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|.  To increase the scientific excellence and innovation capacity of
UoM within three strategic research domains related to
underwater sensor networks (USNs):

S peCIfI ¢ P rOJ eCt I.  Communication protocols and security
Objectives I USN data procesin

Mobile USNs

Il.  To create a framework for sustainable collaboration between
UoM and the leading partners through joint research actions;

Ill.  To significantly increase UoM scientific involvement, innovation
potential, and broad visibility.

IV. To strengthen the research management capacities of UoM.

EMRA 2024, 28th May 2024, Arenzano, ltaly
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The overall approach towards reaching excellence in the above-define
SRDs at UoM is based on the following measures for research know-

Know-how how exchange:

1 Staff exchanges - UoM research staff visiting partner
exCc h a nge institutions.

J Expert visits from the leading partner institutions to UoM -
transfer of the highest quality theoretical knowledge in the
USN field;

1 Trainings - work with USN equipment; hands-on experience
and practical knowledge transfer.

EMRA 2024, 28th May 2024, Arenzano, ltaly
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Chaos-based acoustic signal modulation techniques

d UoM and UNEW researchers designed waveform patterns
based on chaotic signals, which not only tolerates low signal-
to-noise ratio and severe multipath but also improves

_]Oi Nt reseaq rCh communication security.
. d The proposed waveforms exhibit a noise-like spectrum,
actions making them less detectable for eavesdroppers.

d They are also less disruptive to marine life than more
deterministic signals.

. o

l N "'\. - [ Successful field trials were conducted in the North Sea,
i I reinforcing the system’s viability for operational use.
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1. https://zenodo.org/records/10850770

” 2. https://zenodo.org/records/10215214
3. https://zenodo.org/records/7747509
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Security in underwater sensor networks

d Focused on providing efficient means of authentication and key-
exchange in clustered UASNs with mobile sensor nodes.

JOInt researCh 3 In this scenario, the need for lightweight and fast authentication is
particularly pronounced because nodes frequently switch between

d Ct IONS surface gateways due to mobility.

d In the proposed network architecture surface gateways form a
blockchain network to maintain network information and provide
distributed certificate authority services for sensor nodes.

d The implementation of a blockchain network eliminates the need for
reauthentication in case of cross-cluster mobility. It also provides
protection against replay attacks.

. sSRabialB Geneeie ® IR MR MRRteSI8EP; ARG EA M Key

Management Protocol for Underwater Acoustic Sensor Networks" has been accepted
for publication in IEEE Access
2. https://zenodo.org/records/7747513

EMRA 2024, 28th May 2024, Arenzano, ltaly
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Path following of single USV

J Adaptive observer-based Line-of-Sight (LOS) guidance laws for straight-line and
curved path following of underactuated USVs with sideslip compensation have
been proposed.

d The sideslip angle is treated as an unknown system state and is estimated along
with the path following errors using an adaptive Kalman-like observer.

J Ol nt researc h J Features: stronger stability properties, faster convergence and smaller path
. following errors compared to the existing methods.
actions

d Solutlpn for s;ral(%ht Ilng ggllowg\g is tested on a reaI vehlcle Jn Genoa
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Joint research
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Cooperative path following of multiple USVs

J  The control objective is to force a group of USVs to follow a set of parameterized paths
while maintaining the desired formation pattern.

J The cooperative guidance law for straight-line formation path-following in presence of
ocean currents is proposed.

J The references paths are synchronized using the distributed observer, while the
observer-based LOS guidance laws and nonlinear velocity laws are proposed to
minimize the cross-track errors and compensate for the sideslip.

d Preliminary results for curved path following are also obtained.
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Cooperative control of unmanned vehicles

“

i

J Several distributed control protocols have been devised to address various
cooperative control problems in USNs consisting of AUVs and/or unmanned
USVs organized in a leader-follower manner.

1 For instance, bipartite output containment control is addressed, where the
main task of the leader vehicles is to detect hazardous areas and generate

J Ol nt resedarc h the proper trajectories to steer away the followers to a safe region.
. J The proposed protocol ensures that the outputs of the follower vehicles
d Cth NS converge to the convex hull generated by the leader vehicles’ trajectories

and their symmetric counterparts.

B e et et J The unique feature of the proposed protocol is that controllers embedded in
L@ Folowes the followers do not share internal information.
2 Z —— 1) https://zenodo.org/records/8226549

2) https://zenodo.org/records/11264739
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Communication protocols for event-driven UASNs

Obijective: provide a solution to the joint control problem of how to optimally set the
system parameters of the sleep-wake scheduling protocol and the anycast packet-
forwarding protocol to maximize the network lifetime, subject to a constraint on the
expected end to end packet-delivery delay.

d Focus on asynchronous sleep-wake scheduling protocols - the sleep-wake
schedule at each node is independent of that of other nodes.

3  Advantages: A synchronization procedure or a secondary low-power receiver is
not required.

A Challenges: Nodes lack awareness of each other's schedules, causing potential
delays as nodes wait for their next-hop neighbors to wake up before transmission.

d NMV3 acoustic modem simulator developed by the Newcastle University team to
facilitate network protocol verification — allows integration of hardware nodes
within the simulation environment.

d The developed solutions will undergo verification through sea trials to ensure real-
world applicability and effectiveness.

1. https://zenodo.org/records/10850812
2. https://zenodo.org/records/10850803
3. https://zenodo.ora/records/10215194
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d MONUSEN project places a significant emphasis on strengthening links
with industry and USN end-users.
d

EMRA (EU-funded marine robotics and applications) workshop will be
organized each year by one of the project leading partners and serve as a
meeting place for researchers, marine research stakeholders, and industry.

d  EMRA 2022 was co-organized from 15 to 16 June 2022 in Southampton, UK.

Q 26 speakers from ongoing FP7/Horizon Europe projects, industry, marine robotics end-users, and
stakeholders.

a 150 participants from six countries and diverse sectors, such as marine robotics, oceanography, offshore

[ ]
N etWO r k I n g renewables, oil and gas, satellite communication, and the blue economy

Q EMRA 2023 was co-organized from 20 to 21 June 2023 at Sibenik, Croatia.

Eve n t S Q 16 EU project presentations,

Q 5 company presentations

a 2 round tables with policy makers

Q 100 participants.

d  EMRA 2024 has been co-organized from 28 to 29 May 2024 in Arenzano, ltaly.
Q 5 companies and 1 public administration
Q 23 project presentations

/w Q roundtable regarding the EC Research and Innovation funding instruments.

EMRA 2024, 28th May 2024, Arenzano, ltaly
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Three summer schools have been organized during the project's
lifespan:

J 25/09-02/10/2022, Biograd, Croatia

J  24/09 -01/10/2023, Kumbor, Montenegro

Networkin g 1 02/06 -08/06/2024, Kotor, Montenegro
Events

EMRA 2024, 28th May 2024, Arenzano, ltaly
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