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ABSTRACT distance, pressure signals (resulting from an impulsecgjur

. . .break up into modes. It is the consequence of a dispersive
This study proposes a matched time-frequency representati L : .
ropagation in the waveguide. Geoacoustic parameters-(num

construction methodology_based on physma! mod_el O.f pr_op%er of layers, depths, propagation velocities, densiagsp-
gation on underwater environment. The main objective is tg

filter propagation modes in the time-frequency plane. Ogtim ciated with the modes theory establish relationship betwee

representations are then built and test on real datasewfor t the group vel_ocny and frequency for each whole m@_;de
; . In addition, with the knowledge of the source-sensor distan
classical waveguide model.

R, the distribution of energy by mode in the time-frequency
plane can be deduced [3]. This energy follows for each mode
1. INTRODUCTION a non linear curve,,, = u.,(7) connecting the frequenay
to the time delay.
Recent progress on time-frequency representation (TFR) The objective is to build matched TFR to the propagated

are due to developments of matched methods to processed sjgnals in a waveguide starting froarpriori known theoreti-
gnals. The Matching Pursuit Algorithm developed by S. Mal-c3| curves. These TER must :

lat et al. [1] finds the fittest linear decomposition base for a. separate the modes in the time-frequency plane,
given signal by successive iterations. The atoms dictynar. pe inversible for mode filtering.

is complete when the family covers all the space from which
the signal results, it then constitutes the smallest magtadi
time-frequency base of the signal. More recently Papandreo
Suppappol&t al.[2] using Matching Pursuit Algorithm pro-

pose an extended dicitionary to integrate inhomogenous n?ﬂinciple (Heisenberg-Gaborinequality) which preveryise
linear time-frequency structures. We focus here on pressulise |ocalization simultaneously in time and frequencyisTh
signal of propagation in shallow water. This type of sigmal i |iiation causes an inevitable spreading out of the spéctr
composed by non-linear time-frequency modal structure. Thgjgment in time around the theoretical curves. The spectro-
objective is to separate these strucures to make a mode f”t%'mporal structures for the various curves overlap eveh wit

fing in the time_-frequency pIane: We ‘?'e"e'op here_ an Orlgin_asuper-resolvent methods such as the Lagunas Represantatio
TFR construction methodology in which the TFR is superV|-[4]

sed bya priori knowledges (not in an adaptive way) resulting

from the physics of propagation for Underwater Acoustics.
We first present the general formalism of matched TFR ap-
plicable to the signals propagated in a waveguide. We build

then TFR matched to the perfect waveguide (waveguide wi- ec\tlgfi Eretsheen\tNr;\e/;e Sig;it:gﬂgw?gea;i; c;]r:?jlt_ﬁ:ns E:%r?gtrrjs:
thout loss) and to the Pekeris waveguide which describe botf y vey X . .
ion. We are starting from the dispersion relation for a mode

the wave propagation on Ultra Low frequency in Underwate

Acoustics. We expose real signals processing examples. W U (7). V\_/hatever_the guide configuration (s_everal_layers,
finally show a mode filtering example with a watershed algo-(‘:]rad'e.nt velocitiy...), this relation can be estgphshﬁeﬂro-
fithm. pagation parameters (layers, heights, velocities and R) ar

known.

3. TIME-FREQUENCY PROBLEM

Any TFR is subjected to the time-frequency uncertainty

4. GENERAL METHODOLOGY

2. CONTEXT AND OBJECTIVE 4.1. Principlesof construction

In Underwater Acoustics, a small depth oceanic medium We apply here an "atomic” TFR construction methodo-
is modelised by a waveguide. Starting from a sufficientlgéar logy consisting in projecting the signal on an atoms dicign
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Fig. 1. Paving of time-frequency plane by projection atoms
for STFT & proposed matched method Fig. 2. Theoretical layouts for modal curves for R=3500m
(with North Sea survey configuration)

which is paving the time-frequency plane. Classicallynzgo

are built starting from a Gaussian winddw¢) by transla-  corresponds.

tion around timer, frequential modulatior§(¢) and possi- - Univocity of them = v(v, ) relation. Indeed, to a time-

bly weighting so that the representation be inversible (as wfrequency point only one curve of projection should corres-

will see it thereafter). Atoms thus obey the following geader pond. In the contrary case, the atoms dictionary would give

equation : place to several overlaped pavings on the time-frequerayepl
and that would mean that modal curves are likely to cross in

hore(t) = ho(t)e?$® (1)  the time-frequency plane.
Lastly, to be inversible, atoms of TFR must constitute a
base (and not a frame) and thus respect the "closing” condi-
tion defined in [5] :

with 7 € Dy the time domain of signal and € R because
physic of propagation says that the signal is limited in thge
the arrival time and the cuting time. The originality is tarst
from the physic of propagation in projecting the signal o& th .
theoretical curves of modes,,, = u,, (7). With this purpose / / hry ()RS, (t") dr dv = §(t —t') (4)
and in order to adapt as well as possible to the signal, we R /Dy

project it on atoms having the theoretical modes instamiasie This relation must be valid on the spectro-temporal domfin o
phasep,, (t). The instantaneous frequency is the derivative othe signal. Application of this condition involves the diea

the instantaneous phase (phase is thys(t) = 27 [ v,dt).  ofabasgh, ,(t);7 € Dy et v € R} as well as a redefinition
Projection on atoms of modulatidiit) = ¢.,(t) gives: of the basic projection window, (¢) which is not necessarily
anymore a delayed version of basic windb).

Wi(rm) = [ ahs Qe (6n(0) &t @
. . 5. TFR MATCHED TO WELL KNOWN MODELS
To pass from the time-mode plane to the time-frequency one

we substituten by m’ resulting from the inversion of the re-

i - ’ ’ A method according to this methodology was exposed in
lation of dispersionn’ = v(v, 7). Finally :

[6] for the perfect waveguide (the simplest guide with two
layers and perfect reflexion). In this guide, the relatign=
um (1) is for them*" mode [3] :

This technique can be seen as the projection of the signal on 5 ez
dispersive modal curves. The relationl = (v, 7) allows = (2m —1)Ci 7 (5)
to pass from the theoretical curves (ferwhole) to all time- 4D+/(C17)* — R?

frequency spacen{ no more necessarily whole). The origi- \yhere;, andC, are the velocity in water and in the sedi-

nality of this method can be seen in layouts of the paving of,ant layer,D the waveguide depth anel the source-sensor
the time-frequency plane by the atoms. Indeed, the atoms of . . R RC

o : . distance. The time domain i}y = } ot 22]
projection differ from a place to another in the time-frenog T Cv ] )
plane (figure 1). . .No precision is given in [6] concerning thg inversion pos-
sibility. We thus initially made this TFR inversible by defig
atoms equations.

TFRy(r,v) = [Un(r,m)|2,_,., (3)

4.2. Conditionsof TFR construction

In order to allow the matched TFR construction, layouts  The perfect model is very approximate. We thus want, fol-
of theoretical curves which determines the projectioneesp lowing the same principle, to create an matched representa-
the following conditions : tion to the Pekeris waveguide [7]. Itis a 2 layers model which
- Existence of then = v(v, 7) relation meaning that to each integer the reflexion coefficient according to the incidence
useful point of the time-frequency plane, a projection eurv angle. It is much more realistic than the perfect model. is th
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Fig. 3. Time pressure signal for R=3500m (North Sea)
Fig. 5. Reassigned Spectrogram & Lagunas Representation
for R=3500m (North Sea)

E1, lin. scale, imagesc, Threshold=5%

E1, lin. scale, imagesc, Threshold=5%

Fig. 4. Spectrogram [8] for R=3500m (North Sea) e

Fig. 6. Squared version of perfect model matched representa-
model, dispersion equatian, = u,,(7) of modes connec- tion for R=3500m (North Sea)
ting frequency to time doesn’t have an analytical solutita.
obtain an analytical approximation of this relation giviag
approximate Pekeris model. The matched TFR to the Pekeris
guide can thus be built and closing conditions establisied o
atoms family so as to make the TFR inversible.

E1, lin. scale, imagesc, Threshold=5%

6. RESULTSAND APPLICATIONS

6.1. Resultson real data
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We apply these two TFR to a real case resulting from
a survey in North Sea for which the source-sensor distance ) )
R = 3500m is relatively small. The theoretical curves of the Fi9- 7. Squared version of Pekeris model matched representa-
first 7 modes are presented figure 2. Time version of the pre&on for R=3500m (North Sea)
sure signal is shown figure 3 and its TFR figures 4 to 7. Be-
nefit given by matched TFR with respect to the traditional
methods (spectrogram, reassigned spectrogram and Lagunas
method) can clearly be seen : for the classical methods; time
frequency compromise doesn’t make possible to distinguish
modes which is the case for matched methods. Mode filtering
is then possible. In addition, the localization is lightlyora
precise in the Pekeris case than in the perfect case (l&ss int
ferences between modes).

We present another example coming from a survey in the
Lions Gulf for which R = 14000m. Because of the longer
distanceR, a better mode separation given by the Pekeris mo-

del with respect to the perfect model (figure 8 and 9) can bg ig. ;8 SSETZ%%(\)/HS:?” opreffrfect model matched representa-
seen. It shows the interest we have to choose theﬁttestmongn oriR= m (Lion Gulf)
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Fig. 11. Selected mode (mode 3) on the time-frequency plane

& Time representation of this mode after inversion
Fig. 9. Squared version of Pekeris model matched representa-

tion for R=14000m (Lion Gulf) apply this methodology to two traditional models of propaga

tion in Underwater Acoustics on real data. In a signal pro-
cessing context, we apply the algorithm philosophy, namely
to project the signal on fittest time-frequency atoms, bat th
correspondence being done here starting feopniori know-
ledge and not in an adaptive way. It results from this thagtim
frequency uncertainty is "channeled” thanks to the atortis fo
lowing the theoretical curves. We finally test these methods
on real signals and showed the benefit which they bring with
respect to the traditional methods. This approach makes pos

Fig. 10. Adapted representation of North Sea data & WaterSiPle to combine the physics of propagation with the signal
shed algorithm result on this representation processing.
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7. CONCLUSION o]

In this study, we propose a general methodology allowing
to build TFR whatever the model under certain conditions. We



