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® Collect data appropriate for testing and validating geo-
acoustic inversion schemes based on normal modes

® Obtain geospatially dependent sediment parameter
estimates - mapping

® Exploit Doppler shift in a waveguide to infer geo-
acoustic parameters and interpret results

® Compare inversion results obtained for co-located assets
but different measurements and algorithms

® |nvestigate impact of water column variability on geo-
acoustic parameter estimation

kmbecker@psu.edu
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J-15-3 LF source — Starboard J-Frame
CW comb (50,75,125, 175 Hz)
Radial tows ~5 km out/back on VLA

FM sweep (40-290 Hz)
15 km standoff, 0.5s on/2.5s off

~173 dB re TuPa/im SL

/ BTowed CTD chain
] Temporal/spatial measure of C,T,P.

48 sensors

141 m vertical aperture (3" meter spacing)
~NOT fully deployed during MIME

T

kmbecker@psu.edu
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Geospatially distributed inversion Model validation
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No low-speed layer — only 3 modes used in inversion
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Synthetic Aperture Data
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Comparison of profiles obtained by other

Investigators
. Geospatial Regions
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Presence of Low-speed layer is suggested in 2 of 4 results
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Objective: Measure frequency and wavenumber Doppler shifts on
synthetic aperture created by moving source and stationary
receiver to infer model group velocity

P 2@ = [S@)gk, 2 HY (k 1)k, dk,
Q, = wB—V—SE
1 ¢ L

_dQ,
o dk

n

Modal group velocity is given by: v

Evaluating the modal pressure field at the Doppler shifted frequencies,
the differential can be evaluated to estimate group velocity

[Ref: H Schmidt and W.A. Kuperman, JASA 96(1) pp386-395 (1994)]

kmbecker@psu.edu
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Group Velocity Estimated from Doppler at 50 Hz
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« Wavenumber shift should increase with increasing Doppler

« Measurements indicate decreasing shift in wrong direction

/ 1 m/s \/ 2 m/s V. 3m/s V' 4m/s V' 5m/s \

» Unresolved cause of shift — not observed in previous data sets

« Asynchronous data collection may be cause

kmbecker@psu.edu
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Possibility to obtain full dispersion representation from Doppler
shift about small number of discrete transmit frequencies?

Ping 13 on day 217 to Shru 51 Dispersion - 1/2-space
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For half-space — simple dispersion can be approximated
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Doppler Shift — Dispersion Analysis

NSO

4
Slence & Te ch“o\o%
[} T T T T T T
/ — MIME (BB)
5+ — MIME(NB) ||
— uvIC
10l slo I . .
\ f Dispersion for Wavenumber and
— Travel Time Inversions
£ 25
A 30
3 modes
40
45+
F‘,I%OO 1550 1 éoo 1 6‘50 1 7‘00 17l50 1800 1850
Comprssional Wave Speed (m/s)
Dispersion - Travel Time Inversion Dispersion - Wavenumber Inversion
H T T T T ?E‘ T
i "
nl n
160+ o 160 b 1
= \ t H
n il
i T
i i
140+~ n 140 i ‘=
5 i o i
N 1 H N L
T ®o T ébo
< i = 1
[ ] 1 1 1
3 . > oy
8 100 o o 100 A -
(I i w TR
b Y
E ‘|‘ ‘\\ H “ \
80 U 80+ 1 AN .
o0 & $% o
1 ) ) II |‘ 1
L b ' ! A
60 A N 60 1 ‘\‘ H 4
[ Ly 3 | ‘ ‘ le‘ \./ ‘ | ‘
. 6.0 ©
0 0.2 0.4 06 0.8 0 0.2 0.4 0.6
Rel. Time (s)

Rel. Time (s)

0.8



«*4 | | )
A7 4
8 Y]
: = O
(7]
S 5 | [
A 5 I o )
o 0
5 O
i®) <
m o)
[{e]
5| Jao
S £ o
cC C g
% 0.2 :
- — a ﬁ—
% c & =t |
> =9 : .
© 8 D
n m m m \\\\\\\\b\ ”Hfﬂ\\\\\l Ily\._,\\\\ //.
f e %I ““““““ \\ \“Q-“\ ﬂ‘ “‘\\\“ J‘~ \\‘\
2 2 m ........... i S > 0°
nA O ﬂ S Innnuuuuuuuunnnunnhu llllll .—aallllllllln.-laaalz ||||| .\._sl
- — o h II \
ke e 3 -
%) OO
= Q> 9 , , g , s °
) IZNCIN S S I S
2 AN (zH) fousnbai4
(7))
a o 1
e
o~
0]
| To
c 5
(=]
— 8% 1 :
oz z
2 o [ o=
e EEEYe) 8 o
=E=50 i o [ |°
[ ] ss £ )
Ie) B &
O |
Qo £ B
1V ,N
3 = a
" = | A T
~ ‘ s g i e
£ W / m .m \ m |
o E = | l
— S -
Q0o a -
oo g - |
- i
1
m e et g 8B S Y & m
(w) yideg m
1
N_ | , _ | ] n o
n._‘ u o < & 8 3 8
= g ¢ & 8 8 8
% (zH) fousnbaig

Rel. Time (s)

Rel. Time (s)



1),

S
P

“ofo‘bi

Sos
ence & Tech

N

ispersion Analysi

Doppler Shift — D

by
<
dmm
285
S o
208
<X d

PENNSTATE

T T Al
C 3
© S | I°
ie)
o &
() g
O =
- 2
[(e]
3 J@
o
u S m o~ .
c c 2 e
7
o 9O 2 Y
e r
>'M S s /
© o = | o / P
1
=2 : S
4
= o Y i VP | e
| - m ’o " Ay l.\\b\ Ay \.-\\\ II \\\ /l
o= 5 o 7 % 4
1 PRt N LY .
e [e) [P W T \|°\ 1! " v -
c Lot PP Yo |
IO Lk O, Lol o - —
m gt S .m ||||||| AL Ll H o
O R lknnnuuuuuuuunlmunnw |||||| M.—— ||||||||| h.-na.a ||||||| ! 9
i ! H o
- — _ (7)) H P iy N N /
wn ()] ' 1\ P / halis
. \ A ;o !
— ' \ *
oo 9 \ S Nt
A Y s -
o> O et O _ | —o
n o £ e & §&§ & & 8
— A = » T
'a) N~ (zH) Aouanbai4
T T =
| ]
c o
o o
: E: &
gg 2
P S
o0 -
v | |
11 s E °
‘ _ B E
i O - 8
88 SIS
= [ g »” N7 H N
g - . X VN
23 'r \o\ 3 1 ; 15
[ IFE - ) H o
2 5 :
T 3
/ o £ H V
L @
g L i
@ :
— g ° :
8 (]
1 1
L L L L L L c m _ -
°© ® 2 v 8 8 8 8 3§ 8 a° “ “
(w) ydeqg : :
: m
, ) . L L | L| o
o =1 Q 8 2 8
o < a = 0 ©
-— - - =
(zH) Aousnbaiy

Rel. Time (s)

Rel. Time (s)



N,(o‘bi

-
-

Sos
yrice & Tech

N

Analys

100 120 140 160
frequency (Hz)

80

60

Group Speed for Wavenumber and
Group speed max > slow layer speed

Travel Time Inversions

(7)) TN —
n e s\\m —_- o—— llrl
]
®) §o. O -
7 e - NGOy
m m ll_r Ay \\
(D) o o o ¥ F o o o
S = 8 B8 8 ¢ g 8 8
b A o b b - A
N < (s/w) Aloojap dnoig

-

O ,
LY \:.\
|u-.|\\ /
] Y
1
= AU
L ;
- I ;
» — Sl .
L
W
- -
@) o ..w
w0
—_ < _-- i
L& O A
oz A
EﬂC o -~ Y
223 o 5 AN [
— £535 = 3 f 3
1
Q. || :
[
187 Vi NS
Q. — BE iy W
=t = I TN
3 vty B VI | AP \
o8 | emmmm= N T v "
19w 1y | LI W A S N
mo 1y _ M= AN "
> b b L , Y
5 P Troowo N i
= —— [ VRN \ 1
o3 | o o = 1L 1tk ~ 7
r 18c I 1y 1 N -
Lo R -
> D Py N
4 [1 -
£ 5 / o2 mmmmammmm—— u-_..-L_.. "ﬂ.. N
rmmmmm———
o) m ...m L 123 - 1 3 [N Y
D m© 20 [ (SR (Y
— [ VioooN \
= ® O L 1 1 N 7
2 0o [ ¥ . -
20w 13 1o ||:||||..V4ﬁ1||\
<c S Z.v R A SR | .
- P . .
[ ' \
. , s 8 HEY v 2
0O
© v 2 2 R &8 8 8 8 98 8 A |||—1||||-!....||l||\
(w) yideg R —— A .
\ [}
1Y 1
Y "

100 120 140 160
frequency (Hz)

80

60

o----
45?

1600

1550+
500+
400

1350+

PENNSTATE

(syw) Anoojap dnoug

1300



PENNSTATE
] AChiied Summary

Research
Laboratory

® \Wavenumber and travel time inversions obtained for
low-frequency acoustic measurements on VLA

® High Freq./Wavenumber analysis indicates slow-
speed
layer

® Dispersion characteristics for low-order modes similar

® Dispersion relationship for high-order modes has
potential to validate presence of layer

® Doppler frequency shifts measurable for slow tow
speeds

® Doppler wavenumber shift not consistent with physics
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