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Abstract

Matched field processing(MFP) is a parameter estimation technique for
localizing the range, depth, and bearing of a point source from the signal field
propagating in an acoustic waveguide. MFP involves the correlation of the
actual acoustic pressure field measured at a receiver array with a predicted
field based on a postulated source position and an assumed ocean model.

A high degree of correlation between the measured field and the predicted
field indicates a likely source location. Thus an increased complexity of the
ocean’s structure provides a greater variability of the acoustic fields, which aids
the estimation procedure. When the environmental data are inaccurate or
incomplete, a "mismatch" occurs between the measured data and the predicted
pressure field, that causes a degradation in MFP correlation and an appreciable
bias.

In this thesis, I was concerned with quantitative evaluation of the effects of
mismatches arising from inaccuracies in a number of important system and
ocean environmental parameters in a shallow water. The motivation for this

study is to examine the biases in the source localization and the sensitivities of



the matching results from various mismatches.

Using a conventional estimator, I have investigated the bias of range and
depth estimates caused by perturbations in array position, as well as ocean
environmental parameters through the simulation. Replica fields are calculated
using the normal mode methods with the exception of bathymetry case. Also
this study examined the sensitivity of MFP to geometric, geoacoustic, and
ocean sound speed parameters using the genetic algorithm. And this method is
applied to measured data to overcome mismatch and accurately estimate source
location with limited a priori environmental information by expanding the
parameter search space of MFP to include environmental parameters.

As a result, significant biases can be introduced into the depth and range
localization predictions of a MFP through erroneous estimates of environmental
parameters. It can also be concluded that the impact of mismatch, both
summer sound speed and sensor position in water layer, is more serious than
the geoacoustic parameters. This implies that simulations of mismatch which
consider only a few errors will provide very misleading results on source
position. Water depth and bottom bathymetry errors can be offset significantly;
it shifted progressively farther away and deeper from the actual source location
as the true water depth became shallower. Errors in estimates of the sediment
attenuation and density, and basement parameters appear to be of relatively
minor importance.

From an experimental implementation viewpoint, these result should enable
resources to be concentrated on obtaining reliable values for those parameters
which are important to know accurately, avoiding unnecessary effort to
overdetermine relatively unimportant ones. It is also necessary to understand
the types of mismatches in MFP that may be introduced by inaccuracies in the
various forward modeling parameters, so that specific types of information
deficiencies may be identified and attempts can be made to compensate for

them.
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M7b Ao agla sge HeHLe

gain Constraints : WNC) Z 2 A| A7

-
mog
=)
= >
o X
= X
)
1=
2
o
oo
o,
A
12
2
=
2.
T
Z
O
.
(@)

MV-NLC(Neighborhood Location Constraints) ZZ M X+ 243t A
A8 Z2 MM} 22 FHY SHS A g5 FHYAR JARE THEAE
AbEste o Z o E §o|2+= Multiple Constraint MethodMCM)©|2tilE &
. MV-NLC Z2Al49 dAge  pfy= 2 BAHY, FAY99A82

(Neighborhood location constraint matrix) D+ T3 2ZH1][5][15].

D= M"d(r, 2), M d(r+ 4+/2,2), , M d(r+ 4r/2, 2+ 42/2)] (2.12)

AZ1NM ar@ 4z = AR FAM AY Z2AM FH9 WEFoH, M
< UE QR JAFEAE 3} A= EF7(column space)e] | mdYFolrt.

Ao
kA MV-NLCol| U3t &8-2 o3 2ok

H = -1 -1
Pre(r, 2)= fH(fHD( 5 )Dl) f (2.13)

ANANN  f= D" M" d(r,z)°1M, R,=MTR 'Molth @8 Schmidt 5
& page 2zl sl nAsel, At e A A2y e A%,
829 MNFE IN g + 152 ALSFAT15]. A7AAM N, = FAELA 8F=
49w wARse F2 Az Pol B9l A 59 dW@e AsE
AeATr. MV-NLC Z2AAE 9 AT 48o)r MV Z2AARTG A

= (e} R
EA4E Ze
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-EPC(Environmental Perturbation Constraint) ZZ A= &7 uj7/jH
=5 44 WA AFeA WMok 7pgetar, o E e WelA dee 91*
2 2339 o2 AEAA A&eHe] WA TS AATORA
A 4o s Z2AA FHo HuAo] SHHESE HAHIYG. s A
Hase] WEHSA JPgstd, MV-EPCO oAl 38 cv o3

C(r,z)=[Md(r, z;¢)), MPd(r, z; §,), -, MPd (7, z; §5)] (214)
A7 M2 AuPAe] AFolH, ¢

HE R 71" BEASZe] & K MEH Bolok 3t A Z<
.’}:

gz, Az ZagEe P 2 aaEEl

Bl

= A AT SN BASH
=9

K,(r,2)=E{d(r, z¥) dr,z®)"}=HA H"' (2.15)

7
o

A7NN g o HAWD At K, ANAA nguEe 43S 42

sti gtk FZEAQl WAgZ A JdEE M )5S Hustslr] s AT
FLAA 27HE $HS A9k, MV-EPCY 82 o33 2oH15][17].

~ —~ - -1

Pppc (7, 2) = e{{( H" K, 1H) e (2.16)

A71AM e = [1,0,,0] "ol

ot MV-EPC Z2AAM= FAd EHolg et SA3 @709 wiAds=
A" AT Fugko] otyn, dojo] &4 wifsEl] Wi ZHZE
(Monte Carlo) &3 &3l K /IZ 7F4¥® &9 9¥ HHE O #s A
sto] Fo AAE 9o g Fole ZIWolth o] ZRANE 4 AT =3
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Received Array Signal

| |

No. 1 Freq. e o o |No.NFreq.
Data Data
No. 1 Freq. No. N Freq.
Replica Replica
3 Vector 3 Vector
Covariance Covariance
Matrix £ Matrix
L b
Processor . s @ Processor
‘—» -

Ambiguity Surface

Fig. 2.3 Incoherent broadband MFP algorithm.

7b Q1 Ao= s1Aed, Fig 233 Zo| 7t Foig
A NetgdE doEd By FFAA s}
4 B At Fo1]2].
= 4 (228)9 FHE & + SUth

=

~ ~ 1 & ~ ~
P,.(a)= N, ;l[ w? (fo; @) K(£) w(fy; a) ] (2.28)

K(f) = Zx(fk)nx(fk)’z (2.29)

A7 & FAL WAAFE YEUH, = 7HEHEHRZ 48 Z2AAN9
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AP TEANEL FHFAVE)-FH5] F43 JHES 4§ ge A
FHS A,

g ZRAME A= g FasdA $3ELY FRBAE o
ste exh-Fua Z2AMCH. dud Bl =AM Fig 249 2ol TE
APEL FAE) A A4 Fapre] ASWEE A28 super-vectors T8}

HH, p WA Azede pwA Fobeel tig AZHEE GHE x, (£, B

Al
XA ZGHE 2 F super-vectore TS o] R HETH
X, = [x,070); x,(H); 5 x,(fx) ] (2.30)

wrep yRel sAl7IE kel FukrE ARSI, jF JRe] Azl Ao
super-vectors  Kx )M NS 8AE ZINE FWEHIL Hv, o¥d AIEC
super-vectorE F3l FFEH FEAYHo] z 3

o AN g s e EAT o]

F
i

P(a) = Wia) R W(a) (2.31)
= 1 & H

K=~x 22X, X, (2.32)
W(a) = lw(f, a);wlfy, a); ; wfx, a)] (2.33)

= —

71X K= m 709 super-vectorg°l 93] FHEH %
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2y Fago MY BEAWMEE A48 54| super-vector©] o).
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Received Array Signal
l l No. 1 Freq. No. N Freq.
Replica data Replica data
No.1Freq. (. |No.N Freq. i
Data Data
R L k. N
Concatenate Covariance Matrix Concatenate Replica Vector
B Processor “+
Ambiguity Surface

Fig. 2.4 Coherent broadband MFP algorithm.
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Ak, olH@ Aol s AzwEe] dFe ADFFT PR G 94
Ak Gl Hol, A4 23ash 2 FHY B Fug AzWE z (5 % A2

super-vector X n% S F Utk

F (P 2= @1k Pyt P 1)

e e
d,(fy) = : (2.34)
e j (?’ m-nr— Pt Py, (M—1Dkn %,m)
ef(@Mk‘@lk""%,mn_%,lkﬂ)
X, = [ 2,05 2,055 5 %, ()] (2.35)
2l (234)9] 91 AtstE ASHEES 53l super-vectors T3t FEAH
YA FANA H6, HAAL 7 FoeoHe] BANHE JUAAE Fx
AA F7) s R WA a9 el A e FTeshE 4 (236))

MZ EANE T (f,; a) S B4 super-vector W(q)E 4& & Atk

ef(@u‘@lk)

w(fa) =| (2.36)

i (e -vr— @10

ej(@Mk‘@lk)

W(a) = Lwlf, @) wlh, @) —; wlf, a)] (2.37)

oA AsuEe B

d BAMEHE BASE Pelt
32 &FHsRdo] % BAMHE A2 2

o Ay B AZFT B 2]

H L
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Fig. 2.5 Genetic algorithm flow chart.
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HAE 94 EAe A3 A2 sE 78§ JdoH, HZFES(object

function)

rr

N 2
I dyl — 7| dclTZZ( m )|l (2.39)

Oo(m) =

| | obs

o7 22418 AAE HAE e RdWE g5 2 3 Aotk o 7)o

| d gl
y= —Gamll__ (2.40
|| dcal( m)” )
oM, || .|| < HWEHY L, = (norm), || HE] thE Adigio|th o] =g
g HAZ ste A2 A (correlation coefficient) & 7122 st ARG A

ol A& E 53 (ambiguity function)E HWE dt= AF} FAFSIH 7] A
m< =93 WWAHsER FA4E 29 WEela, 4, % d,< 44 w7
B5E AR AN ARE FAE HHSCIH & £9°] o #FH #HECl
w M AR, A S 22T MY FRez FAEgE oE
nxnox ng ME FRRED AL A5 99 A52A 2d HEHES AT 3

2 g (forward modeling)ell &3l AoA= HASZS dA=T
ke Y ARE AR & dud %5‘]%}?% Ad Z2AAe 388 FH
2 A (2418 2ol AHEHE Aol Aol sk 4 (2.39)00 mlus) HAHehas
° G

o] T8 (oscillating)E =Y F U= A
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|| dobs* dcal( m)||2
|| dobs||2|| dcal||2

d)(m)=\/1— (2.41)
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=
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(By, =, By—y) O1EF & Bl wwfd 7o) [1,N—1] 2FE 292 dE=7

T e
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depth for the first five EOF coefficients. (e) Correlation coefficients for the first

five EOF coefficients.
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Fig. 3.8 EOF and MFP results of the SSP mismatch in August. (a) The singular
values of the eigenvectors. (b) The EOF of the eigenvectors. (c) Estimated
source range for the first five EOF coefficients. (d) Estimated source depth for

the first five EOF coefficients. (e) Correlation coefficients for the first five EOF

coefficients.
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Table 3.1 Estimated source position and correlation coefficients for the SSP EOFs.

February August
EOFs |Averaged |Averaged| Averaged | Averaged | Averaged| Averaged
source source |corrleation| source | source |corrleation
range(km) | depth(m) |coefficients| range(km) | depth(m) |coefficients
1st 4.36 63 0.82 423 61.8 0.84
2nd 4.19 62.5 0.87 411 68.7 0.84
3rd 3.97 60.1 0.94 4.25 62.7 0.86
4th 4.0 60 0.98 4.04 58.2 0.88
5th 4.0 60 0.99 4.09 58.2 091
6th 4.0 60 0.99 3.99 59.9 0.96
7th 4.0 60 1.0 3.99 59.9 0.98
8th 4.0 60 1.0 4.0 60 1.0
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Fig. 3.9 Results of MFP for the SSP mismatch using the mean SSP in February.
(@) Ambiguity surface as function of standard deviation of the SSP and range
at true source depth for the 250Hz. (b) Ambiguity surface as function of
standard deviation of the SSP and depth at true source range for the 250Hz.
(c) Estimated source range. (d) Estimated source depth. (e) Correlation

coefficients.
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Fig. 3.11 Results of MFP for the water depth mismatch. (a) Ambiguity surface
as function of the water depth and range at true source depth for the 250Hz.
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range for the 250Hz. (c) Estimated source range. (d) Estimated source depth.

(e) Correlation coefficients.
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Fig. 3.13 Results of MFP for the bathymetry mismatch case I ( signal field :
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Fig. 3.14 Shallow water environment for the bathymetry case II.
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Fig. 3.15 Results of MFP for the bathymetry mismatch case II ( signal and
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Fig. 3.16 Results of MFP for the sediment thickness mismatch. (a) Ambiguity
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Fig. 3.18 Results of MFP for the mismatch of the sediment sound speed at
bottom. (a) Ambiguity surface as function of the sediment sound speed at
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_64_



S_e?i'ilsnent Attgnuaﬁon ?d%a‘).)

—e— 150Hz
—— 200Hz
—a— 250Hz

_g'e%imenl Attgnuaﬁon ((?B?).) !

(©)

Correlation Coefficient
o
o

20

40

Depth (m)

&0

&0

100

o9
o8
or
06
ns
04
03
02
01
Sed:mem Attenunuon ?d%’?\.) !
(b)

= 150Hz
—— 200Hz

—a— 250Hz

-0.5 o] 0.5
Sediment Attenuation (dB/A)

(d)

—e— 150Hz
—— 200Hz
—a— 250Hz

-0.5 0 0.5
Sediment Attenmation (dB/A)

©

Fig. 3.20 Results of MFP for the sediment attenuation mismatch. (a) Ambiguity
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Estimated source depth. (e) Correlation coefficients.
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Table 3.2 GA parameters with search bounds and estimates.

Search bound Estimate

Model parameter
Lower| True |Upper |February| August

source depth(m) 474 | 60 72.8 52.6 63.4
source range(km) 337 | 40 | 4.64 3.63 417
array depth(m) 13.7 | 20 26.4 16.5 24.8
array tilt(m) -6.3 | 0.0 6.4 0.1 1.7

SSP in water(0) -063 | 0.0 | 0.64 | -042 0.02
water depth(m) 93.7 | 100 | 106.4 | 94.6 102.8
sediment thickness(m) 311 | 50 69.2 53.9 69.2

sediment sound speed at top(m/sec) |1518.8| 1550 | 1582 | 1524 | 1550.5

sediment sound speed at bottom(m/sec)|1618.5| 1650 | 1682 | 1633.5 | 1618.5

sediment density(g/cm”) 1385 | 1.7 | 2.02 1.7 1.965
sediment attenuation(dB/A) 0.087 | 015 | 0.214 | 0.116 | 0.214
basement sound speed(m/sec) 1637 | 1700 | 1764 | 1751 1755
basement density(g/cm’) 1.37 | 2.0 | 2.64 1.58 2.37
basement attenuation(dB/\) 0137 | 02 |0.264 | 0.19 0.221
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Fig. 3.29 A posteriori probability distribution based on the one observation for
the general mismatch case using the mean SSP in February. (The solid line is

the true model.)
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the mean SSP in February.
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the mean SSP in August.
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sound speed at bottom and density, (e) sediment attenuation and basement
density, (f) basement sound speed and attenuation.
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eed and attenuation.
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iy TEAAE 243 ghe Z47F 1459.8m/secet 4.695m/sec & FF 01,

Table 4.1 Sensitivity coefficient for the 12 parameters.

Sensitivity coefficient

Parameter
February August
Array depth 0.8533 0.7797
Array tilt 0.9623 0.8569
Standard deviation in water SSP 0.4310 0.9222
Water depth 0.9133 0.9376
Sediment thickness 0.3787 0.3907
Sediment sound speed at top 0.4725 0.3831
Sediment sound speed at bottom 0.4646 0.3902
Sediment density 0.4024 0.4857
Sediment attenuation 0.5107 0.5137
Basement sound speed 0.4836 0.4382
Basement density 0.4299 0.4527
Basement attenuation 0.4454 0.4117
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Fig. 5.1 Bathymetry and ship track of East Sea Experiment.
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Fig. 5.2 The vertical array as deployed in a bottom moored configuration.
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Fig. 55 A schematic of the baseline ocean environment.

A sgele] &4 Ame= ATd AT ARE VI2E St TAMHL
2 F4d9 @& ARESIYSl] w99 A2 IAE WdeR SAH Aed
Adel A Ar= 270 AAHHSH AT Ve r FEHY GH] H
AFe 2 AFHo] EFE A0 E 105ecmol A 15m7AR ) FAE 74AH,
Fo BHS2 187molA 374me] FAE ztev & =ddA= Ag 5 @
s Aol wE ARATS VIR e FA= 300m, =52
1600m/sec, EE 1.6g/cm’, ZAASFE 015 dB/AZ FHE 7S A&
s ML T FAE AF9 552 2800m/sec, RE& 2.7g/cm3, 74 A
s 0.2dB/ro|th. Fig. 55 g4 712 RdS TAIS Aot

l

514 A 359 AHEZ I8 FEA

N
)
B
i
a1

& OHz9} 70Hz, 90HzE F Y AFAA S 43

T AT A Ed Fog P BaF W gE A8sel A2 dat
et 28R 74 BEd Fy5o A
| g&FS FA ") Fig. 5.6& Track-12] A3 E
Aolth, EAo] A18H AFE 19 A FAHE A58 A183)

e (time window)2 2 sec(6000 pts), FFT =7]

<
]

S

=

i

[-'ET

rn

-

=]

re

ok

Siis

¢ '

o

e

)

-4

S

o2
x K
Fz
e
o
N
k)
ol
rir
%
T
8
p
g

12.34 12:40 12.45 1250 12:54 13.00 2 1310

Time (HH:MM)

_94_



Fig. 5.6 Results of the spectrogram analysis.
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Fig. 5.7 Ambiguity surfaces for East Sea Experiment. (a) Incohorent broadband
MFP using baseline parameters. (b) Incoherent broadband MFP using GA mean
parameters. (c) Narrowband MFP using GA mean parameter at 90Hz. ( ® :

estimated source position )
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Fig. 5.8 Marginal a posteriori probability for each of the 14 model parameters

for East Sea Experiment.
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Table 5.1 GA parameter estimates

based on the 50 observations for East Sea

Experiment.
Parameter GA mean Parameter GA mean
Sediment sound speed at
Source range(km) 3.08 1575.58
top(m/sec)
Sediment sound speed at
Source depth(m) 27.07 1824.62
bottom(m/ sec)
A depth
ey aep 3.99 Sediment density(g/cm’) 1.92
error(m)
Array tilt(m) -2.46 Sediment attenuation(dB/\) 0.53
. Basement sound

SSP in water(0) -1.1 2613.06

speed(m/sec)

Water depth(m) 130.12 Basement density(g/cm”) 2.82

Sediment 25314 | B t attenustion(dB/A 1.09
thickness(m) . asement attenustion( ) .

Aitd wiANMS gEs AHEStY Fubarol dis) widwd Fug AHdA
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Table 5.2 GA parameter estimates based on the one observation at the 90Hz

for East Sea Experiment.

Parameter GA mean Parameter GA mean
Sediment sound speed at
Source range(km) 3.11 1658.3
top(m/sec)
Sediment sound speed at
Source depth(m) 26.2 1808.5
bottom(m/sec)
A depth
ey dep 2.6 Sediment density(g/cm?) 24
error(m)
Array tilt(m) -4.1 Sediment attenuation(dB/A\) 0.7
) Basement sound
SSP in water(0) -11 2307.2
speed(m/sec)
Water depth(m) 131.4 Basement density(g/ cm’) 3.3
Sediment 2927 | B t attenustion(dB/A) 0.7
. semen nustion .
thickness(m) asement attenustion(
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Fig. 511 Ambiguity surfaces of the system and water layer parameters for the
90Hz : (a) No mismatch, (b) Array depth mismatch, (c) Array tilt mismatch,
(d) Water SSP mismatch, and (e) Water depth mismatch. ( ® : Estimated

source position. )
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Fig. 512 Ambiguity surfaces of the sediment and basement layer parameters
for the 90Hz : (a) Mismatch of sediment sound speed at top, (b) Mismatch of
sediment sound speed at bottom, (c) Sediment density mismatch, (d) Sediment
attenuation mismatch, (e) Sediment thickness mismatch, and (f) basement

parameters mismatch. ( ® : Estimated source position. )
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Table 5.3 Results of estimation based on parameters mismatch for the 90Hz.
Source Source .
. Correlation
Parameter Mismatch range depth .
coefficient
(km) (m)
Array depth error +2.6m 2.25 40 0.786
Array tilt -41m 3.1 25 0.73
SSP in water depth -1.1a 29 25 0.753
Water depth +6.4m 211 22 0.767
Sediment thickness -7.3m 3.11 25 0.779
Sediment sound speed
+58.3m/ sec 2.99 26 0.734
at top
Sediment sound speed
+208.5m/ sec 3.11 25 0.78
at bottom
Sediment density +0.8g/cm’ 291 24 0.759
Sediment attenuation | +0.55dB/A 3.11 24 0.778
Basement sound
-492.8m/ sec 3.11 25 0.779
speed
Basement density +0.6g/cm’ 3.11 25 0.779
Basement attenuation +0.5dB/A 3.11 25 0.779
537 2tk $HHOE AF AESE] A9 1R B4 ARG vastel &5
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