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Localization of Multiple Moving Targets
Based on Matched Field Processing

by
Park, Joung Soo

Department of Ocean Development Engineering

Graduate School of Korea Maritime University

Abstract

Detection and localization of targets in shallow teva environments is a
challenging problem for which it is well known thalane-wave beamforming is
inadequate because channel-specific acoustic mthitids not account for. By
contrast, matched field processing (MFP) accoupts doherent acoustic multipath
in shallow water by employing a propagation model tonstruct appropriate
steering (or "replica”) vectors, thus providing ioml array gain and localization
accuracy. Conventional (nonadaptive) matched figldcessing tends to suffer from
beampatterns with high sidelobes, which can obsepi¢ée target detection in the
presence of strong interferers. Adaptive matchedd fiprocessing (AMFP) reduces

interferer sidelobes by computing data dependentighwe vectors based on



cross-spectral density matrix (CSDM) inversion. ARIFEan provide the ability to
null an interferer, particularly when an array haertical aperture that allows
discrimination of surface and submerged sources.

It is well known, however, that AMFP performance gadmles quickly in
less-than-ideal conditions, for several reasons Tost important limitation is that
precise information on the underwater channel isiegdly not available. The
mismatch between the computed and actual arrayrirgjeevectors can result in
loss of array gain and significant target selfimgll The second factor is the
motion of the target and the interferer which idtroes additional signal loss,
smearing of target peaks, and consumption of adapglegrees of freedom. Target
motion spreads target energy across several bessdscing output signal power
and resulting in poor weak target detection.

Several ways to discriminate a weak target andngtrimterferers are to apply
null-broadening, dominant mode rejection, orthodgonaojection, and matrix
filtering which allows robust adaptiveness. Sevesays to mitigate motion are to
apply rank reduction over shot observation and ieitpinotion compensation over
long observation.

This thesis presents two algorithms of spatial riatence filtering and motion
compensation based on waveguide invariance to wepthe performance of target

discrimination and target tracking.



Spatial interference filtering to discriminate arget from a close strong
interferer is based on multiple constraint methddCM). Null constraint at the
interferer location which is observed from ambiguisurface is added to the
conventional MCM algorithm. MCM with additional rulconstraint forces the
interferer energy to be filtered from CSDM. Thisasal interference filtering have
the effect on sidelobe reduction and recoveringsighal gain of a weak target.

Motion compensation based on waveguide invarianplois the waveguide
invariant theory for the purpose of making CSDM which interferer motion is
compensated. The former motion compensation algorihave employeda priori
information on interferer motion and estimated CS[AYl long observation. New
motion compensation algorithm easily estimates reter motion from steered
beam processing. To improve signal-to-backgrourdiasise ratio (SBNR), time
division technique is applied for real ocean enwinent.

The performance of proposed algorithms is verifiemm numerical simulations
in Pekeris waveguide and the data collected duritg SWellEx-96 sea

experiment.
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Depth (m)

Figure 2.1 Bartlett ambiguity surface for a souate3000 m in range and 40 m

in depth using a 17 element vertical array.
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Table 3.1 Processing data parameters for CSDM attim

Parameter Symbol (units) Value
Sampling rate fs (Hz) 1,500
FFT length nfft (samples) 8,192
Snapshot duration T (sec) 5.46
FFT bandwidth
(Kaiser-Bessel a=2.5) R 09
No. of snapshots/frame N 22
Frame duration T (sec) 62.79
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speed profiles and geoacoustic parameters.
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Figure 4.2 Estimations of frequency change rate dosingle target. (a) Eigenvalue

method based on data. (b) Steered beam processing.
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Figure 4.3 Estimations of frequency change rate tfwo targets. (a) Eigenvalue
method based on data. (b) Steered beam processintheo target (0.2 Hz). (c)

Steered beam processing on the interferer (0.7 Hz).

_65_



SBP for Interferer

SNR (dB)

(©)

pOOOO0OO0OO000 000000 ©O

0 02 0.4 06 08 1
FCR (Hz)

Figure 4.3 (Continued).
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Figure 4.4 Estimations of frequency change rate tfwo targets. (a) Eigenvalue
method based on data. (b) Steered beam processintheo target (0.2 Hz). (c)

Steered beam processing on the interferer (0.7 Hz).
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Figure 4.6 WNGC output for two targets. (a) No manticompensation. (b) After

motion compensation.
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Figure 4.11 Surface ship track. (a) Bartlett outgb) WNGC output.

_79_



1

el
Nm

22|

Aol FAl =

o 279 ®

A}

bol 4

o

_—

X

H
A4r

T—

il
il

ol
N
e
po
.
o)
4r
™

™
o
oo

"I

i

—_—

</

—

iy
iz

o

0

ol

o

st

1o] CSDMolH =

S

_zH

A B

°

7

=
L

Aol Falol

-
it

7 ¢

=
T

=

<

A
pa

48

3

7

=
T

A4r

®"
B

o=

9

A2 of

L
.

a9 412

30 7l, SIRS -6

T

P
T

q

g

\

R

o

571

/Kg—o‘

1

0.
H

dB, WNG= -3 dBelth. 18 4.12 (akE

2o 18 Ho] 3.5 kmelA]

-
it

42

A

U\

]

T
o

o)
"
B
g
N

,ﬂl
"
B

22!

4.12

2
)=

AZ7F 23 BE71A

sl 1

S

1%
%) <)

6 kmzt= W= A

-

T

25 o

ok

°] WNGC 4 7}ojH,

3hof

<
T

ulr
=
o]

=
A5, ozt

3.5 kel A

Z+ &

i
e
ojp
“d
™

BIN

pest 44 2

RLN

of o]FH=Z9

=]
e

_80_

HolEd.



(@)

.|

18 20 22 24 26 28
Time (min)

WNGC

Range (km

(b)

618 20 22 24 26
Time (min)

Figure 4.12 MFP output with frequency change rat® 6iz. (a) Bartlett. (b)

WNGC.

_81_



N of o N
W o I -
] g %o o =y o _
% = S 20 S —
r o = g A
AN I T2 ST fx3
GRS ol T g3 o 4= AR o it s 0 T .
; X W il do B jp oo : ~ B T T
v oF A o T o _ ! =) <t = o 83
~X 0 X i oF ~X ZT ‘_lry! X jalig @M 1:0
= s @ > N+ ) s o &
o o . N ofu e fNU i T m ~
% s & @ ) L wOPw
o) X0 o 1:.._ g o OE o ™ O# - To " <
fa l ol ~ 2 Ho - - = _ni To°
T B X CNE ) g = X = 2 7 s
g@gw_Hz_ﬁiﬁmm ﬂo%qmﬂﬁwa
WLH N~ Wra o N _ o - ” T o ° = m Zo W Mu 1
- Tk F S S =R oE B R, o)
T T g B w o oo I X0 B I w0 N
T . ¥ 4 T I R o & T = oo T
i M w Eis o 7 B mm T o BN W o)) D) = &
Gl & N I j S o o o o £ x
i Lo m W o B e T w3 < T 5
T oe BN = N R o & L o ny 2
K ,_l ~ ‘ﬂl ; En_ v Ou_o ~ ~, X X E..# 0
HA TA X =] - ey e X ,AIWM <0 o X R %
™R x° ) N R op M e\ Lo | o R Wood o)
BN fou T o B B N 7 %8 R wm X I
¢ © o o RN LE P S woN )
63 o) 1;% TN T N W+ ﬂau : do G o R w B
T 0 — T =
. g w 5o o i I ¥ SIS +
I ) SO @ o< op K E "
@Eﬂmmy@i;_, cﬂ;offwsj
SEEREE RS EEEEEEER
— e
TR w ﬁu frse H w 3 T ] B Y W ,Ul M o _ 1@1 X -
1 Z‘._ Jﬂ .ml ! =3 ‘_lr\.ﬂ —~ B ,ﬂl B o ﬁl . ) MMO Wﬂ o
e - rOE g B od W o o X %
EOR ToTow o2 o ° x5 & - 5o
w ow oMo 5 ¥ 5 o= 7 ) W
< n H oo g = p g ° o
Q M o s T no 9 T =
oW H 8 g = ¥ & )
a % L0 N ‘mv_l N ‘M_.o
o A Mo Mlﬂ T 10°
]

- 82 -



¥ 4169 19 4172 298 4130 YEd A

to] CSDMES #4351

4g3

=

o}

z5

24 SBNRe] 7jA a1, o]F 4=z

Ay E

itk webA &

<
T

,A.H__.o

X
el

o
oy
7

A
3
N

ol

ol

]

_88_



SBP far Target

- e

22 24
SBP for Interferer

22 24
Time (min)

Figure 4.13 Steered beam processing outputs at téinget position and the

interferer position.
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Figure 4.14 MFP output after motion compensatiothwinean frequency change

rate 0.2 Hz for the target. (a) Bartlett. (b) WNGC.
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Figure 4.15 MFP output after motion compensationhwinean frequency change

rate 0.5 Hz for the interferer. (a) Bartlett. (b)N®C.
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Figure 4.16 MFP output after motion compensatiothwirequency change rate at

each time for the target. (a) Bartlett. (b) WNGC.
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Figure 4.17 MFP output after motion compensatiorthwavery frequency change

rate at each time for the interferer. (a) Bartl¢t) WNGC.
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Figure 4.18 Modeled intensity as a function of freacy and range for a single

receiver using the temperature profile measure@®WellEx-96 experimental site.
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Figure 4.19 Measured intensity as a function ofjiency and range for a single

receiver in SWellEx-96 experimental site.
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Bartlett TD-WIMC for Target
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Figure 4.20 MFP output after time division motioangpensation for the target.

(a) Bartlett. (b) WNGC.
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Figure 4.21 MFP output after time division motioangensation for the interferer.

(a) Bartlett. (b) WNGC.
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