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ABSTRACT
The underwater acoustic channel exhibits many challenges
for communications. Since the underwater environment is
becoming crowded with both static and mobile users, ad-
ditional noise is produced in the channel by the physical
components of the nodes. In particular, the noise generated
by vessels causes interference to the packets transmitted by
the acoustic modems, with a consequent increase in packet
loss. This paper proposes methods for the simulation of the
additive noise introduced by vessels traveling near or inside
the network area. Specifically, the simulations include the
presence of an Autonomous Underwater Vehicle (AUV) and
a cargo ship, distinguished by their own noise patterns, in an
underwater acoustic sensors network. All simulations have
been performed with the DESERT Underwater framework.

KEYWORDS
Underwater acoustic networks; acoustic noise modeling;
DESERTUnderwater; network simulations, multimodal acous-
tic networks.

1 INTRODUCTION
Generally, underwater assets include both static nodes and
mobile nodes, such as Autonomous Underwater Vehicles
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(AUVs) and Remotely Operated Vehicles (ROVs) [1], that
transmit and receive data through acoustic or optical signals.
While low-frequency acoustic signals [2] are used for con-
trol and monitoring traffic in long range communications,
high-frequency acoustic [3] or optical signals [4] are used
for data transfer in short range communications [5, 6]. Un-
derwater acoustic networks are subjected to several external
factors, that weaken the communication quality between
transmitting and receiving nodes. One of these factors, that
has not been exhaustively studied yet, is the impact of vessel
traffic inside or near the network deployment. Indeed, the
crafts traveling in proximity of a given network introduce
an additive noise1 component to the Signal-to-Noise Ratio
(SNR) evaluation of the links, since machineries, propellers
and physical phenomena, such as cavitation, lead to emis-
sions of acoustic vibrations. Moreover, these vibrations have
a behavior similar to that of the acoustic signals generated
for transmission, so they follow the same propagation model
proposed for the underwater acoustic channel [7]. Tradi-
tionally, in the simulation of an acoustic channel, the level
of vessel noise is specified by setting the shipping factor,
which changes the noise magnitude linearly in the decibel
domain [8]. This approach is used in most of the state-of-
the-art underwater network simulators, like Aqua Net [9],
UnetStack [10] SUNSet [11], and DESERT Underwater [12].
However, these simulators neither characterize the shipping
effect of different cargo types, nor react to events, like a new
ship arrival/departure. Ns3 [13] provides the capability to
model noisy nodes in the electromagnetic field, but its un-
derwater library (UAN [14]) does not include the possibility
to simulate any noisy vessels moving along the network.

1In this paper we refer to noise as the interference created by external
sources, such as vessels, not related to the communication system but still
affecting it.
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The DESERT Underwater Framework [12], based on the
MIRACLE extensions [15] of the network simulator ns2,
serves as an affordable and effective tool for underwater
network simulations: in this paper, we propose a method to
better simulate the influence of vessels on acoustic commu-
nication. With this auxiliary factor in the simulator, we can
better model the behavior of networks that undergo vessel
traffic with high probability, like those near coasts or near
off-shore facilities.

In Section 2, we present a noise model for different crafts,
based on their nature and building characteristics, and in
Section 3 we describe how this model is introduced in the
DESERT Underwater Framework. In Section 4, we propose a
network scenario that contains both a ship and an AUV, and
enables us to evaluate the effect that artificial noise has on dif-
ferent frequencies. In Section 5 we show the results obtained
with the configuration explained in Section 4, evaluating ben-
efits and disadvantages of using medium-frequency instead
of low-frequency acoustic links in such a noisy environment.
In Section 6 we finally draw our concluding remarks.

2 NOISE ANALYSIS AND MODELING
For modeling purposes, nodes should be distinguished by
their mobility and, if mobile, by their type of propulsion. In
ourmodel, wewill consider the noise caused bymobile nodes,
making a further distinction between ships and AUVs, since
building characteristics and type of engine are significantly
different.

2.1 Noise caused by ships
The previous version of DESERT Underwater lacks an imple-
mented model that can distinguish the vehicles with respect
to their construction characteristics, such as propulsion type,
draft, length, and year of construction.2 Furthermore, an-
other important aspect to take into account is the impact
of traveling speed of the vehicle on the noise generation.
The AQUO Project results [16] offer a ship noise analysis
useful to satisfy these requirements. Essentially, the noise is
decomposed into three major aspects: machinery, propeller
and cavitation.

This distinction leads to a helpful model, which considers
both the size of the vehicle and the traveling speed. Specifi-
cally, the machinery and propeller components of the noise
directly depend on the building characteristics of the ship,
and the cavitation appears only when the propeller reaches
the cavitation inception speed. This phenomenon consists in
the development of bubbles around the propeller blades, that,
both when they are generated and when they collapse, radi-
ate a specific signal pattern, that increases considerably the

2Cargo boats built in the late ’70s are more noisy than modern ships built
after 2000 [16].

noise above 200 Hz. In particular, the frequency of higher cav-
itation noise shifts to lower frequencies, but still can impact
those that are used for communications.
The patterns are identified by the reference length of the

craft and by the cavitation inception speed, different for each
type of vessel. Also, the ships considered for this model are
large commercial vessels which include cargo ships, cruise
ships and ferries.

Moreover, as shown in [16], the vessels have different tech-
nical specifications and the components, in general, operate
at different frequencies. For example, the machinery noise is
predominant at low frequencies, unlike the cavitation and
propeller noise, so that the frequency domain can be divided
in two different regions by a cutoff frequency, fmach. In the
first interval the noise is assumed flat, whereas in the second
interval it decays by a factor K2 per decade:

SDmach(f ,V ) = K1 + K2 log f + K3 logV (1)

where Ki are the weighting coefficients for each type of ves-
sel (some examples can be found in [16]), V is the velocity
of the vessel, f is the frequency. Also the equations for pro-
peller noise and cavitation noise, presented in (2), have a
structure similar to Equation (1).

SDprop (f ,V ) = K4 + K5 log f + K6 logV
SDcav (f ,V ) = K7 + K8 log f + K9 logV .

(2)

For example, we report in Equation (3) the formulas ob-
tained in [16] for the noise of a cargo ship (length 180 m,
with a cavitation inception speed of 10 kts), used as the noise
source in all the simulations presented in this paper.

SDmach(f ,V ) = 186 − 22 log f + 15 logV
SDprop (f ,V ) = 156 − 30 log f + 50 logV
SDcav (f ,V ) = 129 − 20 log f + 60 logV .

(3)

The total radiated noise is given by

SDTOT = 10 log
(
10

SDmach (f ,V )
10 + 10

SDprop (f ,V )
10

+ 10
SDcav (f ,V )

10

)
+ 25 log

(
L

Lr ef

) (4)

where L is the length of the vessel and Lr ef is the reference
length equal to 180 m.

The provided models have a similar behavior to the Ross
model [17] but, in addition, the formulas are weighted to
the specific pattern obtained during sea trials, and they are
directly dependent on the ship velocity.

In Fig. 1 we show the plot of Equation (4), using the model
for a cargo whose formulas are given in Equation (3).
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Figure 1: Noise power spectral density for a cargo ship
of length 180 m, traveling at 15 knots of speed.

2.2 Noise caused by AUV propellers
The AUV noise heavily differs from ship noise for both mag-
nitude and components. Indeed, here the propeller velocity
is much lower than in ships, thus the cavitation phenomenon
does not appear in these devices. Moreover, the AUVs make
use of electric power instead of diesel, so the vibrations of
the hull are significantly lower.

There are no available models to represent the AUV noise
so far, so we created a new one, starting from [18], which
provides experimental results obtained with hydrophones
mounted on the hull. This research offers two different set-
tings for AUV noise: the first one is derived from an old AUV
from Bluefin Robotics [19], the second one is the same AUV
with slight custom modifications both in the propeller and
in the gearbox, in order to decrease the emitted noise.

By fitting the retrieved data of both AUVs with polynomial
curves, we obtain two models, depicted in Fig. 2 for the high
noise AUV, and in Fig. 3 for the low noise AUV.

Only the noisier model has been inserted in the simulator,
as the latter does not influence the acoustic link, since in
this case the effect of the AUV can only be appreciated at
small distances. The model for the noisy AUV is presented
in Equation (5).

SDAUV =


10 log(113.392 − 0.01399f

+1.686 · 10−6 f 2

−7.119 · 10−11 f 3),
for f ≤ 7982.5 Hz

10 log(72.99) for f > 7982.5 Hz
(5)

3 VESSELS NOISE INCLUSION IN DESERT
UNDERWATER

The effects of noise caused by external sources, such as AUVs
or ships, have been included in the DESERT Underwater net-
work simulator in two different ways. The former, presented

Figure 2: Model for noisy AUV, pre-modifications.

Figure 3: Model obtained for less noisy AUV, post-
modifications.

in Section 3.1, includes the models presented in Section 2
in a new physical layer, called uwphysicalnoise. The latter,
presented in Section 3.2, uses external lookup tables (LUTs)
containing real field measurements of the additional external
noise, without employing any mathematical model.

3.1 Ships and AUV noise model inclusion
Both the models described in Equation (4) and Equation (5)
have been included in the SNR evaluation of a new physi-
cal module of the DESERT Underwater Framework, called
uwphysicalnoise, in order to add the acoustic signal caused
by the propellers to the existing background noise.3 Specifi-
cally, we insert the list of the noisy nodes together with their
position in the physical layer of each node of the network.
This makes it possible to calculate the noise caused by ships
and AUVs at the receiver, taking into account the propaga-
tion loss due to the distance between the noise sources and
the receiving nodes, calculated at each packet reception.

Considering that the noise may be described by a generic
function in the frequency domain, we need to numerically
integrate the spectrum level given by the models over the
3Both the background noise and the channel model considered in this paper
are presented in [8].
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Figure 4: Noise slicing for AUV propellers, as repro-
duced from [18].

transmitting bandwidths. Since the integral is calculated
every time a packet is received, we need to carefully select
the parameters of the numerical integration, because there
is a trade-off between computation time and precision of the
results.

3.2 Additional noise inclusion as set of
interfering packets

In order to be more general and let the user add the noise of
a measured source, we present how to include in DESERT
Underwater an external noise generator. In this model, the
frequency spectrum is divided into sub-bands such that the
noise can be considered constant in these frequency intervals.
This is required due to the fact that noise has an exponential
behavior in the frequency domain and, for the implementa-
tion proposed, we need to include in the simulator constant
values. As a use case example, the division of the noise caused
by the AUV propellers is depicted in Fig. 4, and included in
DESERT in the form of a lookup table (LUT).

In order to include such acoustic source in DESERT Under-
water, we considered the noise as a set of jamming signals
operating in the spectral masks determined during the noise
slicing process. Since the DESERT Underwater Framework is
an event-based simulator, where the events are represented
mostly by packets, the noise signal could be implemented as
the transmission of subsequent packets, lasting for all the
simulation time. In this way the artificial noise is considered
at the physical layer as interference, and placed in the signal
to noise and interference ratio (SINR), calculated as the ratio
between the power of the signal containing the real packet,
and the sum of the environmental noise and power of the
interfering packets. In particular, in the list of interfering
packets we consider both the actual interfering packets and
the packets generated to simulate the artificial noise.

In order to make the noise signal last for all the simulation
time, we can either use several subsequent small packets
transmitted with a bitrate that lets them cover all the trans-
mission period, or send just one long packet that lasts for

all the simulated time. There are two major consequences
in adopting these methods. First, the generation of dummy
packets influences the execution time, since all these events
are inserted in the scheduler and the transmission powers
are included in the interference module of the physical stack
in each node. Second, the node position at which the packet
is transmitted is included in the header packet, thus, once
the packet is sent, it contains statically the coordinates of
the interfering node. This last aspect, in particular, demands
that we make several considerations during the simulation
modeling. Indeed, the solution with just one long packet
imposes the interfering node to be static, since the positions
are not upgraded and the noise power value is constant. A
solution to this problem could be to dynamically adapt the
length of the packets to the mobility pattern, i.e., sending
shorter packets when the node is moving and longer packets
when the node stops in a position for a long time.

In order to exploit such a model based on noise packets, a
jammer module for the MAC layer was implemented, to let
the noise generating node transmit regardless of the trans-
mission policies used in the network. Indeed, suchMAC layer
discards all the packets received from the physical layer, and
transmits either noise or jamming packets as soon as they are
generated. The former packets are used for emulating con-
tinuous noise generated during a long period of time, while
the latter are employed to simulate high power jamming
packets lasting for a short period. To this aim, in the physical
module, the noise packets are not sent up to the other layers,
so that only the transmission power of these packets is taken
into account in the interference module.4 Otherwise, if the
packets are intended to be generated for explicitly denying
communications on the acoustic links (jamming packets),
they are forwarded to the upper layers and discarded for
different reasons than the nature of the packet, such as the
wrong destination or wrong data type. Thus, the transmis-
sion of data packets can occur on top of other packets created
for disturbance. In the case of AUV propellers noise, several
packets are transmitted in parallel, at the power and the
bandwidth given by the slicing presented in Figure 4.

4 SCENARIOS AND SIMULATION
PARAMETERS

To better understand the influence of a craft traveling near
or inside the network with respect to the spectrum used
for transmission, we implemented two different networks,
whose results lead to different insights.

Initially, we consider a simple networkwith just two nodes,
described in Section 4.1, and then extend our analysis to a

4In this way all the DESERT MAC modules can be employed in the simula-
tions without any change in the preexisting code.
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more complicated case, presented in Section 4.2, with a net-
work composed by 2 nodes equipped with medium frequency
acoustic modems (MF), 2 nodes equipped with low frequency
acoustic modems (LF), and one modem equipped with both
MF and LF. All the simulations have been performed with
the DESERT Underwater network simulator.
The noise injection was modeled with the mathematical

evaluation for the ship noise, directly included in the SNR
calculation at the reception of each packet (detailed in Sec-
tion 3.1), and with long interfering dummy packets for the
AUV noise (method presented in Section 3.2), since we con-
sider the AUV to keep a fixed position in proximity of one
of the nodes of the network.

We should note that the two scenarios have different pur-
poses and their results should not be compared without con-
sidering the topologies. Indeed, the main differences between
these networks are the number of transmitting nodes and
the distances between nodes of different transmission modes
(in scenario 2 the distances between LF nodes are twice the
distances between MF nodes). This approach was driven by
different goals: the first scenario was developed to study the
two technologies in the same conditions (i.e., same transmis-
sion power and same distance); the second scenario, instead,
outlines a generic multi-modal network where the technolo-
gies are employed for different reasons (long range commu-
nications for LF frequencies, short range communications for
MF frequencies with higher bitrate available to the nodes).

4.1 Scenario 1: single acoustic link
In the first scenario we consider a simple network with just
two nodes, communicating with a CSMA 1-persistent MAC
protocol. Both nodes are equipped with both MF and LF: the
parameters of carrier frequency and bandwidth are reported
in Tab. 1. The transmitting parameters, that cover the PHY
specifications, are picked following the characteristics of
two acoustic modems available on the market: Develogic
HAM.NODE [2] for LF and EvoLogics S2C 18/34 [20] for MF.

The two nodes are placed 3 km apart and deployed at the
same depth of 100 m, while a cargo ship is initially placed at
a distance of 200 m from Node 1 and 3 km from Node 2 and
suddenly moves towards Node 2, with a constant speed that
varies at each simulation run. The ship propeller (considered
as a source of additional acoustic noise) is assumed to be
placed at a depth of 5 m. Node 1 works as the sink of the
network, as it collects data packets fromNode 2. The network
topology is depicted in Fig. 5.
With this configuration we can better understand the in-

fluence of an artificial craft on a single acoustic link, without
worrying about different behaviors introduced by transmis-
sion and routing protocols. Of course, we expect a decay in
the link quality as the ship approaches the sink.

Table 1: Summary of the simulation parameters

Parameter Value

Sim duration 100000 s
LF carrier frequency 3.5 kHz
LF bandwidth 2 kHz
MF carrier frequency 23 kHz
MF bandwidth 16 kHz
TxPower 180 dB re µPa2
Packet Size 125 byte (=103 bit)
Bitrate LF 1 kbit/s
Bitrate MF 4.8 kbit/s
Packet period 30 s

Figure 5: Scenario 1: network topologywith twomulti-
modal nodes. The dotted line is the path traveled by
the ship.

Since the velocity of the cargo ship is a variable that affects
the shipping noise, it can change significantly the link qual-
ity during transmission. For this reason, we made several
simulations with different vessel speed values, to evaluate
the effect of different configurations. The influence of the
noise caused by a cargo ship on the performance of a single
acoustic link is analyzed in Section 5.1.

4.2 Scenario 2: multimodal acoustic
network

In the second scenario, we simulate a network with two sets
of nodes that operate at different frequencies: the former
set at LF, composed by Node 1, Node 2 and Node 3, with
fc,LF = 3.5 kHz, and the latter at MF, composed by Node 3,
Node 4 and Node 5, with fc,MF = 23 kHz. In each network,
there are three nodes and, in particular, we model Node 3 as
a multimodal node, which transmits at both low and high
frequency, by placing two superimposed nodes. The topology
of the network is shown in Fig. 6, where the multimodal node
is placed in position x = 2000 m and y = 2000 m. Such node
acts as a hub in a star topology: the routing table used in this
network is presented in Table 2.
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Figure 6: Scenario 2: topology of LF and MF networks.
The dotted red line is the path traveled by the ship.

Table 2: Routing table for both LF andMF networks in
scenario 2. Node 3 is the hub in the star topology.

MF Network
Source Dest. Gateway
1 2, 3 3
2 1, 3 3
3 1 1
3 2 2

LF Network
Source Dest. Gateway
3 4 4
3 5 5
4 3, 5 3
5 3, 4 3

In this scenario, a ship travels at a speed of 15 knots along a
specific path (shown in Fig. 6 as a red dashed line), and passes
over the hub node and then moves away from the network.
The simulation period was shortened to 30000 seconds, so
the vessel influences the transmissions of at least 2/3 of the
simulation period (thus we can observe more clearly a decay
with the insertion of artificial noise). Instead, in the first
instance of this scenario the AUV is static and its propellers
are placed at a distance of 1.5 meters from the hub node, as
we want to simulate the hub node to be the AUV itself. In
a second instance of this scenario, the AUV moves in the
proximity of the hub node, this time assumed to be deployed
from a fixed buoy, in order to inspect at which distance the
AUV noise impairs the communication.

Table 3: TDMA parameters used in scenario 2

Parameter LF MF

Frame duration 21 s 15 s
Number of slots 3 3
Slot duration 7 s 5 s
Guard time 5.5 s 3 s

The MAC layer employed is TDMA: two different configu-
rations (reported in Table 3) are employed for the LF and the
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Figure 7: Packet Delivery Ratio with vessel traveling
in the network shown in Fig. 5. The distance in the
x-axis is referred to the distance between Ship and
Node 1 (sink).

MF networks and a guard time is placed between consecutive
time slots in order to avoid packet collisions.

5 RESULTS
In this section, we present the results of the simulations
described in Section 4. In particular, in Section 5.1 we report
how the ship velocity affects the noise in an acoustic link,
while in Section 5.2 we discuss how the noise caused by
an AUV and a cargo ship passing close to the nodes of the
network influences the communications.

5.1 Influence of vessel speed in an acoustic
communication

In Fig. 7 we present how a cargo vessel speed changes the
shipping noise and, therefore, how it impairs the acoustic
communication. In particular, we analyze the Packet Deliv-
ery Ratio (PDR), defined as the probability that a packet is
received at the destination without errors, as a function of
the distance between the noisy vessel and the sink (Node 1).

From the results, the speed turns out to be one of the most
significant parameters that change the link quality between
nodes. The velocities used in these simulations are 10 m/s
(19.4 knots), 7.717 m/s (15 knots), and 4.63 m/s (9 knots). We
highlight that 15 knots is, normally, the average traveling
speed of a cargo vessel (type of craft used for this simula-
tion), instead 9 knots is a speed just below the cavitation
inception speed, so that in this case the cavitation noise com-
ponent does not appear in the comprehensive formula for
the radiated noise (Equation (4)).

Another important aspect is that, typically, the LF modems
are used for long range communications at low rates, whereas
the MF frequencies support a wider bandwidth, but are also
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Figure 8: Results from the second scenario: PDR vs
transmission power.
more subjected to absorption loss, due to the frequency-
selective nature of the channel [8]. In this simulation, the
nodes are close to the maximum range of the MF communi-
cations and less than half of the maximum range of the LF.
For this reason in this scenario the MF has a higher decay
than LF. We expect LF to have a behavior similar to MF if
we place the node at a further distance.

5.2 Influence of shipping noise in a
multimodal network

In Fig. 8 we present the overall PDR obtained in scenario 2
varying the transmission power of the nodes. The PDR has
been obtained considering different sources of noise, for both
LF and MF networks. The transmission power plays a key
role in this study because it determines the level at which the
nodes have to transmit to overcome the noise caused by the
vessels. First, the simulations were runwithout the activation
of the craft noise, to obtain a starting point from which the
performance is expected to decay with the introduction of
additional noise sources. In each simulation, the power was
increased with an increment of 0.5 dB re µPa2, and the results
show that, at short range, the LF network can transmit more
efficiently, in terms of energy spent, than the MF network.
Actually, we see that an improvement in PDR is at a lower
transmission power for the LF network (at least over 180 dB
re µPa2), but we have to consider that the two sub-networks
have different distances, in particular longer between the LF
nodes. With the introduction of external artificial noise, the
performance of both networks drops. In particular, we can
observe that LF reacts better than MF in the scenario with
only AUV noise. Differently, with only ship noise, MF reacts
better than LF. However, this scenario is also affected by the
amount of time the nodes are exposed to the ship noise, that
is bigger for LF than for MF.
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Figure 9: Overall packet delivery ratio when the ship
is moving from x = -2500 m to x = 11500 m. The LF
nodes are represented as blue circles and theMFnodes
as green squares.

At first, it seems that the AUV noise has a higher impact
on the reception of data packets, but we should consider
that, in this configuration, the AUV is in close quarter for the
entire simulation, thus it is expected to be the major cause
of packet dropping for the links from the outer nodes.
In Fig. 9 we present the instantaneous behavior of the

system when varying the ship position: in particular we
plotted the instantaneous overall packet delivery ratio when
the ship is moving from x = -2500 m to x = 11500 m with a
traveling speed of 15 knots (7.717 m/s), when both LF and
MF modems are transmitting with a power of 180 dB re µPa2.
In this figure the AUV noise is not considered.

When the ship is close to the hub, i.e., for x = 2500 m, the
PDR goes down for both the LF and MF networks, because
the noise generated by the ship decreases the link quality.
In particular, most of the packets intended for the hub are
not received correctly, and the PDR is close to 33%. Indeed,
packets transmitted by Node 1 can be intended for either
Node 2 or Node 3. When the destination is Node 3, the pack-
ets are not received correctly because of the ship noise. If
the destination is Node 2, the packets are first transmitted
to the hub (Node 3) to be then forwarded to Node 2, but
these packets are lost in the first transmission from Node 1
to Node 3. Similarly for the packets transmitted by Node 2.
Only the packets transmitted by Node 3 to Node 1 and Node 2
are received correctly, because they are not affected by ship
noise. The behavior of the LF network is similar to the one
just described for the MF network. When the ship moves
farther away from the hub, the PDR increases because the
noise power of the ship becomes lower. Between 4700 m and
7000 m we experience an increase in the link quality of the
LF network. Indeed the ship is found in a position that does
not interfere with the reception of packets, neither from the
hub nor from the other LF nodes. As soon as the craft reaches
the longitude of the satellite LF nodes, the performance of
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Figure 10: Overall packet delivery ratio when the AUV
is moving from x = 2480 m to x = 2520 m.
the LF network decreases, since now the ship has shortened
the distance enough to lower the SNR of those nodes.
Furthermore, we need to analyze the influence of AUV

noise on the network without considering ship noise. Indeed,
AUV noise power is lower than ship noise, so it starts to
impair communications at a much lower distance, since the
propagation affects even the noise signal. The results of the
simulations, performed with the same procedure of Fig. 9,
are given in Fig. 10, which presents a closer view on the
x-axis. From the comparison between Figure 9 and Figure 10
we can observe how the ship noise affects more the LF com-
munication, while the AUV noise the MF communication,
confirming the trend presented in Figure 8.

6 CONCLUSIONS
In this paper we presented a way to simulate the injection of
noise in an underwater network, working with the DESERT
Underwater Framework. The noise was introduced through
a lookup table, where each entry corresponds to a noise level
for a specific carrier frequency for the AUV crafts, and via
mathematical models for ship vessels. The ship models were
obtained from the research of the AQUO Project; instead, for
characterizing the AUVs, we used Zimmerman’s data trials.

The results revealed that the lower frequencies react worse
than the medium frequencies to the noise caused by a cargo
ship, but better to the noise caused by an AUV. Further works
will inspect how a multimodal network can be employed in
this scenario to overcome the noise issue, by switching be-
tween LF and MF according to the surrounding noise sources.
Other interesting items for future work include the enhance-
ment of the noise representation as a set of interfering pack-
ets by adapting their length to the mobility pattern of the
nodes, as well as the addition to the noise model of the me-
chanical noise which is generated by collisions or banging of
metal parts, such as the banging between chainrings around
the acoustic modem.
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