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ABSTRACT
Testing acoustic equipment before sea experiments is a necessary step, which usually requires large and expensive facilities. In this paper, we present the design guidelines, structure and details of a small-scale, low-cost acoustic chamber for in-lab testing of underwater acoustic networks. The
chamber has been assembled with the objective to be of low
cost and limited size: therefore, its installation fits small university laboratories that cannot afford large testing pools.
The chamber was designed to mitigate the extreme multipath which, in a small chamber, makes communications unreliable. Considering this challenge, our chamber includes a
phono-absorbing coating on the walls and floor, to be optionally complemented by a panel of the same coating material,
to be installed at the water surface level.
After providing the details of several phono-absorbing materials to motivate our specific choice, we carry out a number
of transmission experiment with EvoLogics modems, proving that our design substantially reduces the severe multipath and thereby improves the communications quality.

Categories and Subject Descriptors
B.8.2 [Hardware]: Performance and Reliability—Performance Analysis and Design Aids; C.2.0 [Communication/
Networking and Information Technology]: General—
Data communications

Keywords
Underwater acoustic networks; laboratory tests; acoustic
chamber; phono-absorbing coating design; EvoLogics modems;
experiments; packet delivery ratio; multipath evaluation.

1. INTRODUCTION AND RELATED WORK
Performing a sea experiment to test underwater acoustic
networks (UWANs) requires precise coordination between
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the network nodes. Since a failure in such an experiment
implies significant costs for re-organizing and executing a
fresh field trial, the software should be bug-free, and the
hardware should be able to withstand the foreseen sea conditions. This sensitivity to potential failure makes it crucial to perform in-lab tests to validate the software and the
equipment before going to the field.
The in-lab testing process involves both simulations and
lab experiments. The former is a relatively easy process
which is performed using an event-based simulator, e.g.,
[1–5], whereas the latter involves the same hardware to be
employed later in the field trial, and should be regarded as
a small-scale experiment, which requires the use of a testing
pool or chamber. Although the long propagation delays experienced in real scenarios cannot be reproduced in the latter
case, such a setting does push the lab testing conditions one
step closer to what will be found in a field trial environment,
and makes it possible to test transmissions at, e.g., higher
power levels, which would otherwise damage the projectors if
employed while the modem is not submerged [6]. However,
small test chambers carry a number of challenges among
which the most dominant is the strong multipath which exists due to the small-scale testing facility (see Fig. 1). While
such a challenging environment may provide a valuable tool
for worst-case performance evaluation, often this advantage
is overcome by the difficulty of finding a proper configuration that allows sufficient network connectivity for the test
to be carried out. As an example, Fig. 2 shows a typical
tank configuration where, due to strong multipath, it was
not possible to obtain a connected network.
The most realistic in-lab experiments are naturally carried out in large and deep testing pools. These environments
provide characteristics more akin to shallow water scenarios,
giving the research team more insight as to what to expect in
a real environment, and thus making it more ready for the
sea experiment. However, large testing pools, such as the
one employed by CMRE [7], require a large infrastructure
which may not be available to smaller research laboratories,
e.g., as typically found in universities. As a result, such
laboratories may have to skip the in-lab validation process,
or to perform it outside the lab, possibly in harbors and
marinas, whose environments are typically characterized by
high noise levels and strong reverberation. In turn, the validation may require a lengthy set-up phase to identify the
ideal conditions for a controlled validation test, with the understanding that such conditions are then highly subject to
change over time due to evolving environmental conditions
and noise-generating activities in the nearabouts.
When a large pool is not available, smaller tanks may be
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Figure 1: Example of multipath propagation in the
tank (dashed) and line-of-sight path (solid).

of interest for making preliminary tests. For example, the
authors in [8] performed the tests in a wave flume, which albeit being smaller than a pool, still requires a large facility
for its installation. The works described in [9] and [10] were
both tested in tanks of different sizes. A different approach
is taken in [11], where the authors test acoustic communications in air by employing a specifically constructed emulator,
where phono-absorbing material allows to obtain the same
attenuation as a 2-km free-space underwater link within a
space of 4 cm. The solution does not rely on actual acoustic
modems and can thus represent only an intermediate step
towards a sea experiment.
In this paper, we tackle the need for a low cost acoustic
chamber as a valuable experimentation tool and describe
the implementation details of such a chamber built from
available low-cost materials. This chamber is now part of an
UWAN testbed at the University of Padova, which includes
seven EvoLogics S2CR 18/34 modems [12].
Our acoustic chamber is a small 200-liter plastic tank of
a rectangular shape of dimensions 67 cm × 57 cm × 52 cm.
A picture of the chamber is presented in Fig. 2. The small
size of the chamber allows its easy deployment inside the
laboratory as well as its displacement for demonstrations.
The chamber includes three metal handles to help organize
the deployment of acoustic modems at different depth and
distances. To reduce the multipath that originates in such a
small tank, we use a phono-absorbing material. However, in
some cases, there may be a need to preserve some multipath,
e.g., when testing the robustness of signal processing and
networking protocols in face of adverse channel conditions.
Therefore, our design includes a way to control multipath
through a removable tank cover.
Our specific contributions are: i) the systematic analysis of different phono-absorbing materials and of their intank echo reduction effect, including using different levels
of tank and water surface coating; ii) a detailed account of
our experience with small tank experiments and solutions
to make this logistically viable solution also reliable from
a communications standpoint; iii) several test results using
EvoLogics modems, for which we report both the achieved
packet delivery ratio figures and the capability of the phonoabsorbing coating to provide a sufficiently clean signal to the
modems’ multipath-rejecting physical layer. We remark that
the modems work in the 18–34 kHz band, which leads to a

Figure 2: Example of a tank test. In a system with
5 nodes it was not possible to obtain a connected
network due to the strong multipath effect.

wavelength of about 5 cm. In these conditions, the chassis
of the modems are also turned into significant reflectors.
Our chamber was first employed for testing the handshakebased protocol reported in [13] before a real experiment in
the Garda lake, Italy. This protocol exploits the near-far
effect and involves power control. The lab testing of this
protocol required changing the node’s transmission power,
changing the position of the nodes, and conveying packets
of different sizes to different destinations. To this end, it
was essential to overcome the large inter- and intra-symbolinterference caused by the reflections from the boundaries of
the tank, a task that was completed successfully thanks to
our chamber design.
The remainder of this paper is organized as follows: in
Section 2 we discuss the design of the tank and the choice
of a phono-absorbing material; in Section 3 we discuss the
results of several transmission experiments carried out in the
tank, and finally draw our conclusions in Section 4.

2.

DESIGN CONSIDERATIONS FOR THE
ACOUSTIC TANK COATING

To keep the paper self-contained, we start by recalling a
few notions on the physical quantities that determine the
acoustic behavior of a medium. Every propagation medium
is characterized by its density ρ and the speed of sound in
the medium, denoted as c. Their product Z = ρc is called
acoustic impedance: it can be interpreted as a measure of
how hard it is for the sound to propagate in the medium
and is measured in Rayls, where 1 Rayl is equivalent to 1
kg·m-2 ·s-1 . In general, sound waves propagating through a
medium of impedance Z1 = ρ1 c1 and encountering an interface with a second medium of impedance Z2 = ρ2 c2 are
partly reflected off the interface and partly refracted inside
the second medium. The reflection coefficient that deter-

mines the fraction of the wave energy reflected back into
medium 1 is derived as
R12 =

Z2 cos θi − Z1 cos θt
,
Z2 cos θi + Z1 cos θt

(1)

where θi is the angle of incidence of the wavefront on the
interface between the first and the second medium, and θt is
the angle of refraction inside the second medium, both measured with respect to the direction normal to the interface.
The coefficient T12 = 1−R12 determines instead the amount
of energy transferred to medium 2. The value −20 log10 R12
(in dB) is called echo reduction, and conveys the capability of the material to attenuate echos originating from the
interface.
Additionally, every propagation medium can absorb the
energy of the acoustic wave in different ways, which will
be considered in the next subsection. For the moment, assume that there exists a second interface between the second medium and a third medium. The fraction of energy
transferred to medium 3 can be computed as T12 T23 /A2 ,
where A2 conveys the amount of attenuation incurred by
the sound wave as it propagates through medium 2. The
value −20 log10 T23 (in dB), is also called insertion loss, and
expresses the capability of medium 2 to retain acoustic energy instead of transmitting it to medium 3.
With reference to the choice of a phono-absorbing coating
for our tank in Fig. 2, we remark that there are four propagation media involved: 1) water; 2) the coating material; 3)
the tank walls; 4) air. There are therefore three interfaces
that acoustic waves interact with. The clear water typically
used for in-lab tests has an impedance Z1 = 1.48 MRayl; the
tank walls are made of high-density polyethylene, which has
an impedance Z3 = 2.3 MRayl; finally, air has an impedance
Z4 = 429 Rayl. Of course, water and air are in direct contact
at the water surface. At this point it becomes clear that in
order to achieve a good multipath reduction, we need at least
to apply a coating material to the tank walls, and optionally to the water surface/air interface. This material should
have the following characteristics: it should be waterproof
and exhibit an impedance matching the one of the water
and possibly being not too different from the impedance
of the tank walls; it should provide good sound absorption
properties, high echo reduction and small insertion loss; it
should be low cost and possibly off-the-shelf; it should be
thin enough not to take up too much space in the tank. In
the following, we will survey and discuss the possible choices
for the phono-absorbing tank wall coating and present our
final choice.

2.1

Survey of phono-absorbing materials

Several types of materials can be employed for the wall
coating. A first differentiation among them is made based on
their density. If its density is less than 1 g·cm-3 , a material is
named “expanded:” this class includes open-cell (or porous)
materials as well as some classes of closed-cell materials.
Otherwise, a material is named “compact.”
Porous materials are typically employed for sound dampening in air, as their impedance adapts well to the air’s
impedance [14]. In this case, sound waves that penetrate the
material’s pores create small vortices that lead to a quicker
energy dissipation. The same property could be employed
under water, but the matching between porous materials
and water would be much worse, and most of the acoustic
energy would be unable to penetrate the material [15]. A

different mechanism takes place in the so-called Insulcrete, a
mixture of Portland cement and pine wood sawdust: in this
case, acoustic energy dissipation originates from the relative
motion between the water penetrating the material and the
material itself [16,17]. A layer of crushed rocks also behaves
as a porous material, that dissipates acoustic energy due to
the many reflections that take place in the interstices among
the rock fragments [18]. The majority of porous materials
are, however, not waterproof, and the penetration of water
in the material tends to substantially deteriorate its phonoabsorbing properties.
Several materials absorb acoustic energy by transforming
it into heat through elastic deformation. Compact rubbers
and high-density polyurethane present this characteristic behavior [15]. Rubbers are specifically important for phonoabsorbency under water, as their acoustic impedance can be
adapted to that of water. For the same reason, rubbers work
comparatively worse in air, where they are mostly used as
insulators [14, 15, 19, 20].
In order to increase phono-absorption, the materials can
be physically modified or shaped. For example, porous materials for sound absorption in air are shaped into cones in
order to increase the total contact surface and impair the
propagation of sound waves. In the case of absorption into
water, instead, two approaches are typically employed: i)
filling the material with sawdust, cork dust or similar materials and ii) cavitation of otherwise homogeneous materials.
The latter concept (which is more controllable than the former) has been exploited to build the Alberich tiles employed
to cover submarines during the second world war [16]. The
rubber-based material in [21] exploits the same technique.
A specific case of technique i) above is the addition of metal
dust to butyl rubber [17]: this achieves a better matching
with the water impedance and increases the attenuation of
sound energy in the material. However, this type of rubber
tends to absorb water over time, which degrades its phonoabsorbing properties.
The properties of chloroprene rubber (also known by its
commercial name neoprene) are studied in [20], where the
authors mix the rubber with different quantities of carbon
in order to achieve different degrees of hardness, which in
turn increases the acoustic impedance of the material while
maintaining it around the same order of magnitude of water’s acoustic impedance. Moderate proportions of carbon
offer an insertion loss less than 2 dB and an echo reduction
in excess of 10 dB, which make the material suitable for
phono-absorption applications.
The development of a visco-elastic material of the socalled class of locally-resonant phononic crystals (LRPCs)
is described in [22]. These materials are characterized by
the insertion of metallic particles of the same size, that act
as resonating crystals at the frequencies of interest. The
specific material in [22] is based on high- and low-density
polyurethane and aluminium foam. The results show high
acoustic energy absorption, much higher than achieved by
each component alone [14], although the material is prone
to a substantial alteration of its acoustic properties in the
presence of any defects.
Compact, polyurethane-based tiles that achieve a broadband echo reduction and absorption are presented in [23].
The tiles are well matched to the water impedance, and
sound energy absorption is enhanced through the insertion
of air micro-spheres and high-density fillers, and by shaping the material in cones. The tiles are sold by Precision
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Figure 3: Different stages of the tank coating process: (a) application of the cement-based glue; (b) application
of the neoprene rubber on all sides and drying; (c) finished tank including the surface coating layer.

Figure 4: Setting of our experiment: one node at
a time transmits one packet per second, while the
others measure the multipath.

Acoustics under the commercial name Aptflex SF5048.
A multi-layer material composed of water, marine plywood, butyl rubber loaded with cork dust and aluminium,
and butyl rubber cones is presented in [14]. More experiments with the properties of composite materials in the 1050 kHz range are detailed in [17]. The general conclusion is
that the best attenuation is obtained when the rubber is in
contact with the water. A summary of the findings of our
literature survey on phono-absorbing materials is provided
for reference in Tables 1 and 2.

2.2

Choice of a phono-absorbing wall coating

Given the survey and considerations presented in the previous subsection, we finally chose to implement the phonoabsorbing tank wall coating using a 6-mm neoprene rubber
layer to be fixed to the tank walls through a two-component
cement mortar-based glue of the type employed to insulate pools and terraces. The thickness has been chosen in
order to subtract only a minimal amount of space to the
tank. The acoustic impedance of the neoprene rubber is
Z2 = 2.24 MRayl, and has the same order of magnitude of
water’s impedance. We recall that the HDPE tank walls and
bottom (impedance Z3 = 2.3 MRayl) are also well matched
by the rubber. Other materials have been discarded for
several reasons. For instance, Aptflex SF5048 tiles, albeit
having a very desirable behavior in the frequency range of

interest (18-34 kHz) have been discarded due to their excessive cost. Composite structures such as [14] have also been
discarded due to their excessive size, which would leave an
insufficient amount of space for the modems inside the tank.
More complex materials [15, 22] have finally been discarded
as they require specific instrumentation to be employed.
We remark that there still exists a highly reflective HDPEair interface, whose impact is now limited thanks to the
phono-absorbing characteristics of the neoprene layer. The
water surface-air interface is also highly reflective. To compensate for the latter, a structure has been prepared to
submerge a planar layer of the same neoprene rubber employed for the tank wall coating. A possible solution for
dampening the HDPE-air reflection would be to apply an
external layer with high acoustic absorption coefficient and
impedance matched to that of HDPE. This solution, however, has not been applied for the moment and has been
left as a future extension. Fig. 3 shows different stages of
the tank coating process: (a) the application of the cementbased glue; (b) the internal neoprene coating while drying;
(c) the final installation including the surface neoprene layer.

3.

EXPERIMENTAL RESULTS

Our tests have been carried out by submerging three EvoLogics S2CR 18-34 modems in the tank, over different tank
coating stages. The position of the modem is as illustrated
in Fig. 4, except that the distance between the modems and
the perimeter of the walls was reduced with the introduction
of the neoprene rubber layer.
The modems allow transmit power control in four levels,
corresponding to a source level (SL) of 184, 178, 172 and 164
dB relative to 1 µPa at 1 m from the source. For our experiments, we employed a SL of either 164 (SL1) or 178 dB re
1 µPa at 1 m (SL2), where the latter is a factor of about 25
greater than the former, in linear scale. With this test, we
aim to show that operations with high source levels (possibly used, e.g., in protocols exploiting power control and/or
near-far scenarios [13]) can in fact be experimented using
our setup, despite the limited space available in the tank.
We are mainly interested in two communication quality
measures: packet delivery ratio (PDR), and multipath richness. To measure these quantities, we configure the nodes to
transmit 100 packets at a rate of one packet per second. The
transmissions take place in turns, so that at any given time
one node transmits and the other two nodes attempt receiving the packets and performing multipath measurements.
We start from the PDR values, which are reported in Ta-

Table 1: General properties of different classes of phono-absorbing materials
Type

Advantages

Disadvantages

Porous materials

High attenuation by trapping acoustic
energy in pores.

Acoustic impedance not well matched to water’s;
water absorption degrades properties.

High-density
visco-elastic materials.

Good water impedance match; limited water
absorption; high attenuation through elastic
deformation.

Poor resistance to hydrocarbons. Other
material-specific disadvantages (see Table 2)

Composite materials

Optimally phono-absorbing at the
frequencies of interest for this paper.

Exceedingly thick; typically complicated
preparation and application.

Table 2: Advantages and disadvantages of specific phono-absorbing materials. For each category, the characteristics listed in Table 1 also apply.
Type

Advantages

Disadvantages
Porous materials

Insulcrete [14, 16, 17]

0.9 ≤ ρ18-34 ≤ 0.99

Long and complex preparation;
highly alkaline (requires water
neutralization); tends to form a
thickening surface layer.

Crushed rocks (grain
diameter from 3
to 5 mm [18]

0.6 ≤ ρ18-34 ≤ 0.9; natural resistance to water absorption.

Release impurities in the water.

Polyurethane [18, 24–27]

0.6 ≤ ρ18-34 ≤ 0.8; good water impedance matching; very
limited water absorption; easy to use.

Deteriorates when exposed to
sunlight or to organic solvents.

Neoprene
rubber [19, 20, 26, 28]

0.2 ≤ ρ18-34 ≤ 0.6; good water impedance matching;
adheres to metal and rigid materials; resistant to acids
and bases; good mechanical properties; water-resistant.

Poor resistance to hydrocarbons.

Butyl rubber [19, 26, 28]

0.2 ≤ ρ18-34 ≤ 0.6; good water impedance matching; good
resistance to flex, oxidation, gas and sunlight; good
waterproofing and resistance to acids and bases.

Not resistant to radiations.

Chlorobutyl rubber [19, 26]

Same as butyl rubber plus better resistance to heat and
compression.

Not resistant to radiations.

Natural rubber [19, 26]

Good water impedance matching; high mechanical energy
loss factor; good resistance to water.

Poor resistance to ozone and
sunlight; ρ18-34 ≤ 0.6.

Ethylene-Propylene Diene
Monomer
rubber [19, 26, 28]

Good water impedance matching; high mechanical energy
loss factor; very good resistance to water, ozone and
sunlight.

Poor resistance to tear; difficult
bonding, especially to metals.

Visco-elastic materials

Composite materials
Rubber with sectional
cavities [21]

Better sound absorption properties than plain rubber.

∗

Aptflex SF 5048 [23, 29]

Specifically designed for tank lining; echo reduction at
least -30 dB. High attenuation in the material.

∗

Marine plywood + cork-Al
powder-loaded butyl
rubber + loaded butyl
rubber wedges [14]

Echo reduction at least -12 dB.

Rubber incorporating
materials with high air
content [15, 17, 26]

∗

Optimal performance achieved
only if the water surface is also
covered with the material.
Absorption of water over time
degrades the material’s
properties.

Neoprene rubber with
carbon black loading [20]

Improved mechanical properties without compromising
impedance adaptation. Insertion loss less than 2 dB, echo
reduction greater than 10 dB.

∗

Composition of locally
resonant units of different
sizes [22, 27]

ρ18-34 ≈ 0.9

∗

∗ indicates that the corresponding characteristics are as indicated in Table 1.

Table 3: Link packet error rates for several configurations of the tank and of the transmitting modem.

SL2 = 178? SL1 = 164?

No coating

?

1008 192
1092 163
1208 105
1316 113
1432 153
1724 143
2240 119
2580 220
(a)

Side/bottom coating

Surface/side/bottom coating

Rx1

Rx2

Rx3

Rx1

Rx2

Rx3

Rx1

Rx2

Rx3

Tx1
Tx2
Tx3

—
0.0
0.0

0.0
—
0.0

0.0
0.88
—

—
0.76
0.0

1.0
—
0.0

0.53
0.20
—

—
1.0
0.88

0.99
—
0.82

0.99
0.27
—

Tx1
Tx2
Tx3

—
0.96
0.18

0.12
—
0.06

0.68
0.18
—

—
0.32
0.06

0.74
—
0.10

0.54
0.98
—

—
0.74
0.88

0.80
—
0.96

0.44
0.98
—

SL values are expressed in dB re 1 µPa at 1 m from the source.
1000 415
1372 140
2612 137
3688 150
4208 139
0
0
0
0
0
0
(b)

1004 422
0
0
0
0
0
0
0
0
0
0
0
0
0
0
(c)

Figure 5: Examples of multipath footprint returned
by the firmware of the EvoLogics modem before
(a) and after (b), (c) the installation of a phonoabsorbing coating on the walls and surface (Fig. 3c).

ble 3 for the six links between the three modems depicted in
Fig. 4, for both SL values considered in this paper and for
three tank states: without any coating; after the application of the neoprene coating to the walls and bottom; after
the addition of the further neoprene layer on the surface.
The tank devoid of any phono-absorbing coating (see also
Fig. 2) exhibits very poor performance: by denoting as i → j
the link from transmitter node i to receiver node j, only the
link 2 → 3 has a non-zero PDR when the source level is set
to SL1. Increasing the source level to SL2 yields generally
better performance, where this time links 1 → 3 and 2 → 1
achieve a reasonably high PDR. For all other links, the PDR
is significantly lower, and insufficient to ensure stable links
for networking experiments.
Adding the neoprene rubber coating to the tank walls and
bottom (Fig. 3b) improves the performance of the links for
both values of the source level. For SL1, three links (1 → 2,
1 → 3, 2 → 1) now exhibit reasonably high PDR figures,
although the remaining links are still characterized by an
exceedingly small PDR. Note that the PDR of link 2 → 3 is
now lower due to the slight displacement of the nodes after
the application of the phono-absorbing coating. With SL2,
the situation improves slightly, as all links achieve a non-zero
PDR, although 3 → 1 and 3 → 2 are still quite unreliable.
Also, some PDR values appear lower than with SL1, most
likely due to the occasional saturation of the receiver input.
In any event, this configuration could already be employed to
emulate a network where node 3 is the sink (as both nodes 1
and 2 have a good link to it) and occasional communications
among nodes 1 and 2 can occur over an asymmetric link.
The best performance, however, is achieved by applying

the neoprene coating to the top of the tank, submerged a few
mm below the water surface (see Fig.3c). In this case, all
links exhibit fairly good performance for both SL1 and SL2.
In particular, with the lower source level SL1, the phonoabsorbing surfaces tend to suppress the majority of the secondary paths: this translates into high PDR for almost all
links, and in an improvement of 2 → 3 with respect to the
case with only side/bottom coating. On the contrary, with
SL2 the multipath appears to have been sufficiently mitigated, but we still suspect that the high source level tends
to cause input saturation at the receiver, which explains the
imperfect PDR figures for some links.
We now zoom in on the measured multipath footprint in
the presence of different amounts of phono-absorbing coating, as provided by the firmware of the EvoLogics modem.
The modulation scheme implemented on the modems enables the separation of multipath arrivals characterized by
different delays, which appear at the receiver as signal components at different frequencies. The modem measures the
integrity1 of each arrival, and returns a list of the measured
delay and integrity of the up to eight strongest arrivals.
Fig. 5 shows an example of multipath recorded by the modem. Each pair of columns displays the time of arrival in ms
(left, which would align with the propagation delay of the arrival if the transmitter and receiver were synchronized) and
the integrity (right) of each recorded arrival. Fig. 5a refers
to a transmission carried out before applying any phonoabsorbing material, whereas Figs. 5b and 5c represent two
outcomes of a packet transmission in a fully-coated tank.
We clearly notice a strong reduction of the multipath for
the second and third transmission, whereby not only the
number of recorded paths is less than eight, but there also
exists a clearly distinguishable arrival, which is sometimes
the only one (as in Fig. 5c). We also note that the first
path in Figs. 5b and 5c is not as apparent in Fig. 5a. This
is probably due to the negative superposition between secondary paths and the direct path. Secondary paths have a
much more limited effect after applying the coating.
However, this is not the only impact of the phono-absorbing
coating. Being able to reduce the energy of multipath arrivals with respect to the line-of-sight arrival has also the
effect to make integrity values more stable over time, and
translates into more reliable links. In order to demonstrate
1
The integrity is a function of the peak value of the crosscorrelation between the received physical layer preamble of
each arrival and the preamble template, and can achieve a
maximum value of 512.
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Figure 6: Evolution of the integrity of multipath arrivals over time as measured by the firmware of the
EvoLogics modem for link 1 → 2. Panels (a)–(c) refer to SL1; panels (d)–(f ) refer to SL2. Left panels:
uncoated tank; center panels: bottom and wall coating; right panels: full coating.
this, we show in Fig. 6 the evolution of the integrity measured by node 2 when it receives packets from node 1. The
first row of three figures is obtained by setting the source
level SL1, whereas the second row refers to SL2. In both
cases, we measured the integrity of the multipath arrivals in
the absence of phono-absorbing coating (Figs. 6a and 6d), in
the presence of bottom and wall coating (Figs. 6b and 6e),
as well as with a fully coated tank (Figs. 6c and 6f). Each
figure depicts the three-dimensional plot of the integrity of
each path over time as a function of the arrival delay of that
path, referred to the delay of the first arrival. One multipath measurement is taken for each transmitted packet:
these snapshots are reported sequentially as a function of
the time epoch when the transmission was carried out.
We start from Fig 6a, where we notice that no clearly
prominent path exists, and in any event no path achieves
a significant integrity.2 In this case, it is almost impossible
for the receiver to lock onto a clean signal, and in fact no
correct reception is obtained in our experiment (see also Table 3). The application of the coating to the bottom and
walls of the tank (Fig. 6b) already improves this situation
considerably. Now a clear line-of-sight path with integrity
above 200 exists; however, its quality oscillates over time,
and multipath mitigation is still imperfect, as we still detect
a significant component (corresponding to the surface reflection) that achieve an integrity of slightly less than 200. The
quality of the link improves even more after the application
of the surface layer (Fig. 6c), which considerably attenuates
2

A rule-of-thumb for achieving a correct reception with the
EvoLogics modem is that at least one multipath component
exists with an integrity greater than or equal to 200 [6].

the surface reflection, and leaves a clean direct path with
integrity between 250 and 300, with minor secondary reflections reaching an integrity of about 100 or less.
When we switch the source level to SL2, we observe a
slight improvement in the absence of phono-absorbing coating (Fig. 6d), as in a few cases there exists a clear integrity
peak corresponding to a clean signal that the receiver can
acquire. This reflects the small but non-zero PDR equal
to 0.12 reported in Table 3. When the neoprene coating
is applied to the walls and bottom (Fig. 6e), we observe
a situation similar to the case of SL1, except that the integrity of the line-of-sight path is slightly lower on average.
This and the presence of occasionally significant reflections
on the water surface concur to a PDR equal to 0.74, lower
than achieved in the case of SL1. In fact, the application of
the surface layer (Fig. 6f) mitigates multipath considerably.
The higher source level than SL1 provides a clean (albeit
oscillating) direct path with an integrity mostly above 300,
and occasional secondary paths with integrity 100 or lower,
several ms later than the line-of-sight path.
We finally emulate a near-far scenario in the tank setup
of Fig. 4 by wrapping a layer of neoprene rubber around
node 2. This makes link 1 → 3 strong and link 2 → 3 weaker
but still usable. We then have node 1 transmit 100 packets
sequentially, and node 2 transmit 50 packets superimposed
to the last 50 of node 1. The test showed that link 1 → 3
still works despite the interference from node 2, whereas
reception stops if the neoprene wrap is removed. Moreover,
as expected, increasing the transmit power of node 2 with
respect to that of node 1 makes node 3 receive only from
node 2 when it transmits together with node 1, as expected.

4.

CONCLUSIONS

In this paper, we presented a detailed survey of phonoabsorbing materials suitable to be employed for multipath
mitigation in a small-sized and low-cost HDPE tank for preliminary in-lab experimentation of underwater networking
protocols and systems. After a balance of pros and cons, we
chose to employ neoprene rubber for its good echo reduction and internal absorption properties. We measured the
performance of the coating in terms of the PDR achieved by
underwater acoustic modems placed submerged in the tank
in three cases: no coating; tank walls and bottom coating;
full coating, including a subsurface layer.
From our experimental results, we can conclude that the
neoprene rubber serves well the purpose of mitigating multipath inside the tank, and considerably increases the reliability of the acoustic links. We believe this makes our solution
a good low-cost alternative to larger and more expensive
tanks or pools, which would require a sizeable infrastructural investment. Future work includes mitigating the echo
originating at the interface between the outer walls of the
HDPE tank and air.
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