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ABSTRACT: A set of experiments (Shallow Water 2006, SW06) was carried out in shallow water near the New
Jersey shelf break in summer 2006. Significant fluctuations in direct and surface reflected arrivals were observed
from the chirp data (1100~2900 Hz) measured on a vertical line array. This paper presents a geoacoustic inverssion
technique for short-range acoustic data with fluctuating arrivals and inversion results of experimental data. In
order to reduce effects of random sea surface on the inversion, the acoustic energy back-propagated from the array
to the source through direct and bottom-reflected paths is defined as the objective function. A multi-step inversion
scheme is applied to the data using VFSR (Very Fast Simulated Reannealing) optimization technique. The
inversion results show a source depth oscillation period equal to the measured ocean surface wave period. The
inverted bottom sound speed is 1645 m/s and is similar to that estimated by other work at the same site.
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Fig. 1. The source trajectory and the sound speed profile.
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Fig. 2. Acoustic data (a) on the VLA at 22:50 UTC and
(b) on channel 3 for 380 pings starting at 22:50 UTC.
The amplitudes of arrivals are on the right colorbar.
(D: direct, SR: surface reflected, BR: bottom reflected,
BSR: bottom-surface reflected, and SBR: surface-
bottom reflected arrival).

SR oA ASH SFdolE = BT

%3 (matched filtering) 71782 A A A1 2.7} == ek
whaha] 2 =10 SFHolH = ATUEY A4S
£ oJu]gith Fig 2= =2 GollA] AISH i
2l SFrlo|HE HojEtt 19olA] D, SR, BR,
BSR, SBR- 7}7} 2| e, sf|<=rH HhAtl, 3 A
r HhAbl, S A H-al|< 1 RhAkl, 2] 1 sfj4=E-3
A HiALaE o] ] gich e -S3Fd| o] El+=Fig. 2(a)
oF AR S 25 Btk 18y g7
3} 7]+= Fig 2(b)ol| A Ho]= v} Zro] Al
5= 23Uk Fig 2(b)= =2 Alul G o) 31 A d
tlo]E 5 %7] 380 s 3 | o] El[Fig. 1(a) YF E
T oF20° o] =R E 7t A £ E”AVMEL
71& FZsto] Uepd Zojtk 19 o 2 5 E o

S upef Fo] o] FsHHAl HAYTE S--vl % 74
2] Zpof| w2 mIAZH HE T} o] Ktk T WhE
7|2 W55k @40l ﬂiﬂ"*q o] o w2 M
F7)e HTRe] V]9 dR|Ehs AR HEl Al
' me g Bo) 7] M-S B3] 4o whAla) A
E(SR, SBR, BSR)eoﬂ A Al

So viajal A B 7F Al

HEo| A3 F2o] gl= F
ATk o) 2iFt B 24

o= 9Tt X] H|323 M4 (2013)

AFQIAPHE] 7 o] ThSF QI H A5 EA| Al (replica)

2 hy (t,m) 2} 8t 1) B 7751E AT} S (normalized
O

back-propagated signal) += T3} Zo] A o] ¥t}
s (Tt
b(t, m E )
=M/ﬂ@ MT
h ,(f m) @
T 12
/ ’hk(T,m)‘dT
0
AMellA N2 AA B5719] Apolal 7= Al
59 $& AZHESIE Uehlis *= Auss
(convolution) AEAFoIT}. Al(1)9] AFatE o #u}
ABE mE Ado] et Aeke 4By
(cross correlation function) 2] B wtgkol| siE . A
S Q)3T 223k (objective function)= 2 A A|7HH €]
(focal time-width) At ‘£0to] A u} A5 2|off u}¢]
24 ohga) o] e,
— A N
2 =" [ e
1 t
l @

for0 <t, < T— At

ZAATHS] At Y2 Sl LA & g
L3l A7 AS ou)sie gt e H LI
2.9KHz chirp 41 5.9] 23 A17H- 1 ms &2 %5k ch

o1g A Suk HAAD(h,(t,m)) = A B0
o gt =284 of] &Jaf rold 4= itk s A A
20& Bl 4 e ZEAYEA T 2470
mElz o] 53] 79 o] e vl gl ot B |5



TS QAo A aLstr] ol o7 A= At
b ol A Fe) 7t Qlet. TRk =t 2| et s> R
+ Al eFeha oAbl dig -8 A HE S
5] Al 5oHA] etk o] 2Rt E+f 2Rt st HhAL
9] %%%%Oh S| A o kol RE-317] A3k
Ldo A sl FAE Al
whehA “&4 Jolle 23 =dutet s A whabat

s1oit) &, A2 E SFABE A2

1o

jales

&

i ol

[>

Wi

K3

N

>_r{

lo

o))
o 2

H
iy
fil
=
u)
O
:I:ﬂ
i)
t
ﬂ .
oz
c
=
4
&
jus)
=
A0
= o
g,

(half-space bottom model)-g 7135k AA 2 =
d(layered model)o]] o 3t A 4=3Y 5 A 7} wEEL
ubet o] vla) o b Ak 22 S gleln
2ha] 2251 1.1-2.9 kHz chirp A1 5 0] -2 k30
8lo] A1) A2 & ot 4 ik wheksick

2 Atoll A= FARIAEE 71618H4 Q1A (geometrical
parameters) X] 25F8}A Q1 xH(geoacoustic parameters),
& BL52 O] XSSP parameters) 5 Al L
ToE —Erﬂarﬂ?&ﬁk 4k O‘XPQP 2 E”‘iFig 33}

Eﬂrﬂmm

JHEﬂifﬂﬂqﬂ%ﬁiadﬂ—ﬂﬂmA
24U EE TPtk BOR £ 55
SsP

D
Source
depth, range
BR VLA tilt

Bottom speed, density

Fig. 3. Inversion model and its parameters. In the
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propagated to the candidate source position without
surface reflection and the focused energy is used as
a measure of fitness.
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Table 1. Parameter search bounds and corresponding inversion steps.

dhzl s A0 A, Peter Gerstoft, William S. Hodgkiss

Parameters

Bounds (Step 1-4)

Inversion Steps

Min Max Stepl Step2 Step3 Step4
Source Depth (m) 30 40 O ®
geometrical Source Range (m) 180 200 O ®
VLA tilt (°) -5 5 O ®
. Speed (m/s) 1518 1522 ®
Break Point 1
Depth (m) 5 20 ®
Break Point 2 Speed (m/s) 1505 1522 O ®
Speed (m/s) 1486 1522 @) ®
Break Point 3
Depth (m) 20 34 O ®
. Speed (m/s) 1486 1522 @) ®
SSP Break Point 4
Depth (m) 20 34 O ®
. Speed (m/s) 1486 1496 @) ®
Break Point 5
Depth (m) 25 34 O ®
Speed (m/s) 1485 1491 O ®
Break Point 6
Depth (m) 25 40 O ®
Bottom Speed (m/s) 1489 1493 ®
. Bottom Sound Speed (m/s) 1500 1750 ®
geoacoustic -
Bottom Density (g/cm3) 1.0 3.5 ®

Note: The depth of Break Point 4 is not allowed to be smaller than Break Point 3, and so on for Break Points 5 and 6.

(Odenotes pre-estimation and ® denotes determination at the corresponding inversion step.
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Fig. 4. Inversion results of 40 pings of acoustic data measured at 22:50 UTC. In the source depth and array tilt, reference
sinusoids of frequency 0.12 Hz are given as dotted lines. The amplitudes of the sinusoids are 1 m/s and 0.5° for the
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