 5 AR T ik 289



