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Abstract—In this paper, a high resolution spatio-temporal signal received on the:*" sensor is modelized as:
analysis algorithm is presented and applied to separate the
raypaths recorded with sensors for ocean acoustic tomography Ll
It is a extended version of classical MUSIC, we propose it to T (t) = Zapep(t — Tm,p) + b (t) 1)
an active large band processing dedicated for ocean acoustic p=1
tomography.We use spatial and frequency smoothing method . . .
to built projector. The experiment is done on simulated datas. In frequency domain, (1) is written as:
Compared with classical technology using in ocean acoustic P
tomography, Beamforming, MUSICAL obtains more precise .
separation results. Besides, the results obtained by MUSICAL Tm(v) = Z%%(V) exp(—Jj27Tim,p) + bin (V) 2
are with less artifacts. p=1

The arrival timer,, , can be expressed as follows:
[. INTRODUCTION

In the ocean, it is possible to get images of the sound speed Tmp = Tp + tm(0p) (3)

variation thanks to acoustic tomography. A common way to T, represents the delay between thé source and the
proceed is to take advantage of the multi-path propertiéseof reference sensot,,(6,) is the delay between the reference
wavefield [1]. Each path provides information on the vaoiati sensor and the:t” sensort,, (9, is function ofd,, which is

of sound speed distribution. Recently, a tomography methg@gh direction of raypaths on the antenna.

has been developed using vertical arrays in emission andp (2), the terme,,(v) is deterministic. It is composed of a
reception and double beamforming to separate the differgqbgulus and a phase expressing a priori information abeut th
paths and extract more observables. Thanks to 2D processignal. Anda,’s are considered random and decorrelated. In
the method hugely improve the conventional beamforming:ean acoustic tomography, each source corresponds th,a pat

performances [2]. However, it is still confronted to the maic(4) is the emitted signal and, corresponds to the complex
beamforming drawback : the low resolution performancegmpiitude of each path.

As a first step of improvement, we apply a high resolution

processing which combine MUSICAL algorithm [3], spatiaB. Estimation of interspectral matrix
and frequency smoothing [4]. We compare its resolution per-
formances to those of conventional beamforming processi
on simulated data.

Spatial and frequency smoothing can be introduced respec-
Wely to estimate the interspectral matrix. Making a sgon
smoothing either distance or frequency may introduce sig-
nificant bias in the estimation of the matrix. Thus, Paulus
[4]lcombines the two types of smoothing methods together.

High resolution methods are based on an accurate modelofSs K respectively denotes the spatial and frequency
interference wave fields (the received signals). Then icertgmoothing factor).
parameters are estimated by maximizing or minimizing a From the single available observation it is possible to
function [5]. Based on [3], we present a high resolutionigpat generate a set o2(; + 1) spatially offset recurrences, _.
temporal analysis method to estimate jointly drection anthese2K, + 1 recurrences may themselves frequentially be
arrival time, by taking into account the a priori informatiof ~ shifted to obtaink” = (2K, +1)(2K + 1)recurrences,, .
the signal in MUSIC with a active antenna. In the followingrhen we can then estimate the wideband interspectralmatrix

part, we give detalils. by the following formula:

Il. HIGH RESOLUTION SPATIGTEMPORAL ANALYSIS

A. Sgnal rmdel 2K +1 2K‘f+1

. . .
The model is built on an acoustic field composedfofay- I = (2K, +1)(2Kf + 1) oY XX, @
paths on a active vertical antennadf sensors.The temporal ks=1 ks=1
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C. Principle of the Algorithm

By eigendecomposition, the signal subspace is spanned
by the first P eigenvectors ofl’, and its complementary,
the noise subspace is spanned by the orthogarhal — P
last eigenvectors. The orthogonal projection onto the enois
subspace is estimated as:

MF
Z Pkt )]

k=P+1

Finally, the HR algorithm consists in maximizing the folliog
fuction:
F(0,T) = (a(6,T) Tpa(®,T))"" (6)

With: a(d,T'): wide-band steering vector and is written as:

a0, T) = [e(v))e 2™ TdT (1,0), ... e(vp)e 2™ Td T (vp, 6)]F

d(v;,0) is the conventinal steering vector used in narrow
band analysis [5].

Il. SIMULATIONS

We illustrate the method presented previously on a set of
simulated data from a software propagation parabolic equa-
tions. In this experiment, we use one source and a vertical
antenna of 61 receivers. The source is fixed at 40.5 m under

~

Angle(in degrees)

-20
7.2

-15
6.8

-10
6.6

-5
6.4
0 6.2

6

134 135 136 137 138 139 14
Time(s)

Fig. 2. Separation results with MUSICAL
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the ocean. The 61 receivers are regularly spaced in the water Time(s)

column between 30 m and 60 m. We choose the 31th sensors
as the reference one. The distance between the source and the

Fig. 3. The first two raypaths with Beamforming

reference sensor is 2 km.

Separation results are demonstrated by Fig. 1 and Fig. 2.
Globally, for each arrival raypaths, estimation valuesaot®d
by MUSICAL vary in a smaller scale and are with less
artifact. Specially, shown by Fig. 3 and Fig. 4, differring
to Beamforming, the first two arrival raypaths are separated

totally.
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Fig. 4. The first two raypaths with MUSICAL

applied to double antenna with tank signal and real acoustic
signal.
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