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Autonomous Ship => B#EnEfifn (B1Efn)
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B#EE
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AEDIER « AD%aDiad 3D,
AR DAMETE [E DM IE
RIBEHRZINEL. MERK(CHAT D,
- BEEDLANILDEE
ABSKDHI - T ADRMZ TR T D,

Al

IoT

Big Data
Marra,McNeil, Understanding 'The Loop":

Regulating the Next Generation of War Machines: Harvard Law School
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WATER BORNETP : Technical Platform : A_itonomous Ship 2006

The vessel with “Next generation modular control systems and
communications technology will enable wireless monitoring and
control functions both on and off board. These will include
advanced decision support systems to provide a capability to
operate ships remotely under semi or fully autonomous
control.”

o2 =RR COEDHE UL [ImEREREGIEHZ JREIC I DImEFIMT
EY AT HAEZD. M ERSROHHADSDT 1 PU X TOERCHIHE
MREZYEICITDREREY 257V AT ARRUBERM ] Z5
DHofib,

~ N

Source : WATER BORNETPOVISION2020 (2006) 2.

MPAT
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hat UNINY

UAV: Autonomous execution

UAV: Autonomous control

SCC: Monitoring/Investigation

UAV: Remote control

y o g@P
u";@"

A

SCC: Remote Operation

sTEMISEEFHE

Bi=BEf

XYOFERDLZ E e

[EDSDITA

ARV R —=ADIEHR

SLLDRIVD

Source : 7 Developing autonomous navigation: The MUNIN unmanned vessel test-bed”
‘Conference on Autonomous Ships, 25th-26th September, 2015
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Projects

AAWA, Finland,
2015 - 2018

MAXCMAS, UK
ATLAS, 2015 - 2018

Rolls Royce

MUNIN by EU
2012 - 2015

by DNV-GL 2017
2013-2017

One Sea Ecosystem,
DIMECC, 2016

( The Unmanned Cargo Ship

S AR (CE9 Db

FENE]

Outputs & Products

Concept of AS,
2018

COLREG compliant CA
module, ATLAS, 2018

On demand small

passenger ferry, NTNU

AS YARA Birkeland,
Kongsberg, 2018 - 2020

Autonomous marine transport
2018 -

system to the Baltic Sea
2020

Development Alliance,
China, 2017

}------*

Civil projects

Ve

First Autonomous Ship
2021

~

N\

Military projects ACTUV, US

& J

----------->

([ Anti-Submarine Warfare Continuous ]

Trail Unmanned Vessel (ACTUV)

SWARM I, SIS, ‘___________b' Autonomous swarming boats
us system for harbor patrol T
([ ARCIMS, ATLAS, ‘___________> Remote Combined Influence &
. UK J L Minesweeping System MPAT
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AAWA

Advanced Autonomous Waterborne Applications

- AAWAI(. Finnish Funding Agency for Technology and Innovationh* 566075
I—0OFEEZT,O0-)ILA0O0A AADTEE L TEDHDIEEMROXFI O T I M
* 20155 h52018F F TD 3 EFETEMFE,

B RPANFFE HERSHERR

PHASE1 PHASE2 PHASE3
2015-2016 2016-2017 2017-2018
B - HEE * Rolls-Royce,

- Tampere University of Technology - DNV GL,

* VTT Technical Research Centre of Finland Ltd . |nmarsat,

- Abo Akademi University - Deltamarin,

 Aalto University * NAPA,

* The University of Turku - Brighthouse Intelligence,.-
Source : http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/ * Finferries and ESL Shippingts

customers/marine/ship-intel/12%20-%20AAWA%20Coordinator.pdf MPAT
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AAWA

Google

Advanced Autononrg Intelllgent

SA and
i Voice H/ |

o v—-J—>3>
RADAR, High resolution camera. LIDAR. AIS
w7 ILTU X
MAXCMAS J&ﬂﬂ,}xfﬂl\

EET?ODL_E%%EODH—EOD‘T‘H%AD’G
=R - ERNZEE
B0 KORFEIRERRDEM
(CWHEIRIL—)LODBERDIHET
EZEDBEMNT

SIS EMEDIRET

Source : http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/
customers/marine/ship-intel/12%20-%20AAWA%20Coordinator.pdf
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MAXCMAS

(Machine eXecutable Collision regulations for

- Inovate UKHh*5127/H1bD3Z1E
- 20155201 7FFE TEM,
- COLREGSICHE#L U J=H M -

EflDER

- 22— —NR—XTH% Re
ERIRMEERERSERE TR, ZMXF

- E?Eii‘iﬂ‘i

=Yoo BEEIHRE
mmimmrfﬁﬂm
- RIFEIREIEEIC KSR ERER
- URXOEM, 5l

Marine Autonomous System)

i

Rolls Royce (RR) as lead,
Atlas Elektronik UK (AEUK)
Lloyd’s Register (LR)

Queen’s University

Belfast (QUB)
Warsash Maritime
Academy (WMA).
o o
Source: MAXCMAS Project - Autonomous COLREGs B

Compliant Ship Navigation, Proc, of COMPIT 2017 pp -,
454-464
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y coordinates (nm)

C‘D;Jé’u“';.(_'dw_'_‘O-‘Nw&u"‘J‘NI@

Multiple Vessels

Waypoint

¥ 1G2

After detecting collision r]’Sk.
with TG1 and realising the
Head-on situation, OS
maneuvers starboard

109-8-76-54-3-2-10123 456728291

x coordinates (nm)

Example of Multiple Ship Collision Avoidance

~
Source: MAXCMAS Project - Autonomous COLREGs B
Compliant Ship Navigation, Proc, of COMPIT 2017 pp  “=0%=]

454-464
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YARA Birkeland

4100100 -150 TEU BRI > T FHinziEis,

BEEERM & EREinZ i &I B/ (WU —

BR B DEHEERD,

HART7(E. ReVoltdDpkER%Z Fl}

Main particulars: Propulsion:

LOA: >70 m Electric propulsion
Beam:15 m 2 Azimuth pods
Depth: 12 m 2 Tunnel thruster

Draught (full): 5 m
Draught (ballast): 3 m
Service speed: 6 kn
Max speed: 10 kn

Battery pack:
3,5—-4 MWh

Key sensors:

JU. Kongsbergh‘iEi&.,

Camera
Capacity: Radar
Cargo capacity: AIS
100- 150 TEU Lidar . -
Deadweight: IR camera Automatic Berthing
3500 - 4500 mt
Source: https://www.km.kongsberg.com/ks/web/nokbg0240.nsf/AllWeb/ /’ '
.9

4B8113B707A50A4FC125811D00407045

MPAT
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YARA Birkeland

ATSa1-=)b:

2017: Marin Teknikk, Norway(C K B5%ET DA & &2 FiH S

2018: 2018EME _MM4HA, BEMEIETIEL

2018: 1> I R—ADIEZREL. BADME(CXKDITA MEZE
2018FE D5 = MF-HALUF (CSEfin

2019: 1= RiEAnsER Z Eht.,

2020: ST BiEERM = Efit.

e h ONNR JIVoz— ‘

AD T — 7

Brevik |

Z20 )
Oslo

e / 2 VN
§ ( >0 | s.&Stockhol m
e A ®
Brevik D SV EZ

*Hergya — Brevik (approx. 7 nm)
*Hergya — Larvik (approx. 30 nm)
BiE(E. BBt Y TER.
Source: https://www.km.kongsberg.com/ks/web/nokbg0240.nsf/AllWeb/ &
4B8113B707A50A4FC125811D00407045 M’?A‘T
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One Sea Autonomous Maritime Ecosystem

One Sea J =177 . DIMECC

(Digital, Internet, Materials and
Engineering as well as Co-Creation) £ &2
iMZ20255F (/) VULF Y UilBT. B4
(CRDBEZFEINT DIRIEZIB/EITD
Jzsb. 20165 (CInZFE D 1S,
D R W T DAER |
RN ESINERRN. TTER

'fﬁ%*ﬁlﬂj\ HoPEELBES )@*ﬁ%ﬂ“ N e e
- a4 >S5 RICBITAIBEEIRD ” oW b1 1685 N 20 gl

T A NBEOEEES

ZhN1EZE : ABB, Cargotec, Ericsson,
Mevyer Turku, Rolls Royce, Tieto, Wartsila

Source : One Sea Web site e
https://www.oneseaecosystem.net/ “s%e

MPAT
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DIMECC Operational Roadmap

2017 > 2018 > 2018 5 A2 > 21 > A2 p AL H A > A5
and operators

Increa.s_ed Develop

reliability
Aut_onomous Define Develop
maintenance

Cargo loading |
and unloading

Low hanging
fruits
Testing of With back-up ot Witout
vessels crew onboard national inrmabonal
Source : One Sea Web site P T

https://www.oneseaecosystem.net/ “a%e
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US DARPA ACTUV

Anti-Submarine Warfare (ASW) Continuous Trail Unmanned Vessel
B/KELEEM A EENEMMAL  Sea Hunter, Leidosft

- v o> OBEEMmEE - USV World Model Example

- B C DR B1EREEE

- DEY - EERBEMKETES 1L
HREF)L. FNIEET 1 —)L

- COLREGs ZEHLD 7))L T 1) X n

s AT 2R LEE

% . p. Mulithpothesis
g e Tracker (MHT)
c ‘." y : J/ ? 3 > il : .
; i :
3 o Fused Information
=1 .
3:_; = L -
= - . - ;

; L

S Thefade }

World Model

Source: “Sea Hunter and Maritime Autonomy”,
Presentation in Autonomous Ship Tech. Symposium 2017 5
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US Swarm I

A2/ ~O—)Lin SISft
A —_—
. E34RHEAE D L — /\"D—7J CARACaS e GIhguaT
- 480D U O— ) LARIC & B B DD oCrozsig ram et
* %@@*ﬁﬂj &Jﬂﬁﬂ%d)ﬁ%ﬁ‘ﬁ (CK ) ®Head-on
ESEEES I

- COLREGs XL 7))L T X s

[] Obstaclein vel. space
[ COLREG violation
safety buffer

Source: “USVs in Harbor Defense”, 'y
Presentation in Autonomous Ship Tech. Symposium 2017 5N
MPAT
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| MAS RWG (Maritime Autonomous Ship Regulatory Working Group)

- UK Marine Industries AllianceZE FTDEI& & UT20145F 88 (CREIE,

- DRVRFRBIEAH DRI TIED T, EFRFICK D EENRIBINH
DilHeifEL T 2L z2BiEY,

- IKEMIEFT TR . KKPZNITI BAUVERRICZTHT—IEU TREL.

=i

BEREIATLORFEERICEAT S
R TENARED

BEING A RESPONSIBLE INDUSTRY

An Industry Code of Conduct, 2016 March

e

2

http://asvglobal.com/wp-content/uploads/2016/03/UK-MIA-MAS-CoC-2016.pdf " P AT
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aIMO MSC98

B &nEMAcDEA (Cdp Tz D TDIRITENIFDEA DR
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STC(WZHLMES, BUFOFREIDOZRWLE U ZITD,
(1) BAEMZHPRT D8]
(2) EAEMICSEATERVAEL
(3) BBIAEMZHRR UIRVLDY, (EIEZE I 3458l

CNICKD., BENEMAROEIR (CETREIEZFMEC U
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