NSC 89 2623

88 7

(Modal Spectrum of 3D
PE Field, MOS3DPEF)
FOR3D

Abstract

The modal spectra of the three-dimensional
sound field (abbreviated as MOS3DPEF) are
determined by  integration  of  the
three-dimensional sound field computed by
FOR3D code and the local modal function
computed by FEMODE. The case of off
Northeastern  Taiwan is studied using
MOS3DPEF. Results show that ocean
environment where off Northeastern Taiwan
exists has both 3D effect and strong modal
coupling effect.
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SL-2TL+TS-(NL-DI)=DT

SL-2TL+TS- RL =DT
SL: (Source Level)
dBre 1y Pa,@1m
2TL:

(Transmission Loss) TL

dB re Im
TS: (Target Strength) dB re

1m

NL: (Ambient Noise

Level) dBrely Pa
RL: (Reverberation
Level) dBrely Pa
Dl: (Directivity Index)
dB
DT: (Detection Threshold)
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SE=SL+TS 2TL — (NL-DI)

SE=SL+TS 2TL-RL

Echo Level=SL + TS 2TL
Effective Noise = NL — DI
SE: (Signal Excess)
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1. NTURAY
2. NTURAY HARPO (Hamiltonian

Ray-Tracing Program for Ocean) BELLHOP
( Acoustic Toolbox of NJIT )

3. —
(Gaussian Beam Ray Tracing
Method) 4. 5.
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Reverberation “Reverberation is
defined as that portion of the sound received at

a hydrophone, which is scattered by the
ocean  boundaries or by  volumetric
inhomogeneities.”[7]
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(3) (Numerical Model)
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(ray theory)
mode theory)
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(sea-surface reverberation)

1)

(2)
A. Rayleigh

(Rayleigh criterion of

roughness)

Js:(M)E(l/ﬂz) h—
0.0026v5/2(ft) v—
f— (kHz)

0 K n

B. Beckmenn & Spizzichino

F?cos’g,cot’ b,

S(oy.a,)° g
p(cost, +cosy,)

é (00311 + 003:]2)2

_1+cosqg, cosq, - sing, sing,
cosq, (cosq, +cosq, )
tan® b, @0.006+10.24W " 10’
01 6

F

W

(m/sec) tan?3

(Mean-square slope)

)

10%

(volume reverberation)

Lo . 2 N
g_ (S‘nql - S‘nqz) cot? bolrl

a
a

()
r
dv Sv
(Beam pattern) b(0 ,@ )
l
I, =S, (j)(q J )av dv=r2dQ
ct /2 (Pulse
duration) dQ (Solid angle)
[8]
A.
1508 m/s
Co
P o 1033 kg/m3
h 226 m
S 350700
T 15
C1 1689 m/s
P 1 2066 kg/m3
0.3 m/s
10m
01m
0ls
B.




(a) (mode number)

normal mode
(500~1kHz)
10000

(b)
image
source

normal mode

(Range Independent)

(Adiabatic Mode)

P Pr
P M) =AP(r.ha@.,j)R(.h  ©

Ao

Px(r, h)
(TL)  Po(r, h)
a®.0)
r
Pr Py
(Adiabatic Mode)
[9]

(inhomogeneous)
(time-independent)

(6)

é 1

d(f)
&2 ——d(@)d(z- )

r @, 2N- Np(r)u+ K3(r,2)p(r) =

(omni-directional harmonic point source)
ro=(0,0,z0) p (r,2) c(r, 2)
k(r, z)=w /c(r, 2) z
0 8 0 2
LI

19¢ T u, 'ﬂp(rz)+ e Z)I'He 1 Up(rd, 1€ 1 Mt z)u(7)
r€ w H 2 &2l « 'ﬂr%(rZ)u r é

d(r)

+K2(r,2)p(r,2) =- 2——=d(z- %)

p(r,z) = f‘ré} a,(z)u,(r, 2R, (r) a,(z)

(modal amplitudes)
r un(r, 2)
Sturm-Liouville

1 a0, d¢ 1 000, Ko 0(8)
r(r,z) dz? dzer(rz)u dz r(r,z)

K2 =Kk*(r,2)- k2(r) ko Kk

(7)
o 1
?r(r )U 2 (r,zy)u,(r,2) =d(z- z)
i
MTu.(r,2 Tee 1 9
T "Trér(r,2g
(8) (7)
9)
1T ¢, TR0

§ ar(zo)un(r, Z)| g ke ()R (r)%

rdrg dr

:é}_zdtr) U:'(O,ZO)U (fyZ)V



Iz Zp
8,(2) = U (0,2)/ 7 (0,)
ldedR1(r)u
rdrS dar H

Ra®)  Ry(r) =+/TR, (1)

LA d(r)(ll)
Ty ar k(r)Sl o “P()E,
kn(r)r>>1
IR0 e mpm»0 @
'
WKB (12) Rn(r)

A .
R,(r)» Wexp I an(l‘)dr]

2peP’*r =0 (13)
(7)
/WKB
REEELE expl gka(r)arr| (14)
p(r.2) T 0.2) nallun(O,zo)un(r,z) Tt
Pt Py /WKB
()
Pt)=A Japer au (0, Z,)u,(r, h)9<P|j(§kn(f)dFJ(15)

r(0,z,) n= ;;kn(r)r
e’ ;u O, hy)u,(r, ZO)—exp[i(akn(r)dr]

r©,h) n Ak, (0)r

Zg hr r

“a@i)’

(g-coupling)

R0 =-290 10

(modal-coupling)

[1]

[2]

[3]

[4]

[]

[6]

[7]

[8]

R. J. Urick, Principles of Underwater
Sound, 3rd edition, McGraw-Hill Inc,
New York, 1983.

W. S. Burdic, Underwater Acoustic
System Analysis, 2nd edition,
Prentice-Hall Inc., New Jersey, 1991.

D. Dellis, ”Shallow water reverberation:
Normal-mode model predictions
compared with bistatic towed-array
measurements”, IEEE J. of Oceanic
Engineering, Vol.18, NO.1, pp.474-482,
1993,

D. W. Princehouse, "REVGEN, A
real-time reverberation generator, in
1977 IEEE int. Conf. on Acoustics
Speech and Signal Processing, 827-835,
1977.

W. S. Jar, Hordgkiss, “An ocean
reverberation model“, IEEE J. of
Oceanic Engineering, OE-9, 63-72, 1984.
Jung Yul NA and Sang Kyu HAN

“Simulation of Shallow Water
Reverberation Signals*, Proceeding of 97
International Conference on

Shallow-water Acoustics, Beijing, 1997.
Paul C. Etter, Underwater Acoustic Modeling,
2nd edition, Elsevier science publishers
Ltd., London, 1996.

NSC86-2623-D110-004 1997



[9] George V. Frisk, Ocean and Seabed Acoustics:
A theory of wave propagation, Prentice-Hall
Inc., New Jersey, 1994,



