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Simulation of underwater reverberation signals
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AL o] M FABMNA bk A2 A5 Yo o iR 27 29U &4 Z9(power level) Dol H] 3
52 AL 2% 90 g2 S F45A ol Bk £ =elME Ay Aol P o W3S I (reverberation time
series) & Z o3tk $4 Fae FQofA B2 Fo| WilD Jp$A B E(Gaussian distribution)§ e EE e
2 E & (normalized spectrum)& 41 A1t 74l wjg} 2ot THAR, 71E &% wde] An Xzt WE
e #9495 222 x2sld AHEY A9 FAsGTE ARz S AEe] AHEYHY HYF 2HERYRE T
(product) 5}t o] Aat§ I 29 W (inverse Fourier transform)& o| &3l 22 & wo|}Qr}

Abstract

Simujation of sonar reverberation time series is very useful because most acoustic models are power level models
and have a difficulty when performance of hardware system is evaluated under the reverberant condition. Thus, in
this paper, the simulation of reverberation time series is attempted, First, normalized spectrum, whose bandwidth is
varying in the frequency domain and which has zero-mean Gaussian distribution, is calculated at pre-selected receiv-
ing time, Second, reverberation levels given by underwater acoustic model are combined with normalized spectrum
in the frequency domain, Finally, nonstationary sonar reverberation time series are simulated by IFT{lnverse

Fourier Transform),
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Fig. 1. Closed ray path used in reverberation calcula-
tions.

|Prel2=T (P, 'h(em )P]{i}PZ{I} 6. UJ Y2 X pu) AR

A7VX Pyt AFE S
Po: & &%
P S d@A 7= dg &4
Pz‘“ DR A A SAARE AR &4
{6 ") S8 AT FA
16, 2"t FA AZ £
AV EY 3P R

ol@ & el oA MY AYEL index ()71 (i, j)
2 vl@ol A b3 ol EAIY = UcHFig. 2).

[P, 2= |Py 0 (85 P G- D P62 e (03)) 12

vax"’ .d.X“"] AzW A(p

A7V A H B BT
X0 Ax ) 4260 Ap ; A ) A

HoA B9 Chapman-Harris’®] #)H 48 =



4
ofn
2
o
go
=
lop
K
10

\ \

\_——
N x 0, 0) )
SR VOO | S
1
- l ¢ 12))

- ! ! I

‘I; T-7 . t(l‘)J) T

Fig. 2. Insonified region used in reverberation calcula-
tions.
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Fig. 3 Processing flow of sonar reverberation time
series model,
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Table ). Parameters for case A

Parameter value units
reverberation type  surface, bottom, volume
maximum range 2256 m
range interval 48 m

| beam pattern narrow
sowce depth 50, 300 m

I bettom depth 500 m
sound speed type profile mfs
sonar speed 10 knot
carrier frequency 2 kHz
sampling frequency 8 kHz
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dotted line : bottom, solid line : surface, heavy
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Fig. 8. (a)—(c) Reverberation spectrogram and con-
tour plots for case A. {a} beam width :16° (b)

beam width : 15° (c¢) contour plot of the beam
width 10°
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Fig. 9. Simuiated reverberation time sereis for case A.
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V.22 5 &9

% EEAMNE 71E) 8 29 o) &8ty v|F
% AYS VIE 2ojsts PP A8 B
—r%‘tﬂ: ojei% Wyl o R Jie 2 AlA
93 8% 2P FERA JEF Al 4 AT

73

dxel RRE SU7 FARES W, A% A3
e EEsd 24EPS AN Azl B
wslsle AMEYNY FPE FAe 2dAA A
29 2L 299 BANAT FUl AHY AEE
2987 AHA B0 FTE e VY gl @
= & gl 548 naisiol st

2 2 g ¥

L. P. Faure, “Theoretical model of reverberation
noise,™ J. Acoust. Soc, Am.36, 259-266 (1964).

2 S. G. Chamberlain and J. C. Galli, “A model for
numerical simulation of nonstationary sonar rever-
bertion using linear spectral prediction,” IEEE J.
Ocean. Eng., OE-8, no. 1, 21-36 (1983).

3. ]. C. Luby and D. W, Lytle, “Autoregressive
modeling of nonstationary multibeam sonar rever-
beration,” IEEE jJ. Ocean, Eng, OE-1Z, vo. L
116-126 {1987).

4. H. Weinberg, “A continuous-gradient curve fitting
technique for acoustic-ray analysis,” J. Acoust, Soc.
Am, 50, 975-984 {1971).

5. H. Weinberg and R. Burridge, “Horizontal ray the-
ory for acean acoustics,” J. Acoust. Soc. Am, 55
63-79 (1974).

6. H. Weinberg, “Application of ray theorty to acous-
tic propagation on horizontally stratified oceans,” J.
Acoust. Soc. Am, 70, 1736-1742 (1975).

7. R. 1. Urick, Principles of Underwater Sound, New
York : McGraw-Hill, 1983,

8. P. C. Etter, Underwater Acoustic Modeling,
Eisevier Applied Science, 1991,

9. A. V, Oppenheim, and A. S. Willsky, Signals and
Systems. Prentice-Hall International Editions, 1983.

10. J. S. Bendat, and A, G. Piersol, Random Data
Analysis and Measurement Procedures, John Wil-
ley & Sons, 1986.

11. . G. Proakis, and D, G, Manolakis, Digital Signal
Processing, Maxwell Macmillan International
Editions, 1902,

12. J. Y. Na, “Prediction of reverberation of a moving
body,” ADD Tech. Rep., Korea, 1992,

13. f. Y., Na, “Target and environmental signal
simulation and target motion analysis in the
inhomogeneous medium.” ADD Tech, Rep.. Korea,
1993.



74

ALl F @&(NaJung-Yul)
A k) 8w =) Fa| Gt} mag
(B335 3] 2] 86T F2)

A2 M E(Oh Sun-Taek) 19694 2¥ 1444

1992 24 : g et m A 7-3)
stz (o}
#AH

- 1902%3 8¥ -~ : ghgrh st

EEEREE D2
‘ . sta} A ALg A8

BEASNEAE F13%F HeWOWY



