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Navi senza pilota: dall’'automazione all’autonomia

Alessandro Concialini (CEO Seastema) - Presenta Luca Sebastiani (Head R&D)

Incontro di studio - “SOLUZIONI GIURIDICHE E PRATICHE ALL'USO DEI SISTEMI AEREI, MARITTIMI E TERRESTRI
AUTOMATIZZATI IN CAMPO CIVILE E MILITARE”, Macerata, 11 febbraio 2020
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Il progresso tecnologico dell’automazione navale dal controllo manuale all’'automazione integrata

* Manual Control. Manning levels are based on
continuous watch requirements
N
* Analogue Control. Manning levels reduced for US flag
vessels from 45 to 21
J
N
* Digital Control. 8 bit EEPROM chips with 16K of
assembly code. Single motherboards that are very
difficult to troubleshoot in operation )
* Distributed Control. Serial fieldbuses and plug in )
modules allowed automation of more ship processes
and less disruptive troubleshooting )
* Networked Closed Loop Control. Real-Time Ethernet )
reduces control and IT network integration efforts.
Unmanned machinery spaces are the norm y

£ SEASTEMA
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Il trend evolutivo dell’automazione navale dal controllo automatico al controllo autonomo

Sensing and Monitoring
Automated
Health and Performance Monitoring
Performance Optimization Smart
Software Integrity
: Semi-
Cybersecurity AUtONOMOUS
Machine Learning and Decision Making
Autonomy Autonomy

£ SEASTEMA AnTIER! company 8 ANIMC

: , a FINCANTIERI company @
Intellectual Property of SEASTEMA SpA. All Rights Reserved. CONFIDENTIAL Slide 4 h



Il trend evolutivo dell’automazione navale dal controllo automatico al controllo autonomo

Livelli di autonomia secondo MSC100

Autonomy level

Description

Stato attuale
delle navi
manned
mercantili e
militari piu
moderne

1 | Ship with automated processes
and decision support

Seafarers are on board to operate and control shipboard
systems and functions. Some operations may be automated
and at times be unsupervised but with seafarers on board
ready to take control.

2 | Remotely controlled ship with
seafarers on board

Seafarers are available on board to take control and to
operate the shipboard systems and functions.

The ship is controlled and operated from another location. z

3 | Remotely controlled ship without
seafarers on board

The ship is controlled and operated from another location.
There are no seafarers on board.

Stato attuale delle dei
dimostratori
tecnologici mercantili

Stato attuale degli
USV operativi

el e e e R Rt
] . I 4 | Fully autonomous ship The operating system of the ship is able to make decisions
Obiettivo v | and determine actions by itself.
finale —_—
Normative relative all'incremento dell’'automazione nelle operazioni navali
U Navigazione Integrata: Rules for One Man Bridge Operated (OMBO) Ships
(J Automazione Integrata: Rules for Periodically Unattended Machinery Spaces (UMS)
£ SEASTEMA
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Il contesto normativo per il controllo remoto / autonomo delle navi (navi ‘auto-remote’)

LR nel 2017 ha emesso il proprio “Design Code for Unmanned Marine Systems (UMS)".

LR nel 2017 ha rivisto la propria “ShipRight procedure for Cyber-Enabled systems” con I'emission della “ShipRight procedure for
cyber descriptive nots for autonomos & remote access ships” in cui si considerano esplicitamente le operazioni auto-remote.
DNV-GL nel 2018 ha emesso la propria guideline DNVGL-CG-0264 per la Notazione di Classe “Autonomous and Remotely operated
ships”

IMO nella sessione 100 di fine 2018 del proprio comitato MSC ha completato I'esercizio preparatorio sulla regolamentazione delle
navi unmanned e si propone a fine 2019 di stabilire la “way-ahead” piu appropriate per rivedere | regolamenti al fine di abilitare le
operazioni auto-remote (/la Guardia Costiera partecipa a questa iniziativa come rappresentante della delegazione italiana con il
supporto del DITEN dell’Universita di Genova e prossimamente di SEASTEMA).

o O 0O

' & unIMC
7;,}3‘ UNIVERSITA DI MACERATA
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Livelli di autonomia secondo il LR

LOID

ALO

= Manual — no
autonomous

AlL2 ALS

+*On and off- = "Active” = Human on = Fully = Fully
ship human in the loop — autonomous autonomous
decdision the loop operator (& rarely (& with no
support supenisorny supervised) supervision)

function

AL0)

Manual: No autonomous function. All action and decision-making performed manually (n.b. systems may have level of
autonomy, with Human in/ on the loop.), i.e. human controls all actions.

AL1)

On-board Decision Support: All actions taken by human Operator, but decision support tool can present options or otherwise
influence the actions chosen. Data is provided by systems on board.

AL2)

On &Off-board Decision Support: All actions taken by human Operator, but decision support tool can present options or
otherwise influence the actions chosen. Data may be provided by systems on or off-board.

AL3)

‘Active’ Human in the loop: Decisions and actions are performed with human supervision. Data may be provided by systems on
or off-board.

AL4)

Human on the loop, Operator/ Supervisory: Decisions and actions are performed autonomously with human supervision. High
impact decisions are implemented in a way to give human Operators the opportunity to intercede and over-ride.

ALS)

Fully autonomous: Rarely supervised operation where decisions are entirely made and actioned by the system.

AL 6)

Fully autonomous: Unsupervised operation where decisions are entirely made and actioned by the system during the mission.

£ SEASTEMA
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Livelli di autonomia secondo il DNV-GL

Per le operazioni di navigazione il DNV-GL prevede i seguenti livelli di autonomia

Autonomy level Description of autonomy level

M Manually operated function.

DS System decision supported function.

System decision supported function with conditional system execution capabilities (human in the

DSE loop, required acknowledgement by human before execution).

sc Self controlled function (the system will execute the operation, but the human is able to override
the action. Sometimes referred to as 'human on the loop'.

A Autonomous function (the system will execute the function, normally without the possibility for a

human to intervene on the functional level).

Per le operazioni di piattaforma il DNV-GL prevede i seguenti livelli di automazione a bordo al fine di supportare la
gestione dell'operatore da remoto

— automatic support (AS)
Operation of the vessel function by automation systems and personnel in combination. Automation
system(s) may partly or fully perform data acquisition, interpretation and decision. This mode is
a collective term for all variants of decision support where the automatic support function may
need complementary human sensing, interpretation or decision-making and where the action is not
automatically effectuated.

— automatic operation (AO)
Operation of the vessel function by automation system(s) without need for intervention by personnel.
Unwanted and unexpected events and situations (outside operational design domain) are automatically
handled by on-board safety system(s) to ensure the ship will remain in a safe state (within the last resort
MRCs). Personnel will supervise the operation and may intervene.

9 SEASTEMA a FINCANTIER! company @ unimc
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SAE Working Group per I'inquadramento e la standardizzazione del concetto di veicoli autonomi (ALFUS)

o mid level HRI

+ mid complexity, multi
functional missions

» moderate environment

.

Remote control

Single actuator — Single function — Single IM§ —>

Single actuator/
Subfunction

Environmental Complexity

Solution ratios on:

» Terrain variation

» Object frequency, density,
intent

» Climate

» Mobility constraints

» Communication
dependencies

ALFUS : Autonomy Levels for Unmanned Systems

— Singe funcion — Single UNS

Autonomy Level

Mission Complexity
» Subtasks, decision
¢+ Organization, collaboration
» Performance
» Situation awareness, knowledge

requirements
A\
I A\
\
\
4£=9

Human Independence
+ Frequency, duration
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Il concetto di autonomia secondo ALFUS

Sensing Perception Analysing

Level 0 Level 1&2 Level 3 Pl . Decision Acti Communi

fusion fusion fusion anning making cting cating

L I5 Most Most Most Most
eve Ship Ship Ship Ship
Most Most Most

Level 4 - Ship Shared Shared Shared Ship Ship
Most Most Most Most Most

Level 3 Ship Shared Man Man Man Shared Ship

Most Most
Man Man

Most
Level 2 Shared Man - -
AT

ALFUS-proposed levels of autonomy definitions

Most Most
Man Ship

£ SEASTEMA
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Stato dell’arte internazionale delle navi unmanned ad uso mercantile

Maritime Autonomous Surface Ships (MASS)

O La “Yara Birkeland”, una piccola portacontenitori specificamente progettata da Kongsberg Maritime per operazioni autonome, sara
varata nel 2020 ed eseguira una serie di prove in mare con equipaggio a bordo e controllo remoto da centro di terra.

U Wartsila ha recentemente dimostrato il controllo remoto di un piccolo supply vessel tramite link satellitare e ha provato in Norvegia su

di un traghetto la propria suite di navigazione autonoma.
O RR condotto test di navigazione autonoma (comprese le operazioni di doking/undocking) su di un traghetto in Finlandia con pilotaggic

remoto durante il viaggio di ritorno.

'

U ABB ha recentemente dimostrato il controllo remoto di un piccolo traghetto urbano.

6 SEASTE MA a FINCANTIERI company & unimc
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Stato dell’arte internazionale degli Unmanned Surface Vessels (USV) ad uso militare

Unmanned Patrol Vessels (UPV) e Naval Autonomous Surface Ships (NASS)

Q Il drone navale “Protector” prodotto dall’industria della difesa Israeliana, con 11m di lunghezza e 40 nodi di velocita massima, & gia
operativo presso le marine di diverse nazioni: offre parziale autonomia con controllo remoto da centro di controllo di terra dei sistem
di piattaforma / navigazione / combattimento.

U La classe “Vigilant” in forza presso la Marina di Singapore & al momento il drone navale operativo di maggiori dimensioni, con 17m di
lunghezza e 30 nodi di velocita massima: offre parziale autonomia con controllo remoto da centro di controllo di terra dei sistemi di
piattaforma / navigazione (non sono previsti sistemi d’arma).

O La US Navy sta conducendo una sperimentazione in mare sul “SEA HUNTER” che, con 40m di lunghezza, € piu grande mezzo navale
unmanned al mondo: offre parziale autonomia con controllo remoto da centro di controllo di terra.

£ SEASTEMA unIvc
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Stato dell’arte nazionale degli USV

U Progetto di ricerca SWAD a guida Oto Melara in ambito
DLTM per realizzazione prototipo di pattugliatore veloce
(oltre 50 nodi) da 12m di lunghezza unmanned con
possibile armamento leggero.

U Progettto di ricerca SAND in partnership tra
EffeBi, Meccano e IDS in ambito Regione
Toscana per realizzazione prototipo di
pattugliatore veloce da 16m di lunghezza :
unmanned con possibile armamento leggero.” =

O Progetto di ricerca MARIN a guida
Seastema in ambito Regione Puglia per
realizzazione del Dimostratore
Tecnologico di un veicolo unmanned
per il monitoraggio ambientale capace
di agire come piattaforma per droni
aerei e sottomarini.

Floating
pollutants

Unknown floating
object

O Progetto di ricerca UPV in partnership tra Uanmenned cope
. .. . urvey Surface Vessel
Fincantieri, Seastema e Cetena per studio (ucssv)

fattibilita di pattugliatore a controllo remoto |
da 90m su base Classe ‘Comandanti’

£ SEASTEMA
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Trend evolutivo degli USV

NASS
v Pay-load Semi- nomous
v Range Fully autonomous .
v’ Sea State Semji<autonomous e -
Fast UPV
te
Semi-autonomous B = 30kts
¢ 2 30kts
it
60kts
e ‘
- o e / ________________________________________________________________!\\\
10m 20m GAP 40m 60m LUSV 90m
|
Length
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La visione della Unione Europea sui MASS

= With a focus on first adopters (inland waterways, short sea shipping, ferries coastal operations and urban water
transport) develop and demonstrate to TRL7 a fully autonomous vessel within a realistic environment which
encompasses all necessary features including collision avoidance, interaction with waterway and/or port
infrastructure, interaction with waterborne traffic, connectivity, control, navigation and docking, condition
monitoring, smart maintenance and fail safe operation.

= Assess operability, reliability and failure scenarios for on board systems without human interaction on board, for
example; propulsion and machinery systems, auxiliaries, safety systems, navigation, connectivity/communication
and if appropriate, their connectivity/controllability from a remote operation centre.

= Develop validation, certification and safety assessment methodologies, tools to support autonomous ships and
system development.

= Safety assessment and demonstrate hazard avoidance using typical scenarios.

= Regulatory and legal requirements, including liability regimes, needed to operate autonomous waterborne transport
within the environments foreseen for the likely first adopters should be addressed.

= Cybersecurity solutions to enable secure safe and reliable data connectivity that are resistant to both malicious
intervention and system failure.

= Advance and demonstrate underdeveloped technologies such as for example situational awareness and actions to
alert in case of a potential unavoidable collision such as with a fast moving leisure craft.

= Address operations and establish a business case for the most promising vessel type and for other services likely to
be adopted at an early stage.

£ SEASTEMA & univc
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Le ‘key-functions’ del controllo auto-remoto MASS

funzioni proprie del controllo auto-

< remoto ancora in fase di sviluppo su cui
si sta focalizzando I'attenzione degli
attuali Dimostratori Tecnologici

— propulsion
— steering funzioni essenziali dell’lautomazione
navale che posseggono gia una notevole
maturita tecnologica e non sono quindi
— control and monitoring state indirizzate dagli attuali Dimostratori
Tecnologici

— electrical power supply

funzioni finora trascurate dagli attuali
Dimostratori Tecnologici ma
comunque necessarie ai fini della
gestione operativa delle navi
unmanned

S SEASTEMA m— ) UNINC
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Livello di maturita tecnologica delle funzioni NASS secondo US Navy

. .
Actual System “flight proven” through Vehicle System ' Average
successful mission operations | il e
g - otod & igh Ballast 9.0
ctual system compl “flight
i E 9.0
m aualfied” through est & demo. nerey
Navigation, Guidance, & Control
@ System prototype demu inan actual Autonomy 6.6
snylrondient J Threat Avoidance | 4.5
System/subsystem validation model or Group Behavior 5.0
prototype demo in a relevant environment i :
= — Autonomous Obstacle Avoidance Surface & Submersible 5.3
w Component and/or breadboard in relevant Common Control 75
oovimnment — Autonomous Obstacle Avoidance at Interface 3.5
m Component and/or breadboard in Navigation System 8.6
laboratory environment Communications
Analytical & experimental t:rl!llml functlnn ) ] 8.5
andlor characteristic proof-of-conce Line-of-Site .
.~ Over-the Horizon 7.5
m Technology concept andleeSealEis Networked (Multi-Vehicle Control) 5.0
formulated -
Propulsion 8.3
D> [ sttt [ | |t
| Auto Launch & Recovery 7.0
f‘
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Tecnologie abilitanti del controllo auto-remoto

Tecnologie comuni a MASS/NASS

L Centro di Controllo Remoto _/ \_

U Comunicazioni dirette con il Centro di Controllo Remoto

U Controllo autonomo dei Sistemi di Piattaforma

QO Sistemi di Navigazione Autonoma & Collision Avoidance

QO Situational Awareness System & Collision Detection System
U Comunicazioni con altre entita manned

COMPLETA TRASVERSALITA’ TRA "MARITIME” E ” NAVAL"”
(con l'ovvia eccezione dei Sistemi d’Arma...)

MAGGIORE INTEGRAZIONE, AUTOMAZIONE E COMPLESSITA’ TECONOLOGICA
DEI SISTEMI NELLE APPLICAZIONI “NAVAL"”

—)

£ SEASTEMA

91U92S342 Y1

POSITIVO TECHNOLOGY TRANSFER DALLE ESPERIENZE " NASS” ALLE
APPLICAZIONI “MASS”

g UNIMC
. . a FINCANTIERI company @ UNIVERSITA DI MACERATA
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Il ruolo dell’Intelligenza Artificiale nelle operazioni auto-remote

Autonomous
Manned Autonomous Remote .
. . problem . Fail to safe
operation operation . operation
solving

S SEASTEMA
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Centro di Controllo Remoto: Virtual Reality & Augmented Reality

Plancia Integrata

HMI evoluta

LT

&

]

[ £ Joaficfe] ] i)

1’

a
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Comunicazioni dirette con il Centro di Controllo Remoto

*

(4]
=
9
e
o
=
=
=)
=
E
(=]
L
o
@
=
=]
o
o
of

Q

- Transmission . A
Required Autonomy T Main Advantage Main Disadvantage
Less communications requires greater autonom . — —
Highcapachy.ighreliabiiy, |
Troposcatter 1o delav. IP based svstem Equipment cost is higher than microwave and VSAT, but
Levels of autonomy P y,. Y ? lower than fiber optic
. * Can be measured in terms of both frequency of no recurring monthly costs
““" i e=oneration operator interaction and complexity of operator Microwave Low cost, high capacity, Requires line of sight, limiting distances to approximately
interaction . . . JE
R pive Behiovii line of sight high reliability 30 km
* Challenge is to provide adaptive behavior that is Low equipment cost, most
resident in Man-in-the-loop systems, . q P T Absolute delay (latency), availability degradation
. autonomously Satellite cconomical for low capacity (outages), monthly transponder lease cost
Supervisory Control + Plans produced pre-mission will not be adequate (512 kb/sec or less) ’
to handle the dynamic nature of missions
~ SospemivetERavoEail bea resaiied e O 1l monitoraggio real-time da remoto richiede una comunicazione

capability

Semi-autonomous Control

OO OO OO0 OO0 OO0 OO O W\h‘lllil\H]IIIIIHHIIIIIH D I n affi d a bi I ité d e i I i n k Sate I I ita ri
commerciali per il telecomando remoto

Level of Autonomy (self-directed behavior)—>+

e T e e Y
UNCLASSIFIED- PRE DECISIONAL- NOT FOR RELEASE USV MASTER PLAN MAR 2006 Page 75

> Possibile utilizzo delle comunicazioni 4G/5G in ambito

costiero

Il range LOS delle comunicazioni 4G/5G puo essere
esteso fino a 100 MN utilizzando droni ‘tethered’
(passivi/attivi) come bridge

robusta a banda larga in download
U Le tecnologie troposcatter sono mature in ambito terrestre ma
richiedono ulteriore sviluppo per il navale

—
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Gestione auto-remota dei Sistemi di Piattaforma

Ausiliari
Propulsione

Monitoraggio su condizione

S SEASTEMA

ALARMS PREDICTIVES

22603372 www fotosearch

bisct i

“ @ (M| @ Ll
e ?_ - | == ’

Generazione elettrica

Sicurezza Stabilita & Falla
£ SEASTEMA
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Gestione auto-remota dei Sistemi di Navigazione

CONTROL
I—" Desired Control

Waypoint Signal Control
_—
{ Management Controller Allocators
]
Reference
Trajectories CACtuatofl
ommands
| GUIDANCE |
Mission Planning
Trajectory - Path 3 Easlgs; fi Actuators
. i < nvironment; Rudders,
Generation Planmng 3) Operators; Igropellers)
4) Other vehicles
5) Power available, etc.
Usv USV & Environment Forces &
States Information Moments
/ | NAVIGATION | \
Sensing
Environment - GPS/IMU
Situation | ®| Perception
T Awareness Otfier S
< ther Sensors
E t_Statcz @-| | (camera, radar,
ALY sonar, laser etc.)
\ Environmental Disturbances

(wind, wave, current, etc.)
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Gestione auto-remota dei Sistemi di Navigazione: tecnologie abilitanti CONTROL

Autopilota Evoluto Posizionamento Dinamico

p— EXACHLOLTERTHS
K MS=i=r s SEAPOS - Dynamic Positioning System
. 1 I
- e e ERRORE . | | A ,
o

AUTO AUTO AUTO

1
FSENSORM | | e coiazone-

STATION-KEEPING - TREND 368 100% . -964% |||

e ATTUATORY.

|
‘CAMBIO MODALITA"

[ —"
HOLD POSITION
. HOLD HEADING

~ BCOSTAMENTI
R DISTANZA ERR. HEADING

79 m 86 -

SEASTEMA MOORING ASSISTANT

FISSEATTIVAN s agiononszzass - () (1 “SETTAGGHI ALARM LIST |

Docking
System
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Gestione auto-remota dei Sistemi di Navigazione: tecnologie abilitanti GUIDANCE

Collision Avoidance Maneuvers at close Pilotaggio automatico tramite
range PIM track
Trajectory (Adimensional)
o rear
¢ / ) 2 ¢
55 1 i
o , 1 &
& & 50 f
L 2
- o T as|
v o _I%
o Z 40t
L4 » ° o
L 35 L
o & 30+
25+ #
2 4 . 4 20 25 30 35 40
Y/ Ly ]
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Gestione auto-remota dei Sistemi di Navigazione: tecnologie abilitanti NAVIGATION

 Noise & accumulative errors elimination

Sensing . . o
‘ IMU/GPS Dealing with model uncertainties
estimation{ Accommodating sensor faults
State . Multi-sensor fusion
imati Estimati " e
estimation 0?1 é?ﬁelroél egsa (S)fg Image stabilization
Navigation - ) I defoesi
system | Monocular vision | 1Mage delogging
Environment esl?[inssalrign 1 Stereo vision Wave. information percepjuon
perception | Infrared vision Multiple-camera perception
( LIDAR-based perception
L Active | Radar-based perception
Situation | estimation .
( awareness | Sonar-based perception
£ SEASTEMA :
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Gestione auto-remota dei Sistemi di Navigazione: Situation Awareness

Sensori di prossimita LIDAR di derivazione automobilistica

Riproduzione
‘bird-view’
delllambiente
circostante e
identificazione
ostacoli tramite
UAV "tethered’

100 Meter

70 Meter

£ SEASTEMA
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Gestione auto-remota dei Sistemi d’Arma

L AUTONOMOUS THEREAT EVALUATION WEAPON ALLOCATION AND SENSOR ASSIGNMENT (ATEWASA)

.3

=oaalal=

QO sistemi CIWS (Close-In-Weapon-Systems)
eseguono gia automaticamente le funzione di
search, detecting, tracking, threat evaluation,
firing e kill assessments degli obiettivi identificati
anche se prevedono sempre un override
manuale.

QO in un Sistema di Combattimento piu sofisticato
occorre invece gestire il problema
dell’assignamento dei Sistemi d’Arma e dei
Sensori in funzione del target identificato.

U la rapidita di risposta richiesta nelle reali
situazioni d’ingaggio comporta comungue che
anche nelle attuali navi unmanned la gestione del

Sistema di Combattimento sia molt
automatizzata.

£ SEASTEMA
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Esperienze di SEASTEMA sui MASS: il progetto H2020 “E-NAVIGOMED”’

U Idee chiave

Comene> v
Main subsystems composition B

O Prototipo operativo di un MASS per applicazioni short-sea shipping (small costal passenger ferry, abt 50 pax)

13

!

FLOATING DOCK

FLEET CONTROL
CENTRE

E-VESSEL
SIMULATOR

E-VESSEL
DEMONSTRATOR

Hull, propulsor, Hull \2
manoeuvrability,
seakeeping Hybrid Propulsion & Mooting Platf.orm
Automation system — and boat / pier
Hybrid interfaces
Propulsion &
- Automation Vessel guidance Pier
s system (automated
2 Vesselguidance navigation, route ) .
4 (automated planning & Am;:s?:r:km‘
E navigation, route optimisation,
= planning & mooring) .
° e Docking
= optimisation, o Control system
El mooring) Data transmission
E System
-
= Sensing
; Sensing systems.
£ Safety
© Monitoring & Safety Monitoring &
Control Control System MOORING
PLATFORM
Vessel / Docking SIMULATOR
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Figure 2. E-NAVIGO MED modular vessels profiles Figure 3. E-NAVIGO MED floating dock infrastructure

£ SEASTEMA

Intellectual Property of SEASTEMA SpA. All Rights Reserved. CONFIDENTIAL Slide 29

Uunimc

UNIVERSITA DI MACERATA

a FINCANTIERI company "



Esperienze di SEASTEMA sui MASS: il progetto H2020 “SOVEREIGN”’
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O Prototipo operativo di un MASS per applicazioni short-sea shipping (90m autonomous cargo ship)

1. A whole transport system approach

2. Autonomous capabilities matching environmental difficulty and transport mission complexity
3. Navigational safety analysis and validation by full bridge simulation

4. A Back Office Support System (BOSS)
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SOVEREIGN high-level functional autonomous transport model
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Conclusioni

(] Stato dell’arte e trend tecnologici del controllo auto-remoto delle navi

= Gli attuali USV operativi prevedono una parziale autonomia con un centro di controllo remoto per il
monitoraggio continuo della Situation Awareness e la gestione degli eventuali Sistemi d’Arma e delle
emergenze.

= Gli attuali dimostratori tecnologici MASS ospitano tuttora un’equipaggio a bordo e prevedono un centro di
controllo remoto con una parziale autonomia limitata essenzialmente alle funzioni di navigazione.

= Benefici di un technology transfer dalle tecnologie NASS o in generale NAVAL alle applicazioni MASS.

U Le funzioni chiave e le tecnologie abilitanti del controllo auto-remoto
= Centro di Controllo Remoto di terra: Virtual & Augmented Reality
= Comunicazioni dirette terra-bordo

Controllo autonomo dei Sistemi di Piattaforma

Sistemi di Navigazione Autonoma & Collision Avoidance

Situation Awareness System & Collision Detection System
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