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ABSTRACT

In shallow water and at low frequency, acoustic prop-
agation is generally described by normal mode theory,
the acoustic pressure being a sum of propagating modes.
Source localization is usually performed using matched-
mode processing, based on an a priori knowledge of the
environment. This work considers the use of horizontal
linear arrays to perform source localization in the azimuth
and range dimensions. The deconvolution of the waveg-
uide impulse response from the array measurements is in-
vestigated to improve the localization accuracy. The de-
convolution is performed using the Orthogonal Matching
Pursuit algorithm, suitable when the number of sources
is small compared to the number of HLA channels. Nu-
merical simulations for Pekeris waveguide highlight good
localization accuracy at various frequencies and some ro-
bustness to environmental mismatches. Results from mea-
surement campaign, involving large HLA, low to ultra-
low frequency and water depth up to 1500 m are investi-
gated as well.

Keywords: array processing, underwater acoustics, low
frequency, Pekeris waveguide

1. INTRODUCTION

Source localization is often considered using an array of
hydrophones [1]. Beamforming techniques are gener-
ally applied to estimate the directions of arrival (DOA)
of the sound waves from different sources. As the prob-
lem is ill-conditioned, high resolution methods were pro-
posed to overcome some of the limitations of beamform-
ing. Since the 2000s, deconvolution of the beampattern
has been adapted from astrophysical imaging to airborn
acoustics [2, 3] and underwater acoustics [4]. It desig-
nates a group of methods that iteratively suppress the con-

tribution related to the array response to achieve better
signal to noise ratio (SNR) and accuracy of the localiza-
tion. The development of deconvolution was supported
by a sparse hypothesis of the number of sources in regard
with the number of sensors in the compressed sensing for-
malism [5].

In underwater acoustics, for low frequencies and shal-
low depth, acoustic propagation is computed by a sum of
propagating modes [6, 7]. The source localization is then
refereed to matched-mode processing (MMP) [8, 9]. In
modal propagation, localization methods usually consider
wideband to take advantage from the dispersive property
of the propagation [7,8,10]. This paper introduces the de-
convolution of horizontal line array (HLA) beampattern
for a narrow band matched-mode processor. The decon-
volution is performed using Orthogonal Matching Pursuit
(OMP) [3, 11] to increase the localization accuracy.

The performance of the localization using MMP and
OMP is estimated for simulations of a Pekeris waveguide
and for a deep water campaign in the Channel of Mozam-
bique.

2. LOW FREQUENCY ACOUSTIC
PROPAGATION
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Figure 1: Propagation in a Pekeris waveguide

A Pekeris waveguide is defined by a homogeneous
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water layer {density ρ1, sound speed c1 and depth D}
overlaying a semi-infinite seabed layer {density ρ2 and
sound speed c2} as illustrated in Fig. 1.

The spectrum of a monochromatic source at a fre-
quency f is S(f). The source is located in rs = 0 at the
depth zs, the acoustic pressure at the point rp and depth
zp can be written as

yp(f, rp, zp, zs) = S(f)

M(f)∑
m=1

αm(f, zp, zs)
e−irpkrm(f)√
rpkrm(f)

,

(1)
where M is the number of propagating modes,
αm is an amplitude term (i.e αm(f, zp, zs) =
Ψm(zs, f)Ψm(zp, f), the product of modal function val-
ues at source and receiver depths) and krm is the horizon-
tal wavenumber [6]. The quantities αm and krm are com-
puted using the boundary conditions. The Pekeris waveg-
uide is one of the simplest environment model, krm are
computed by root finding.

If all the sensors are at the same depth, for a typi-
cal HLA configuration, only the propagation over range
can be considered. Thus, the knowledge on the hori-
zontal wavenumbers krm allows describing the propaga-
tion. Several studies have been dedicated to estimate the
wavenumbers (see [7] for instance) and thus to infer the
source and/or environment properties. In the following,
we illustrate how this information is used in the MMP.

3. DECONVOLUTION FOR MODAL
PROPAGATION

Considering an array of P hydrophones, the direct prob-
lem can be put under a matrix product

y(f) = A(f)x(f) (2)

where y is the vector of the P measurements yp(f, rp) of
the array, A is a P ×Ns dictionary of propagation and x
is the vectors containing the amplitude of the Ns sources
distributed over space. The source positions and ampli-
tudes is then given using a pseudo-inverse scheme

x̂ = AH(AAH)−1y. (3)

In the case of beamforming, A describes the angles of ar-
rivals to estimate. In the case of MMP, A describes the
replica of the modal propagation. Its elementary compo-
nent is then simplified to:

Anp(f) =

M(f)∑
m=1

e−irnpkrm(f). (4)

Compared to Eq. (1), the amplitude terms are dropped:
αm depend only on the source and sensor depths; the
range dependant losses, i.e. the cylindrical losses, may
only contribute significantly at shorter ranges and mainly
to estimate the source level.

Eq. (3) is ill-conditioned because of the discrete spa-
tial sampling and additive noise. As we assumed the num-
ber of sources with non-zero amplitude to be small com-
pared to the number of hydrophones, the inversion is reg-
ularized as

x̂ = argmin
x

|x|ℓ1 subject to y = Ax. (5)

where ||ℓ1 is the absolute value operator.
The second part of eq (5) is similar to the Eq (3).

Eq. (5) can be solved by numerous methods. We propose
to apply the OMP which belongs to the group of greedy
algorithms [11]. It aims to suppress iteratively the con-
tributions of sources through the array impulse response
until a stop criterion is reached. OMP is known for its ro-
bust convergence according to the resolution of the search
grid [3].

4. SIMULATIONS
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Figure 2: DOA estimates for MMP (red circle) and
OMP (black dots) at 10 Hz (1 mode)

Acoustic propagation in a Pekeris waveguide is sim-
ulated. The depth is 100 m, the seabed density 2 kg.m−3

is and the seabed sound speed is 1700 m.s−1, in order
to simulate a sandy bottom. The array is composed of
100 hydrophones spaced of 5 m, at a depth of 10 m. The
source position is randomly drawn: the range is drawn be-
tween 1 and 5 km and its DOA is drawn between -80 and
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Figure 3: Range estimates for MMP (red circle) and
OMP (black dots) at 10 Hz (1 mode)

80 ◦ (0 ◦ is the broadside of the array). 1000 positions are
drawn uniformly. The research space is defined for angles
between -80 and 80 ◦, with an accuracy of 1 ◦, and for
ranges between 1 and 5 km, with an accuracy of 50 m.
The source emits at two frequencies: 10 Hz and 50 Hz,
1 and 7 modes propagate respectively. Gaussian noise is
added on the receiver, Eq. (1), in order to have an aver-
aged SNR of 0 dB in the bandwidth of f over the [1 5]
km range. OMP stop criterion is adapted to the SNR. The
MMP result is given by the greatest value of x̂.

The computational time using OMP is approximately
20 % longer than MMP. Results of range and DOA esti-
mates are compared to the true values for MMP (red cir-
cles) and OMP (black dots) in Fig. 2 and Fig. 3 at 10 Hz
and in Fig. 4 and Fig. 5 at 50 Hz.

At 10 Hz, 1 mode propagates. The average errors on
DOA are 0.45 ◦ and 0.22 ◦ for MMP and OMP respec-
tively, Fig. 2. The average errors on range are 115 m and
104 m for MMP and OMP respectively, Fig. 3. It seems
the error on the range increases with the distance, it can
be related to an increase of the SNR with range as the
source signal is more attenuated. MMP and OMP results
are close to the true values as only 1 mode propagates
and there is no interference pattern. However, MMP has a
larger lobe of the ambiguity function while OMP provides
a sparse solution.

At 50 Hz, 7 modes propagate. The average errors on
DOA are 0.058 ◦ and 0.045 ◦ for MMP and OMP respec-
tively, Fig. 4. The average errors on range are 413 m and
47 m for MMP and OMP respectively, Fig. 5. Results of
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Figure 4: DOA estimates for MMP (red circle) and
OMP (black dots) at 50 Hz (7 modes)
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Figure 5: Range estimates for MMP (red circle) and
OMP (black dots) at 50 Hz (7 modes)

MMP are impacted by the modal interference pattern: for
the DOA, angles are estimated larger than the true values
for negative DOAs and smaller than the true values for
positive DOAs; for the range, results show strong sensitiv-
ity to local maxima. In particular, around 1500, 3000 and
4500 m, MMP is unable to localize the sources. Deconvo-
lution performed by OMP allows retrieving results closer
to the true values. As the frequency is higher, the main
lobe of the ambiguity function is smaller for MMP than
at 10 Hz but OMP achieves a smaller resolution thanks to
the sparse approximation.

4783



10th Convention of the European Acoustics Association
Turin, Italy • 11th – 15th September 2023 • Politecnico di Torino

5. APPLICATION TO SOUSACOU CAMPAIGN

Shom operated the SOUSACOU campaign in the Mozam-
bic Channelin February 2021. A seismic array of 480
sensors over 3 km was used. The depth is about 2300
m. Seabed is mainly gravity flow sedimentation. Narrow
band signal was detected around 5 Hz where 15 modes
propagate.

Localization results using OMP is presented in the
ambiguity function in Fig. 6. To improve the readability,
sparse detections are circled in red. The main source is
identified at 9300 m and 32 ◦. It shows consistency with
a preliminary AIS but additional work is required. Sec-
ondary sources are located at the end-fire position (90 ◦)
around 2 km. The localization corresponds to the radiated
noise from the operating ship Pourquoi Pas ?.

Figure 6: Sources localized by OMP during
SOUSACOU campaign.

6. PRELIMINARY CONCLUSION

The study shows that taking into account the modal prop-
agation physics into the deconvolution can improve the
localization performance. It emphasises that array pro-
cessing should rely on appropriate physical knowledge of
the propagation.

Application to real measurements show encouraging
results. Contamination by radiated noise of the operating
vessel can be critical to define the sparity level and will be
investigated deeper for the presentation.

The examples are focused on narrowband signals, but
methodology could be extended to wideband or multi fre-
quency analysis.

7. REFERENCES

[1] H. Mermoz, “Imagerie, corrélation et modèles,” in
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