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Abstract- The aim of this paper is to propose a method of - proadband source S located @R_,Z.) in a classical
source localization using a single hydrophone in shallow . . . .
water. To perform this localization, modes are first filtered Pekeris waveguide (made of o isovelocity layetsy:
in the time-frequency plane and then used in two different  received acoustic field on the hydrophohd (0,2, ) is
Matched Mode Processors: Incoherent and Coherent  expressed, in the frequency domain, by:

broadband processors. Results on simulated data are

presented Y (R 2.V, Z4) =
Keywords: source localization , shallow water, modal filtering, M
Matched Mode Processing. Z Xreal (Fg, ZS,V,Zh ,m)
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I, INTRODUCTION: where X, (Ry,Z,,V,Z,,,m)is the mode m recorded

o i i _at frequencyV on the hydrophone (at depi#, ). It can be
Source localization using a single hydrophone is a

challenging task. The first method has been prapdse expressed by:
Frazer et al.[1] but was very sensitive to the emnent
knowledge. Then, Kuperman et al. [2] proposed &, (R,ZsV,Z,,m)=BSW )y, Z VW, &, V)
localization method based on spectrogram in deejgrwa i (v
environments. More recently, Jesus et al. [3] dgpved a Chs )RS/\I krm(V)Rs
method based on ray theory in the low frequencyaom
(300-800 Hz). with B a constant andS(V) the source spectrum at the
As we focus on low frequency waves (1-100 Hz) i .
shallow water environments, none of these methadsde Qrequencyv. Yn(Zsv)and ¢, (Z,,v) are respectively
used. In our case, propagation is modeled by moelery the mode amplitudes at the source and receivehsleptd
and this propagation has to be taken into accoant K _(V)is the horizontal wavenumber. By looking at this
localize the source. Consequently we propose sghper
two Matched Mode Processing methods based on mo
filtering in the time-frequency plane to localiza Bitra (range and depth) is contained is the mode m. Aesialt,
Low Frequency source in depth and range using glesin these modes will be used to localize the source.
hydrophone.
After a short presentation of propagation and mod&) Modal Filtering
filtering, we present the two processors that weetiped:
Incoherent and Coherent broadband Matched Mode The first step of the method consists in filteritng
Processors (MMP) on a single hydrophone. The psaess modes X,., that will be used in the Matched Mode
are applied on simulated data.

gxpression ofX,., . we can note that the source location

Processing (MMP). This step is done using a time-
frequency representation (t-f) adapted to guided
propagation in underwater acoustics which is inlykrt
[3]. We must note that the t-f transform can beduse
filter modes only if the time length of the souiseshort
compared to the differences between mode arrivaddi

. After this step, the diff t d
Considering a Ultra Low Frequency source (1-100 Hzges;raterz/ step, one can access fthe difierent modes

in a shallow water environment allows the use afad
mode theory to model the propagation. In this césea

II. MODAL FILTERING AND MATCHED
MODE PROCESSING

A) Modal Propagation



C) Matched Mode Processing (MMP)

each frequencyvy and then concatenate them. As an
example, for the real data, the column super-ve(df)

Once modes have been filtered, they are used in tise

processors.

hydrophone: a signal recorded on a hydrophonepiaced
by a mode.

Incoherent Matched Mode Processing: We first build the
data vectors X, (R,Z.,V) and the replica

vectorsP,,, (I, Z,VV) (which are column vectors), at eac

frequency, in the following way:

Xrea] (&’ZS’V'Zh ’M)
X (R.ZV)=
Xrea] (&’ZS’V'Zh ’rnM )

Pdnu(r’Z1V7Zh’n1)
Pim(r,zv)=

P (r 2V, Z,,m,)
where r and z denotes the possible locations ofdlece

for the replica vectors. Each vector containstadl tnodes
recorded on the single hydrophone at a given frecyue .

h

We adapt works from Matched Field
Processing to Matched Mode Processing using aesing!

XNreal (Rsizs’vl)

Koy (R1Z4) =
><Nreal (RS'ZS’VF)

If this super-vector is used in the localizationgessor,
the results will not be satisfactory due to thersewphase.
To avoid this problem, the real data are scaleéaah
frequency so that they have zero phase on the most
energetic mode. This scaling will be indicated gsthe
subscript PC for Phase Compensated.

To do so, we first choose, for each frequency, the
reference mode. Then, each vectqr . (R,,Z,,V) is

multiplied by an exponential function containingeth
opposite of the reference mode phase and thesersese
concatenated leading to the vectqr (R.,Z,)- This

SV N PC real
multiplication is also performed on the simulatedtad
(with the reference mode taken from the real dstadhat
the processor compares equivalent quantities @nréal
and replica data).
This phase compensation, adapted from the propositi

Then, the classical Bartlett processor, for a givedf Michalopoulou [5], is a crucial step of the pessing. It

frequency V, is built:

B

Incoherent

P

simu

(r,z,v) =

H(r,z,v)xreaJ (RS’ZS’V)XreaJH (RS,ZS,V)EW r.zyv)
2

Pm(r,z,v)

si

2
[airaan

where H is the conjugate transpose operator.

As the source is broadband, it is possible to cambi

the information given by each frequency to imprakie
source localization. This combination is made hbye
summing the contribution of each frequency to abtam
incoherent processor. This incoherence is due eofaht
that the processor does not cross the frequencids

processor. Mathematically, localization is perfodmiey
maximizing the following function :

(IiS,ZAS) = Arg maxz =N (G 27)

(r,2) vy,

Coherent Matched Mode Processing: The aim of this
processor is to process frequencies coherentlyT@]do
so, as proposed in [5], a normalized super-vectdyuilt
for the real data and for each simulation. Forrtéed data
(resp. the simulation data), we first build the malized

vectors X e (R, Z,V) (resp. B4, (1, Z,V) ) for

allows the localization of a source without having
information on its spectrum: on the real data,fghase of
the source spectrum, which is the same for alhibdes at

a given frequency disappears thanks to the muléiptn
by the exponential function. Then, the correlasor i

BCoherent(r'Z) = PstPCs‘n‘uH (r'Z)XS\/NPCreaI (RS’ZS)

* xS/NPCreaJH(&' Zs) PS/NPCS'nu(r’ Z)

And the source location is estimated by maximizhnmy
previous correlator:

(ﬁs’ 25) = Ar(g r?ax BCoherent (r !Z)

a
consequently that the mode phases disappear in th

eContrary to the Incoherent processor, this Coherent
processor crosses the frequencies and uses the mode
phases (without the influence of the source phase)
localize the source.

[Il. APPLICATION ON SIMULATED DATA

This section will show the results obtained on
simulated data. We first give the results obtaified a
single realization of the noise, for different Sigjio Noise
Ratio (SNR), and then present the method perforesanc
with a statistical study of the localization.

We simulate a Pekeris waveguide of 130 m depth with
a water velocity of 1520 m/s and and bottom vejooit



1875 m/s. The source is an unknown impulsive sourdecalization is performed. Figure 2 and 3 show riggults
(frequency band: 1-70 Hz) located aj=B000 m. The respectively for a SNR of 0 dB and -7.5 dB. In bo#ises
source depth isZ40 m in the first part and iss=220 m for  the localization is achieved and results are betérg the

the statistical study. Coherent MMP than using the Incoherent MMP (smaller

Modes are filtered using the time frequencyidth, higher ratio ML-SL).
representation adapted to guided waves. We use fingt ' ‘ ; i i
modes to perform the localization. The spatial daigpf  _ | - n &
the source location to build the replica fieldsld m in
range and 1 m in depth.

To estimate the processor performances, we defioe t =« - 1 ..
criteria: the width of the main lobe of the ambigui  =p | ] : : . ! : ; : i
surface (at 75%) and the ratio between the mainalidl 0 Tosaeem 0 T T
secondary SL lobes (defined by 10 log1l0 (ML/SL)isTh
last criterion is equal to infinity in the best eaand to O in .
the worst (when the main and secondary lobes hawe 1=
same amplitude).

We can also note that all the ambiguity planes ais
normalized to have their maximum equal to 1 and a*
plotted with a scale between 0 and 1 (so that therloar ; !
does not depend of the size of the ambiguity plafibjs ST T osacem

normalization allows us to compare the ambiguigngk. (b)
Fig. 2. Ambiguity planes for source localizatiom &SNR of 0 dB using
Incoherent (a) and Coherent (b) Matched Mode Psitgs
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A) Results on a particular case

We first show the results without noise. Ambiguity F 7 ‘ - '
planes for Incoherent and Coherent processors &_ = 4-] g- - e
presented on figure 1 and criteria are summarizekable _ \ &

A

Frofandeur (m)

1. We can see that in both cases the localization ..
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Fig. 3. Ambiguity planes for source localizatiom 8\R of -7.5 dB
using Incoherent (a) and Coherent (b) Matched Mrdeessing
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SNR Method Ratio Vertical Horizontal
ML-SL width width
- ! Incoherent | 1.31dB 18 m 150 m
il =1 -1 & Dim:nce :m] 120 140 160 160 200 0 dB MMP
o) Coherent 2.03dB 15m 110 m
Fig. 1. Ambiguity planes for source localizatiorthvaut noise using MMP
Incoherent (a) and Coherent (b) Matched Mode Psitgs Incoherent | 0.83 dB 23m 170m
-7.5dB MMP
Coherent 0.88 dB 18 m 130m
Method Ratio Vertical width Horizontal . MMP _
ML-SL width Table 2. Ratio ML-SL and lobe width for the Incotrer and Coherent
Incoherent 1.42 dB 16 m 140 m MMP for a SNR of 0 dB and -7.5 dB.
MMP
Coherent 1.86 dB 15m 120m B) Statistical results
MMP

Table 1. Ratio ML-SL and lobe width for the Incobrer and Coherent

MMP without hoise To study the possible superiority of one of thehrodt

on the other we make a statistical study of thalleation

Then a Gaussian white noise is added on the data afﬁ o .
ocalization results are studied.

sults. 500 realizations of the noise are used and



As we have seen before, without noise, the locitiza

is perfectly achieved. Consequently, we show ttsulte
for the two previous SNR: 0 dB and -7.5 dB.

For a SNR of 0 dB, figure 4 shows the histograrthef
depth localization for the two processors (Incohelnd

widths with Coherent MMP are smaller and the riio-

SL higher, the localization itself shows more esrgks a
result, Coherent MMP should only be used for dath &
high SNR whereas Incoherent MMP can be used even if
the SNR is low. Looking at the width of the maibéowith

Coherent MMP) and figure 5 shows the histogramhef t Coherent MMP we can note that this MMP maybe be

range localization for the two processors. Figuran@ 7
show the same results than figures 4 and 5 for R 8\
7.5dB.
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Fig. 4. Histogram of the depth localization for/dRSof O dB using
Incoherent (a) and Coherent (b) Matched Mode Psirngs
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Fig. 5. Histogram of the range localization forRSof 0 dB using
Incoherent (a) and Coherent (b) Matched Mode Psirngs
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Fig. 6. Histogram of the depth localization fordRSof -7.5 dB using
Incoherent (a) and Coherent (b) Matched Mode Psings

useful to separate sources in a given medium. &utive
to be done to show the feasibility of this multiple
localization.
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Fig. 7. Histogram of the range localization fordRSof 7.5 dB using
Incoherent (a) and Coherent (b) Matched Mode Psings

IV. CONCLUSIONS

We propose two Matched Mode Processors to localize
a source in shallow water environments using aleing
hydrophone. We show that the Coherent Processowvsll
a more accurate localization as well as a reduatiotine
side lodes in the case of a high SNR. When the SNR
decreases, the Incoherent Processor shows bestdisre
and is able to localize the source with less error.
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Contrary to expectations from the previous study

(section IIl.A.), the results using Coherent MMR d&ss
satisfactory than the ones using Incoherent MMPi$Z

equal to 20 m and o 5000 m). Indeed, even if the



