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I this paper, we apply a reverberation suppression method using difference of singnlar valies (o improve the
short: distance underwater obstacle detection probability in reverheration environment induced by a linear
frequency modulation signal. The reverberation suppression method using difference of singular values
suppresses LFM reverberation based on subtracting the singular values tor a referance heam, assumed to contain
only the roverberation, from those for the current boam of interest, assumed to conlain the reverberation and
target. echo. For the validation, the reverberation suppression method using difference of singular values is
applied to real oceanic data, which arc acquired using Lhe cross type array,
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Fig. 1. Block diagram of LFM reverberation suppression using difference of singular values.



758  E=SHEX X282 AIBE (2009)

|r

Step 5. 34 o)l thgt Sol ghselA g WoijAl
el s
3

Siep 6, A AAO) o T Fal o]
o Alag S,
Step 7. ARWES B EHS §H) e,

I, 1% 22 U ‘g 4
5% AHol2 BAGIA To) gk ol ol 83 W 1t

& Ve AR el 24 v 3/44 A ol
<452 4 4 el 4860) 3 4
otk #2289 Wof| oF 0,42 (300m) Lol E£4gk
e, A A1 A T 102 A 4
2t 3 Fol 242 1) MAIE Ag 3, 53 Zat
9 %2| ke WA BRI 2A2 F 2ol A
AR Sk sine 4004 0704 014

019§ 2402 15749] 4 1) FY AmE fow,
4 IS W0 A A9 3 ey
W 24 715;.2 ATt 1T, A1 A2, Ak

42 S B ALSE 714 o oo ofFalat uiA]
o] srfﬂri-. E3 So| g Aol ol gk 2k} A
7|tHol ARG 4k o) L& sk} BFo) g ol
o] 1§ thedE et Fof sfu, A (Dol Y, <] Ao
7_-“0:1 2,71- s __'=.‘.§o-" 4?2?'_}5.] }{]»'8]:94 x) _"-)lz_.}-.g_ )ﬁk\é].‘;.
o) Adurt 525 Acks RS WEshes 2%
sct,

1% 2= Aol EABHA R A3 23 dlofeoly
5 AEE 719 Bo| 3t AZE Uehd Aotk inlA
T2 Eof gt Ael A @3} o] o} Ak

4=
Al

o5 - af| ®

A7NA, o 9 o) 247t i) 220l A ] B4
1591 2b2 1l A 50 p ¥ Eo] Z1& L+E]—LHU1 me
gk B gzbe] Algelnt, g dloly 77t Ad

Wl THE 24 T oh Fshi ﬂ@ow
2 datgeh 11 2 FUHOR Q1Y
5 0] So) gk A=) Uehd Ao kA
L ZzAH Ae 2 Asigon (—1)8A 9e 3
CAEn Adsisich QA Y ASE 2h0) ol 7

A2i7t A2l DG {FAEE 2 5 9k ols 3

].‘ _Jr_] r>~| -)-
||
]

T
}o

»’;l

N uE 1

0@ AAB} 7ke] A% 7F o z| BAo] DAFHA &
Z)Ech= a5 gl digh 78S UEAIG 1Y 2
3] > HEHE] 8| ulq. zhz A]j‘_i /\-]E}l
CRER ﬁﬁ—;— 2] EOI i AL e sloic

et 7] W 270] AR S o 4 ek
27 F4 Wb 23 7, 94 ol £
HEZ ehd 7R o] ZASEE 28 A o
Ve wES A £4 A57h b 75| Sjuk
6% 3k 108 Hol 2k HEE AYRS 2 5 Uk

SEELE SUESTCEEREL U £
G A Ueich ol B Hat: 6 W Hel
stk 229 39] (@), () &= 42 Al AERe 7)Y
& A3 e AU ) 28T So] g Ho|S o]
S e VY HE F HRYH FU2 vepy

o o
2 2 o
o @ ha

OAPh o s TR 4

o
o 2
B

Normalzed Singular Value Distance
(=3
=
N

o o

Q ©

a B &
L
)

f=]
(i)
o

Beam Numbar

(a)

Normalized Singular Yatue Distance
o

Beam Number

{b)

a8l 2 5 s 210 50| 4 Hel
(a) 1Mt = WS 7| 501 ¢t Azl
{(h) &l gto} CIE wlS ZIe| K0| 2F AHel
Fig. 2. Average singular value distance between two beams.
{a) Average singular value distance between two
successive beams
{b) Average singular value distance between beam
8 and cther beams



A

@
-]
2
E 8
I3
8
=
4k
2k
9 s
02 026 a3 035 PX 0dh us
ngsec|
(a)
x40
s
5L
ol
H4
537
b . .
1 .
\ MA/W M\J\N‘L\ f
ux e} 03 035 04 [XCH] 0.5
Titne|sac|
{b)

R 3. BH &iK| dot
(a) Y&iUe 52
(b) M2Fst 7| M8 5 HElZE 5
Fig. 3. Target detection results.
{a) Conventional matched filter output
{b) Maiched filter output with proposed method

o, I3 3 (@ollAle 33 Al o|u]eh 245k s
dlligh - £+ Al ES0) FYFL B 9ok e o
3 (Dol = #hake] dgte &t I A|7|S sH: AF S0}
AR L2 RHO) FA Aol BaRole e Bele
3 Qlok 228 4k k) e B4 5] Al (0
4 WE T Az A9 g o] W

)

9
Ik el
gt ®2 q2) 43S et 29 49] (), () &
7h2} AAe} A5 H2) 7S 8517 o

223} 0] 3 Kol o) g3 Y4 7]
BB £ ek Ao 9]
Yol 57 wele] Jsmyk opo}
o8] 150) gt ol o Ba} kA T g3
¢ el o 2 A1 s AEZe] AR
2 HH 2] dz] A5o) Eatglole s

0}o Z)i
AN

B
ki

o
=
R |
B

£
- - O
ol

V.ZE8

B = Rol A 7] 2ol SIABHE 4 Aol TRo)

o= =XI0AM2 S0l 2t X0IF 0132 LFM T 44 21l XE L 759

Beamno.

05

0.35

03
Beam no.

025
0 p2 Time[sec)
{b)
I8 4, MA o s B e da
{a) et &Y
{b) HIZFSH 2| M2 T MEZE &34
Fig. 4. Target detection results for entire beam signals
{a) Conventional matched filter output
{(b) Matched filter output with proposed method

= B2H0D GAAAY) Sl B
30] 3a5l0] SlckT AR 341 4 ALol Q16
WA E A NER ASt) $4 W ALEee] Bol

B i I“ 7|4




760  SRRESEHEMA M28Y MIBZ (2009)

31

A

Ha

R. J. Unck, Frinciples of Underwaler Sound (3rd Ed),
McGraw—Hill, New York, 1983

. 2SI, B8+ 01@E, T ME Dechirping HES 0IR3! LFM
THete| wAst 71" BITR85i/A) 263, 38, 129-135%,
2007,

. G, Ginolhac and G, Jourdain, “Pnincipal component inverse”
algorithm for delection in he presence of reverberation,’
IEEE Journal of Oceanic Engineering, val. 27, no. 2, pp.
310-321, Apr. 2002,

. Hyung-Soo Lee and Kyun—Kyung Lee, "Linear frequency
modulation reverberation suppression using difference of
singular values,” J Acoust Soc Am, vol, 124 no, 5, pp.
EL328-EL333, Nov, 2008,

. R, Kumaresan, . P, Kirsteins and D. W, Tufts, “Data adaptive
signal eslimation by singular value decomposition of a dala
matrix,” Proceedings of the IEEE, vol. 70, pp, 684-685, Jun.
1982,

. L. R O. Slorey, “An investigation ol whislling atmospherics,”
Phil Trans. R Soc, London. vol. A246, pp, 113—141, 1953,

. R. Nielsen, Sonar Signal Frocessing. Artech House, Boston,
1991.

XAt or2]

*0] ¥ 4 (Hyung Soo Lee)

20004 2% ASiEe Zojst TXRC|ZEe
{S&D

200214 2% 2=diEte st MREEEt
{Z3AR

200941 28 Fscishe st TxtGsht
(Zaaa

20099 18~#IH LIGHARKF)

#OFEAEOE EZEMISRR|, EXEA| o FY

*
i
-:3
+
£
Eal
)

199941 28 PIHHStR SHS FIBSTSIHAL
20014 28 CIMCHElE NS Z7IERFR )
(Zspnp
2001 22~ 3K 2UDSIRTA
» FEMFOL 4533 NSKel, BWIRAL S
e, BREA| 2 5%

*o] # 7 (Kyun Kyung Lee)
kS ersts|R| H26A 25 BE



