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R Scalable and reconfigurable
* A new tourist attraction for Trondheim C|ty
* Low environmental footprint and cheaper than bridge
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Department of Engineering Cybernetics
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@NTNU AMOS

Centre for Aut mous Marine
Operations and Systems

Concept

* "On-demand ferry” - push the button for the ferry to come

* Traveling time: 1 minute - low latency

* Passengers: 12 persons

* Electrical propulsion, Automatic charging of batteries

* Navigation: High-precision GNSS (cm accuracy) plus backup system

 Anti-collision system
@ NTNU Norwegian University of Science and Technology



Cable Ferry, Koster, Bohus Lan, Sweden
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Urban ferries in Norway
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bredieaviien

Lordag 10, i 2017

bati20 ar

En gammel tradisjon ble gjenopptatt i

1997. Siden har Flotmannsbaten fraktet
folk i rolig tempo mellom Fosenkaia og

Ravnkloa i sommermanedene. [ dag
markeres jubileet under Kystens dag.

»Trondheim

Flgtmannsbat

- Deter kdyllisk og triveligd bl
rodd over kanalen i sakte Fart,
sier Egil Bide i Kystlaget
Trondhjem, | en pressemelding.

- Mange turister og mmondhjom
miere bar luren med Flolmanns
baten over tll Fosenkala, op dette
or on onkel og Mot mate &
oppleve havna og ballivet  mide
1 hpervet av byven, fortsetter han.

120 ar tilbake

I sommer er det 20 4r siden Flet
mannsahdten ble byed of slasan |
forbindelse moed byjobileet
19497, Rilen «Flolmann I» er
bvad pd Fosenkaia av Vegard Rye
Carbsen o var on gave fil byens

befolkning fra T A. Smith.
Historien il floomann streklk-
er seg iver 120 ar tilhake, og har
sitt opphay | oppforingen av
Brattara og anlegges rmandl jorn-
hanen i hegynnelsen av 1880
drene, Spesielt etter at SL Olavs
bru ble rever | 1920, var bdtfor-
hindelsen ¢n stor besparelse for
fulk sum arbeidel pad Brallora,
eller relsende som skulle cil
Tromdheims vestlige ommider.
I}a sporveien kom var det bare
Singsakertriklen som gkl ol
jembanen, ng dor skjedde Ikke
Tor 11927, | helgene ble baten nne
benyttet av folk som la spaser
turen aver Bramora, of Flot
munnsirafikken besto frem Gl
1965, Turen har | prinsippet all
tid kostet like myve som a ta trik-
ken, og flere av bvens borgere

husker fortsatt at det kostet on
13- o & bl rodd over kanalen.

Markeres lordag

| anledning byvjuhileet § 1997 gje
nopptok  Kystlapet Trondhjem
denine gamle tradislonen, og Nkk
b baten pa Fosenkaia, Foot-
sl frakier den passasierer mel
lom Fosenkala o Raynkloa |
sommermincdoene. habilect

-
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markeres under  Kystens  dag
lesrchaze 10y, jund kL 12,30 pa Fosen
kata. Ddde batbyerer op
Motmanmen fra 1997 vil delia,
Eystlaget Trondhjem har 430
mwedlemmer og  er  tilsluttet
Forbundet Kysten, 2om har over
10 0 medlemmer fordelt pa
125 hysilug.
BARD SANDE 44 340
Buoard sord e adEEcoy BERL S

KULTUR o6l

Ro, ro: Blide passasjerer pi vel mellom Fosenkaia og Ravnkloa i «Fletmann bs. Foto: EGIL EIDE

- Mange turister og
trondhjemmere tar
turen med
Flotmannsbdten
over til Fosenkaia.
Egil Elde, | Kystlaget Troidhyjem



Autonomous shuttle buses
- a key component for
Smart City Urban Mobility
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A new entrance
for cruise
tourists
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Urban City Development



Courtesy: DNV'GL

Time schedule

Phase 1 (2016): Concept study, student projects. Webcamera and
radar to register boat traffic i the harbour. Dynamic Position system
to be tested onboard ReVolt from DNV GL in Trondheim Harbour.

Phase 2 (2017/2018): Autonomous pilot ferry for concept testing
and to study behaviour of the other boat traffic.

Phase 3 (2018/2019): Full scale ferry certified for passengers.



Master Thesis Work 2016-2017

Henrik Alfheim
Kjetil Muggerud:

"Development of a Dynamic Positioning System for the
ReVolt Model Ship”

Reported in Der Spiegel, Sdchsische Zeitung, ZTV

3sat

° L D} 00:40 | 06:00
Schiffe ohne Kapitan

@ O 3

Frachtschiffe sollen autonom von Hafen zu Hafen fahren: Noch ist es Zukunftsmusik, doch erste Tests laufen bereits: Norwegens Forscher entwickeln
unbemannte Schifffahrtskonzepte. Frachtschiffe sollen so konkurrenzféhiger werden.

http://www.3sat.de/mediathek/?mode=play&obj=65614
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Phase 1: Monitoring boat traffic in the harbour

Tracking small boats in
the Trondheim canal
Courtesy:Jesper’
Pedersen, Project
Report, December 2018




Phase 2: Prototype Ferry (development platform)

* Funded by NTNU and AMOS

*  Aluminum hull with scale 1:2 (5 m long)
» Testing of propulsion system, batteries and charging system

* Development of navigation system, DP system and automatic docking
* Testing of anti-collision sensors

* Development of anti-collision system
» Safe remote control including HMI

* Operational aspects

B NTNU Kunnskap for en bedre verden




Construction phase Summer 2017
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First technical sea trials. 11 Nov 2017
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* Batteries, thrusters, OBC and Remote control installed and tested

* Navigation sensors (RTK GNSS and IMU) installed

* Dynamic Position software installed and tested

Development of automatic docking summer 2018

Testing of anti-collision sensors in Trondheim Harbour fall 2018
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Phase 3: Full Scale Ferry

12 PAX

Size: LOA: 8-10m x Beam: 3.5m

Automatic battery charging (induction)

Propulsion: 2 x 10kW azimuth thrusters

RTK GNSS-compass + Radar + Camera + LIDAR system

AlS and 2-way wireless communication including video



Sensors & Communciation Systems

Navigation, COLAV, docking: Communication:

* GNSS, (GPS,Galileo, Glonass) * Narrowband:
(RTK — Real Time Kinematic) - AIS

* LIDAR («laser radar») - data telemetry
(SLAM — Simultaneous Localization and Mapping) - RTK (DGPS)

e Radar * Wideband:

- Video
- Sensor data

* Ultra Wideband short range radars)
e Optical cameras (360deg)
* Stereo cameras

e |Ifrared (IR) cameras

Batteries
Docking system Propulsion
System monitoring 5 Charging system




Safety first

* Dual systems (redundancy)
 COLAV system (stop and hold?)
* Emergency stop, MOB

* Evacuation - life

* Hull design — damage stability

* Fire detectors — fire extinguising system

* Signals, lights, lane marking

* Passenger supervision — 2-way video to Shore Control Center



Success Criteria

Safety

* Risk assessment

Automatic registration of passengers
Robust anti-collision system
Redundant navigation systems
Monitoring and remote control

Reliability

» Easy to use

* Work all around the year

* Efficient transportation — low latency

* Robust design — low probability of errors
* Minimized need for maintenance




19 researchers from three
faculties and all three
NTNU campuses:
Trondheim, Alesund and
Gjovik

Six new PhD positions
(+ 3 already started)

External project partners
Trondheim Harbour, DNV
GL, Maritime Robotics and
Kongsberg Seatex

International
collaborators from all over
the world

PhD-6:

Risk
management

Communi-
cations &
cyber
security

® NTNU Norwegian University of Science and Technology

Autoferry Project (NTNU Digital Transformation)

PhD-1:
Automation
and
autonomy

PhD-2:

Multi-sensor
tracking

PhD-3:

All-electric
power and
propulsion

PhD-4:

Human

factors,
monitoring
and control
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Long Term Goals

e Develop an integrated solution, ensuring a safe and robust urban
transportation system

* Develop solutions for efficient operations and maintenance, logistics,
customer service and support

 Build trust, confidence and social acceptance for the new technologies

* Build a roadmap to commercially viable and scalable solutions

@ NTNU Kunnskap for en bedre verden
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