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Underwater Wideband Source Localization
Using the Interference Pattern Matching

by
Chun, Seung Yong

Department of Radio Communication and Engineering

Graduate School of Korea Maritime University

Abstract

The localization of acoustic source in a shallowtevais an important
problem in a passive sonar system. For severalddecait has been considered
many times over the past years and in order to augrthe performance many
attempts has been achieved.

In order to localize the source in passive sonatesy, several methods for a
long range source can be categorized into two plE& one is based on the
curved-wave-front beamforming, which issued in amay of sonar system. It can
not estimate with accuracy because it is not cemsithulti-path effects in an
ocean waveguide. The other is based on the waweguihariant theory which is

recently introduced and researched various areas.



The waveguide invariant theory provides a descriptf the broadband
interference pattern on the ocean. The invariamarpater calleds which is the
slope of the interference pattern is useful forcdesg the acoustic interference
pattern in a waveguide. The range of a source smanetimes also be estimated
by the much simpler waveguide invariant method. By the waveguide
invariant method requires knowledge of certain &nant’ parameter, which
unfortunately often vary significantly with oceaonusd speed structure.

Recently many methods are proposed using the walegdavariant theory in
passive application and showed the enhanced pefaenin various area such as
MFP based on acoustic propagation model in mutti-genvironment and a source
ranging. But they are still dependent on tige and affect by ocean environment
mismatch. So it is necessary to localize the soutwd independent of thes
without the ocean environment information.

In this thesis, a source localization using twosses in an ocean waveguide
is proposed. The principle employed for a sourceallpation is based on the
IPM(Interference Pattern Matching) algorithm, whiclses the unigue characteristic
of the ocean waveguide.

The interference pattern which seen in the senpectsogram collected from
the moving ship-radiated noise arises from the waluinoterference between modes

reflected by the surface and the bottom. The ieterfce pattern is directly



proportional to the source position by the waveguimhvariant theory. If two
sensors are used to a source localization in ickntiacoustic propagation
environment, the 2 has identically effect on the each sensor. Becaiisés
possible to detect the target without regard fér The proposed IPM algorithm
estimates the ratio of each interference patteomfitwo spectrograms. Therefore
the interference pattern ratio between two sens®rghe source range ratio. The
proposed algorithm requires no knowledge of the anceenvironment and
independents of the3, although thes varies on the ocean.

Finally, the source localization calculates simphe intersection point of two
equations which utilized the Appolonius's circle damhe time difference. The
Appolonius's circle which defined as the locus ofp@int whose distance from a
fixed point is derived the result from the IPM mmdhand estimates the locus of
a source using the circle equation. The time difiee is derived the TDOA(Time
Difference of Arrival) method and estimates the uwcof a source using a
hyperbolic equation.

We performed simulation of 3 scenarios to test tifeM algorithm and
localization method proposed in this paper, andn tipeacticed error analysis of
the results. And finally we tested performance ofreal-data collected during
MAPLE-05 experiment applied to the proposed algarnit In simulation result, the

IPM algorithm seemed to have excellent performamt®mse mean error is within



5%, also the localization performance has simildrose mean error within 10%.
In the experimental result, proposed algorithm igere available in real ocean
because the estimated position of target showsrserod within 10% which is
similar to simulation results.

The suggested method can be applied to adapt isutfic to the field of

active sonar and passive sonar using the propdrtyraadband signal.
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Waveguide invariant
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Figure 2-1. A modeled intensity as a functiohfrequency and range

for a single receiver in the Pekeris waveguid

_18_



intensity(depth : 50m)

e e e =
i) o i i) @
[as] o R F (]

]
=
[=]

=

5 \

3 | I

Z 502 \ | . \
504 | | \ \
505 “ | I
508 ‘

(@)

TL(depth : 50m)

20 T T T

i -A
P bl Rl 2
= ! |IK’:H%:E:?"& ”I'Fl‘lr |r it Ir;a:ﬁl ”%f' Mﬁ/ f, f’}['r‘f
= R ',‘4 R ! »..uu |(' H, ‘
B e U J f
e AR f \.'.”‘"" 'u‘,(“,u f‘{(] f’" I},;
1 W "_I.‘||‘ iy d i
| F’;[? 0 |:: i f‘ ’J f’ f'ﬁ
| !
120 l
140 | | | | | | | | |
0 100 200 300 400 500 600 700 aoo 00 1000

Fange(0.01km)

(b)

-30

-40

50

B0

=70

-B0

80

Figure 2-2. A modeled intensity and TL curve the Pekeris waveguide.

(C=1500m/s, D=50m). (a) intensity (b) TL.

_14_



intensity(depth : 50m)

! -30

| 4 0
i T 70
| q -0

” -0

| | | -100

(@)

TL(depth : 50m)

fr.[ M r;r\M ,,’Nf Jq ‘\‘ Ay oy A
R i
o A a'»;pa%?-"!‘* Ly M'\ ﬁ@%%ﬁ%@%@@%%‘
,”i h ' l T il Y j rl iy o ||:' A

- wrﬁur}i‘fr**»’?ﬁ,é‘@::; %@ﬂ@%‘ﬁﬁﬁﬁﬂ%%@ Vﬂﬁ}’ﬂﬁ@g@ﬁp
i Ir { A 4

n i mg”‘ *‘rﬂflﬂ}['ﬂ‘ﬂi "‘\ff";qﬁ(.'m,ﬁ l}" ?#”',"‘W‘q

160 1 1 1 1 1 1 I 1 I
0 100 200 300 400 a00 600 700 a0o 900 1000

Fange(0.01km)

(b)
Figure 2-3. A modeled intensity and TL curvetire Pekeris waveguide.

(C1=1450m/s, C2=1500m/s, D=50m). (a) intengky TL.

_15_



intensity(depth : 30m)

frequency(Hz)

i
B
L=

E8888

frequency(Hz)

''''''
T

frequency( H_z_)
AEEE

40
&0
100

Figure 2-4. A modeled intensity in the Pekeris vwgde(30m, 50m, 70m).

_16_



a9 2-204 2" 2-49] AlEE ol AdolM Tevie F4, FAE

rfo

T, Ag S wet ®go

|

G. L. D'Spain} W. A. Kupermar®> San Diegell 4] =73+ SWellEx-32] 3
AP ARE olgstgon, 1Y 250 Yehd AXY "at ~ 'Y 7 2o
el 7127 EAS EAEQTH17]. 18 2-62 "a' EY 3} "bUo g 7%

7l B4 AWE sMEzay Avln, 29 27¢ 72 Edd et Azt

S. W. Lee} N. C. Makris= 20033 Main Acoustic Clutter Experimeg} 3
BARAM F1e71t RHG AH FHS 5k Aol Azl wE sE =

A3ATH19]. 1% 2-82 <F 243 Afele] XBTE &3 =4

rit
ol
rlo
!
filo
o

g3tel ANE 7e7E BE

4

ol Mgt el 2dolw, 1A HE )

O

s} Zol 7le7le Az

2

et HwstE des & F Atk
w3 D. Rouseff} R. C. Spindef HajolAl 7]&719 e 47 F417]
el Zol, A, WgFE, A WAL Agd wEt 4 goew {FAEHA

23e F24 A Bl AR FlsgrH34]

_17_



Figure 2-5. A plane view of the SWellExeXperiment.

(J.A.S.A., vol. 106, No.5, Nov 1999)
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Figure 2-6. Ten-minute single-element pressure tapacover the 70-170Hz

band. (J.A.S.A., vol. 106, No.5, Nov 1999)
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Figure 2-9. LOFARGRAM and image cleaniresult.
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Figure 3-1. The Concept of waveguideaitant Characteristics

from a target to two sensors.
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Figure 3-2. Characteristics of the freicy and range
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Figure 3-11. A cross point between circlal dryperbolic curve.
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Figure 4-2. Three cases of souregedtory.
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Figure 4-11. Distances from source to sens@nd sensor 2 (case 2).
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Figure 4-12. Spectrograms of sensors (casda2)sensor 1 (b) sensor 2.
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Figure 4-19. Distances from source to sens@nd sensor 2 (case 3).
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Figure 4-20. Spectrograms of sensors (cas€ga})sensor 1 (b) sensor 2.
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Figure 4-23. An estimation error rate of sourceitims (case 3).

Table 4-1. Analysis results of simulation for 3 eas
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Table 4-2. Error analysis for the range ratio befweource and sensors

o A | | A dE g | A5 qx F4
h HE 93 | BAE LAL(%)| HALA(M) BT AL (%)

1-~2 0.0212 1.1637 130.69 4.88

2 ~ 3 0.1850 7.53 285.67 9.96

3~4 0.3727 10.90 240.99 8.95
4 ~5 0.4409 10.07 167.35 7.32
5~6 0.3229 5.94 77.72 3.64
6~ 7 0.2309 3.63 39.92 2.02
7~ 8 0.4600 5.99 52.54 2.48
8~9 0.3200 3.7 28.99 1.42
9 ~10 0.6436 6.61 42.71 2.04
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Table 4-3. Error analysis results of the localiati

T8 ANFH AFoAmM) | 9 24 BE AL %)
4 43 41.00 7.3259

Table 4-4. Sample analysis results for the locatimaerror
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