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High-frequency Reverberation Simulation of High-speed Moving
Source in Range-independent Ocean Environment
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ABSTRACT: In a shallow water waveguide, reverberation signals and their Doppler effects form the primary
limitation on sonar system performance. Therefore, in the reverberation-limited environment, it is necessary to
estimate the reverberation level to be encountered under the conditions in which the sonar system is operated. In
this paper, high-frequency reverberation model capable of simulating the reverberation signals received by a
high-speed moving source in a range independent waveguide is suggested. In this model, eigenray information
from the source to each boundary is calculated using the ray-based approach and the optimizing method for the
launch angles. And the source receiving position changed by the moving source is found by a scattering
path-finding algorithm, which considers the speed and direction of source and sound speed to find the path of
source movement. The scattering effects from sea surface and bottom boundaries are considered by APL-UW
scattering models. The model suggested in this paper is verified by a comparison to the measurements made in
August 2010. Lastly, this model reflects well statistical properties of the reverberation signals.
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Fig. 1. Ray tracing outputs for (a) constant sound
speed profile and (b) negative sound speed profile.
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Fig. 3. (a) raytracing using iso-launch angle interval
(0.25°), (b) raytracing using an optimizing method for
launch angle interval.
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Table 1. Reverberation model input parameters.

Reverberation model input parameter

System paramet Envir tal par t

SSP(Sound speed profile)
(Constant, Munk, User file)

Frequency (Unit : Hz)

Band width (Unit : Hz) Mean grain size (Unit: 0 )

Source level (Unit : dB) ‘Wind speed (Unit : m/s)

Pulse length (Unit : 5) Sub parameter

Source depth (Unit : m) Volume reverberation (ON or OFF)

Source speed (Unit : m/s) Statistic value (ON or OFF)

Source angle (Unit : deg) TVG Gain (ON or OFF)

Range (Unit : m) Doppler effect (ON or OFF)

Rev. time (Unit : s) Beam pattern (ON or OFF)

Water depth (Unit : m)

Ambient noise
Pulse type (Wenz or Coastal model)

(CW, FM, WCW, HFAD)

&m}e] 54l ARE AR A A 1402 o5
SH= S Ul A SAIE a7} 2t A el A Al
3 29o] 441 uf WhAyehs e ol Tel
HEREREREEE SRR E SRR
7H 9 W A B 107} H sl oA Table
ofl e} o] th4e] 92 7Rt W 9 7)-8 A
A3to] cropst B ol A AlEdo] o] 7Hsaleh
50J 5 S 41 5.0) A5 913l T Sk
B AAlste] 43 Aot me] A1 Anks vl
shodrh. vlm AT e B ATelq A 1
& mlo] §H s M} S ol 4] 28 7}
S SISO, o) 55 o] olgh ke 4
o] B7Hs g 0B 2 TS U e RS A
Az o] | myke S ok4hgo] gk, uetA
FF TR B0l A 31450 2 o Foks SHUOR
SE] A2 AR A0k o] Avte] v mE S
B3 A% #1408 4 Hu, ALEs 3
of 4] 2HaES 41 50) 2] 2ao] L asie.
Ul 2
1 AT SSLATAARAE: UD0ISDD)
A0 S GEUL BY A5 13 2
& AT Sl We AU EgE 4 T
ol Sl AEY a2
A=Y

The Journal of the Acoustical Society of Korea Vol.32, No.2 (2013)



114

1.

10.

11

12.

13.

14.

15.

EI N

=) e

MO

H. Weinberg, “CASS roots,” OCEANS 2000 TS/IEEE
Conference Proceedings, 1071-1076 (2000).

. R. E. Keenan, “An introduction to GRAB eigenrays and

CASS reverberation and signal excess,” OCEANS 2000
MTS/IEEE Conference Proceedings, 1065-1070 (2000).

. S. G. Chamberlain and J. C. Galli, “A model for numerical

simulation of nonstationary sonar reverberation using linear
spectral prediction,” IEEE J. of Oceanic Engineering, 8,
21-36 (1983).

. P. C. Etter, Underwater Acoustic Modeling and Simulation,

(Spon Press, London and New York, 2003).

. J. W. Choi, K. S. Yoon, J. Na, J. S. Park, and Y. N. Na,

“Shallow water high-frequency reverberation model” (in
Korea), J. Acoust. Soc. Kr. 21, 671-678 (2002).

. T. H. Oh, H. S. La, J. Y. Na, and C. Y. Park, “Mid-

frequency bistatic reverberation model” (in Korea), J.
Acoust. Soc. Kr. 25, 389-394 (2006).

. Y. M. Chu, W. J. Seong, 1. S. Yang, and W. T. Oh, “Mid

frequency band reverberation model development using ray
theory and comparison with experimental data” (in Korea),
J. Acoust. Soc. Kr. 28, 740-754 (2009).

. S.1.Kim, Y. S. Kim, Y. N. Na, and Y. G. Kim, “Monostatic

reverberation calculation using the BELLHOP model” (in
Korea), J. Acoust. Soc. Kr. Suppl. 1(s) 28, 456-457 (2012).

. H. Medwin and C. Clay, Fundamentals of Acoustical

Oceanography (Academic Press, New York, 1997).

L. Xavier, An Introduction to Underwater Acoustics,
(Springer, Chichester UK, 2002).

F. Jensen, W. Kuperman, M. Porter, and H. Schmidt,
Computational Ocean Acoustics (American Institute of
Physics, New York, 1993).

R. E. Francois and G. R. Garrison, “‘Sound absorption based
on ocean measurements. Part IT: Boric acid contribution and
equation for total absorption,” J. Acoust. Soc. Am. 72,
1879-1890, (1982).

R. 1. Urick, Principle of Underwater Sound (McGraw-Hill,
New York, 1983).

W.B. Lee, J. M. Joo, S. H. Kim, J. W. Choi, J. S., and Park,
W. S. Kim, ‘“Ray-based simulation of high-frequency
reverberation level” (in Korea), J. Acoust. Soc. Kr. Suppl.
2(s) 29, 220-221 (2010).

APL-UW, “APL-UW High-frequency ocean environmental
acoustic models handbook,” APL-UW TR 9407, AEAS
9501, Appl. Physics Lab., University of Washington, Tech.

st oarote|x] 323 M2 (2013)

17.

Rep. (1997).

16. N. C. Makris, “The effect of saturated transmission

scintillation on ocean acoustic intensity measurements,” J.
Acoust. Soc. Am. 100, 769-783 (1996).

J. W. Choi and P. H. Dahl, ‘“Measurement and simulation of
the channel intensity impulse response for a site in the East
China Sea,” J. Acoust. Soc. Am. 119, 2677-2685 (2006).

18. H. La and J. W. Choi, “8-kHz bottom backscattering

measurements at low grazing angles in shallow water,” J.
Acoust. Soc. Am. 127, 160-165 (2010).

| XX} oF

» Z M F(Sunhyo Kim)
2000 22 StFristm (O[StAD
20113 22 Shfrlst
2011 O ~ SixY: st

-
» 0] ¥ H(Wonbyoung Lee)
20013 22 sHZARStw (0|8
2005 22 SHFCHSHW (O|SHAIAD
201214 8L: SHQICHSHW (0|SHLAR

2012'4 8 ~ SixY : SHESHY M= T

-

=

» S & 7|(Seung—ki You)
2002\ 22 SHFChEtm

200414 28 SHICHE

2004~2009 (F)etFutety s HEAL
U =E

20091 A 9~ BXY: SHUCHErM BEALTPE

20104 ~ SXY: LIGHIA R M&S HTLAMIE]
MUATH



Ao Aol A T4o)%E & A0 1T Ae AEm 115

» | X| 2(Jee Woong Choi)

1906\ 22 St (EN)

199814 2&: SHQf (o|stMAD

20024 8! i% Chetw (O[StErAL

2002'A 1€ ~ 2007 82 Applied Physics
Lab, Univ, of Washington, USA,
Research Associate

2004 ~ S 0|5 et
R

20074 9 ~ TX|: SHACHEIW SHAE

gfstnt B

+
of
0jo
0%

» 2 2 Al(Wooshik Kim)

19914 28 St=2 2= 0{CH&tm (0IStA)

1993 28 St=QI=Zo{thstn (0154

. A

| 20051 28 StRHQUC

1993 ~ BxH : agﬁf%_'rg;ﬁ FHOlof
¥

@
6E
9|I_
T
Pl

» Ht M Z£(Joung Soo Park)

1988 2&: SHUCHS!
19903 2&: SHFCHst
2006 22 St=sHChEt (

=)
100 o
xx
=

=

B> O(I;f
Sh ji
>

©
O
o
i
2
9
]
A
3]
B
@
4
o
e

il
il

72

» Hb A F(Kyoung Ju Park)

19903 32 SHEAltstm (O|SEAL
1908 28 AttStCHSHA (0[5t
2003 23 SHACHStw (O|StErAD
20104 ~ BX| : SHZAIRISHT sHQSka

ENmES

0.

The Journal of the Acoustical Society of Korea Vol.32, No.2 (2013)





