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Objective

* Apply Bayes’ theorem to the estimation of bottom
scattering parameters using the latest generation
bottom scattering models for complicated layered
media

* Reduce the model parameter space by utilizing
pottom forward model obtained through
proadband reflection analysis

« Using a posteriori model probabilities, obtain
estimates of scattering strength and corresponding
reverberation uncertainty at off-experiment
frequencies
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Forward Propagation
to Scatterers 1800 Hz
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Scattering Analysis

Data Site 4 1800 Hz

boundaryZk-vetra-sda-sh-13-2-3, snapshot 13, 1800 Hz, 150 Hz BW

-100

1505

-200

| |

-100

1505

Eeam am

-200
hs—huundaryzklwetra sda-sh-d 3-2-3 S, 1#out of 13 akBrages, 168008z, 150 Hz BYW

g 50 II N | "u[n-' |
% D |||u qéJ“M | 1 =
;.E;i -5 I H

-10
1 1.2




y | 1 =100
.ﬁmﬂhﬂw' N o,
, . 40T

-1R0

-140

ages, 3800 Hz, 150 Hz BW

-G

-100
1720
140

-1R0

-180

ss-houndary2kivetra-sda-sh-41-1-2 &I, 1 out of 12 akbrages, I600Hz, 150 Hz BY

Time (5}



o
[t
o
o
o
c
©
E
©
O
m




=]
LiE]
o
A
o
=
®
E
®
Lt
m




e Basement-sediment interface
— higher multiples




e Sea surface can be a
contributor 1n shallow
water




RL (dB re 0 dB SL)
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Site 4 bottom scattering RL vs grazing angle (3600 Hz)
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4 Models for Surface and Volume
N Scattering in OASES

* Rough surface scattering * Volume scattering
(Schmidt and Kuperman (LePage and Schmidt
1995) 2000, 2003)

- 3-D — 2-D (3-D monostatic)
— fluid-elastic — fluid



* Inhomogeneous Helmholtz equation
— sound speed iInhomogeneity

— total, 100% correlated density and sound speed

{V2 + kbz}ps (x',2')= 2%(%, 2')kZp(x', ')

+ ZW%(X', z')e Vp(x',2')



[llustrative Example:

Slow Sediment

 Fluid halfspace

— 1500 m/s

e Sediment layer
— 1470 m/s
— 200 m thick
— p=1.65 g/cm”"3
— o=.01 dB/A

e Basement
— 2300 m/s
— p=2.65 g/cm”3
— o=.5dB/A

%

k¢

Source depth 28 m

Water

/Roughness

() =1m*,D=25
l,=10m

e

i - | inhomogeneities Ac/c=1/1500.D=25

—

Basement




Slow Sediment Layer:
? Rough Surface Scattering 500 Hz

Source depth
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Slow Sediment Layer:
Volume Scattering 500 Hz

Source depth

SO0

Subbottom
Reflection




(T Scattered Field Measurements on a
= VLA from Slow Sediment Layer

 Surface scattering * Volume scattering
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e 101 m Deep Waveg

Malta Site 4 Hypothesis 1.

Sediment VVolume Scatterinc

— 1511 m/s

8.4 m Slow Sediment E

Water

k¢

Source depth 28 m

_  —

— 1480 m/s

| mromesmeiteac/c-1/1500.0-31-398.

0.2 m Fast Interstices—

— 1550 m/s, p=1.7 g/lcm”3

1.6 m Slow Sediment
— 1490 m/s, p=1.6 g/cm”3

Fast Basement

Basement

— 1615 m/s, p=2.65 g/cm”3
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Y Inhomogeneity Scattering (Worst)

DASES Site 4, tot 8 m, 900 Hz, 3 ¢c=1 m rms, v=3.0, D=3.2, Ir=1 m, |z=4 m, bw=30 Hz, 16 averages
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Best and Worst of Hypothesis 1

o L=1m, | =4m, o L=4m, | =1m,
D=3.98, &, .=6.5 m/s D=3.1,¢,,,=1.4 m/s
. P(O|m)/P(O|H 1)=1.00 - P(O|m)/P(O|H 1)=0.48

QASES Sc=1 mms, =30, 48, m, Ir=4 m, 16 averages site 483c=1m ms, =3.0, 0=2.1, k=4 m, Ir=1 m, 16 averages




o L=1m, | =4m,

D=3.98, &,,,=6.5 m/s
m)/P(O|H,)=1.00

. P(O

Site 4 SS best model vs data (1800 Hz)

o|z

D=3.1, oC

=4m, | =1m,
=1.4 m/s

rms

* P(O|m)/P(O|H,)=0.48

Site 4 SS worst model vs data {1800 Hz})
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Malta Site 4 Hypothesis 2:
Basement VVolume Scatterinc

e 101 m Deep Waveg

— 1511 m/s

e 8.4 m Slow Sediment E

Water

k¢

Source depth 28 m

— 1480 m/s
— p=1.32—-1.5 g/cm”3

i 0.2 m Fast Interstices——

__ + 1.6 m Slow Sediment—

—,z\j; \\ ~ Sediment

= |nhomogeneltleSAc/c 1/1500 D 31 398
== \Basm

- 1550 mfs, p=1.7 g/cm%

e ', —

=30, =1-4m,|, =1—4m

‘:_\<,_(7; — = ———— \i,;

— \(

— 1490 m/s, p=1.6 g/cm”3
e Fast Basement
— 1615 m/s, p=2.65 g/cm”3




Best and Worst of Hypothesis 2

o L=4m, | =1m, o L=1m, | =4m,
D=3.1, &,,,=8.9 m/s D=3.98, J&c,,,=38 m/s
o P(O|m)/P(O|H) 062 . P(O|m)/P(O|H) 040




* 101 m Deep Waveg

— 1511 m/s % water Roughness<> =lem’,D=2.1-2.98
. 7 _4
’ 84 m SIOW SEdIment Source depth 28 m /
— 1480 m/s — -

— p=1.32-1.5 g/cm”3

— « 0.2 m Fast Interstices
— 1550 m/s, p=1.7 g/cm”3

e 1.6 m Slow Sediment S

— 1490 m/s, p=1.6 g/cm”3

e Fast Basement
— 1615 m/s, p=2.65 g/cm”3




Best and Worst of Hypothesis 3

e | =4m, D=2.98, o | =4m, D=2.5,
ONyms—=2.1 CM OTlpms—2-2 CM
. P(O|m)/P(O|H) 0.84 < P(O|m)/P(O|H,)=0.78

QASES holland site 4 9, m, 16 averages QASES holland site 4 =1 m rms, D=2.25, Ir=4 m, 16 averages
T T T I




Malta Site 4 Hypothesis 4.

@2 |nterstices Rough Surface Scatter

e 101 m Deep Waveg

— 1511 m/s

e 8.4 m Slow Sediment E

k¢

Source depth 28 m

Water

— 1480 m/s
— p=1.32—-1.5 g/cm”3

2 2
Roughness (7) =lom’,D=2.1-298,
l,=4m X

— ¢ (0.2 m Fast Interstices

— 1550 m/s, p=1.7 g/lcm”3

e 1.6 m Slow Sediment
— 1490 m/s, p=1.6 g/cm”3

e Fast Basement

— 1615 m/s, p=2.65 g/cm”3

Basement




Best and Worst of Hypothesis 4

o | =4m, D=2.1, e | =4m, D=2.5,
ONms—11.6 CM OTlrms—0.9 CM
. F’(Olm)/F’(OIH) 0.69 « P(O|m)/P(O|H,)=0.61

QASES holland site 4 =1 m rm=, 0=2.1, Ir=4 m, 16 averages QASES holland site 4 n=1m rms, D=2.25, =4 m, 16 averages
=105 T T T T T T =100




e 101 m Deep Waveg

— 1511 m/s

e 8.4 m Slow Sediment E

Water

k¢

Source depth 28 m

— 1480 m/s
— p=1.32—-1.5 g/cm”3

Roughness <77>2 =lonf,D=21- 208"

/ =

— ¢ 0.2 m Fast Interstices
— 1550 m/s, p=1.7 g/lcm”3

e 1.6 m Slow Sediment
— 1490 m/s, p=1.6 g/cm”3

e Fast Basement

_.QAAM

Basement

— 1615 m/s, p=2.65 g/cm”3




Best and Worst of Hypothesis 5

e | =4m, D=2.98, o | =4m, D=2.1,
OTlrms—0.3 CM ONms—28 CM
. P(Olm)/P(OIHl) 0.87 « P(O|m)/P(O|H,)=0.65

QASES holland site 4 9, Ir=4 m, 16 averages OASES holand site 4 =1 m rms, D=2.1, Ir=4 m, 16 averages
T T T I




Volume Inhomogeneities Roughness

Slow layer
Sediment- Fast Sediment-
Basement Layer Water
Interface Interface
A=19 0.0596 0.0593 0.0444 0.0542 0.0549 0.0547
A=1.75 0.0601 0.0586 0.0500 0.0539 0.0550 0.0548
A=1.51 0.0615 0.0588 0.0513 0.0578 0.0554 0.0559
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Bayesian Model-Based Transfer
of Uncertainty to 900 Hz

Bayes estimate of Site 4 SS mean and std deviation at 200 Hz
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35 (dB)

Performance of Bayesian Model-
Based Transfer of Uncertaint

Bayes estimate of Site 4 SS mean and std deviation at 200 Hz
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7N Bayesian Estimate of
Reverberatlon vS Observation

e Data Boundary 2004 e Estimate
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=== 3600 Hz data

=== 1800 Hz data

=== 900 Hz data
3600 Hz best fit
1800 Hz best fit
900 Hz best fit

RL (dB re n Pa)

Grazing angle (deg)




e T2

e SSvs1800,3600Hz < Extrapolation
data performance 900 Hz

Site 4 S5 Ir=40 m simple model vs data (1800 Hz)

Bayes estimate of Site 4 RL mean and std deviation at 900 Hz
T T T T T T -60 T T T T T T T T

_1gH = Site 4 data e ] = Bayes mean :

— Ir=40 m simple model : : == Bayes meanto |
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Conclusions

Bayesian approach offers a statistically
meaningful way of propagating experimental
uncertainty to model predictions

— Monte Carlo methods may be used to obtain p(O|m)

Measurement certainty (low variance) required to
resolve models

Model mismatch due to finite model space
Integrals can introduce model probability biases

Further work Is required in the current example to
obtain models for Site 4 with lower bias

— Thin volume below interstices
— Sensitivity to forward model estimate of attenuation
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