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Autonomous Maritime Systems, AMS

B K E AR AT TR

Autonomous Surface Vehicle, ASV Unmanned Underwater Vehicle, UUV

TENKEMRE (A BT TRE B FE KT AT
Unmanned Surface Remotely Operated Autonomous Underwater
Vehicle, USV Vehicle, ROV Vehicle, AUV
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ABS Technology Trends
Exploring the Future of Maritime Innovation

NNOVATION
UTLOOK

Sustaining Innovation for a
Net-Zero Carbon Environment
Enabled by a Digital Ecosystem

Utilization for
Short Haul

= Onsite/onboard

ALTERNATIVE ENERGY | Widespread

Adoption of Alternative Power

- Increased prevalence of hydrogen fuel
cells, hybrid systems and nuclear energy

« Improved efficient power generation
technology from alternative energy sources

- Safe and sustainable byproduct waste
managerent

and offshore
harging
stations
= Lithiu

* Non-lithium-ion
batteris
* Ceramic batteries

ALTERNATIVE FUELS | Alternative

Fuels Generation and Adoption at Scale

+ Global adoption of low- and zero-carbon
fuels

« Scaled up zero-carbon fuel generation and
distribution

- New efficient zero-carbon fuel engines

ELECTRIFICATION | Mature Green

Electrification Infrastructure ‘;

« Expansion of electrification infrastructure F

- Improved storage for short haul and deep- w
sea use

« Enlargement of distribution substation

network
capture

CARBON CAPTURE | Mature Carbon

Capture Value Chain

- Global adoption of carbon capture
technologies

« Increased reach of carbon capture
transport network

- Expansion of storage infrastructure

GREEN ECOSYSTEM | Green Maritime

Ecosystem

« Green trending for manufacturers,
shipyards and ports

« Certified green ships and operators

- Green labeled ship cargo

BLUE ECONOMY | Carbon Neutral Blue

Economy

- Increased installation of blue technologies:
space ports, aquafarms and wave energy
generators

« Continued development of offshore
charging substations infrastructure

- Floating offshare windfarms at scale

Investigation/Early
Adoption of Alternative
Energy Sou

Continued
Adoption
+ Hydrogen hub
+Modular nuclear
reactors

* Ammonia

* Methanol

Scaling
% Reduced carbon emissions
managed through use of
alternative fuels and
carbon capture
* Dot it zero-carbor),
fuel generation

Widespread
adoption of
alternative
Alternative power
fuels
generation
and adoption

at scale
Mature green
electrification
infrastructure
Mature carbon
capture value
hai

Carbon
neutral blue
economy

Limited
Deep-Sea

+Charg
e

+Improved
onsite/onboard
storage

Technology and
Infrastructure
+ Utilization of solid
pellets
« Storage in empty oil
OF gas reservairs,
natural caverns

en port
adoption of
green corridors
« Green cargo
management Offshore Infrastructure
to Suppert Blue
Economy

= Floating windfarms
at scale

= Build out of charging
substations infrastructure

U,
EECONOMY

APPLIED

Kl 1-5 3

Improved
Visualization Tools

*+ High-fidelity virtual
simulators with Al-
generated scenarios

* Inspections with edge

computing Self-learning

System Roboti
+ Human-level NLP
+ Autonomous bot
+ Self-correcting
systems
* Quantum
computing

Virtual
immersive
ship
models

Self-aware and

cognitive systems Self Learning

Digital Twins
* Data-seeking
« Environmentally aware
\* Control of physical
asset
+ Self-replicating
digital twins

Fleet level
control via
interconnected
digital twins

Increased Ship
Connectivity
« Complex
autonomous
funetions
« Reduced manning

Connected
unmanned
autonomous
vessels

Real-time fleet
performance
optimization transition
Application
of advanced
materials
and
processes

Ves: System
Level Drﬂrforma nce
(o] n

New Materials
and Applications
* Onsite additive
manufacturing for

manufacturing

parts.

arERA>

M
RESEARCH

BEHABES!

8

2050 GOALS
CLEAN ENERGY TRANSITION
Fully transparent energy consumption and carbon [cotprint + Adeption of

zero-carbon fuels at scale - Ful

1 electrification of inland, short haul - Partial

electrification of deep-sea shipping - Mature carbon capture value chain

DIGITALIZATION
Contral of connected vessels at fleet via digital twins - Data
management - Connected system models « Virtual/real tie ins
(visualization technologies) » Al-enabled self-carrecting systems »
Virtual immersive ship models

APPLIED RESEARCH
Complex integrated encrgy management systems » New
materials and processes » Improved ship connectivity «
Increased application of autonemous functions » Real
time performance optimization - Fully integrated
green ecosystem - Expanded blue economy

VISUALIZATION TECHNOLOGIES |

Virtual Immersive Ship Models

- Clobal adoption of augmented and virtual
reality inspection tools

« Personnel training through immersive
simulators

- Remote control through visualization
technologies

rt

= Enhanced reliability,
availal
mamtamab\llly and
safety (RAMS)

ARTIFICIAL INTELLIGENCE |

Self-aware and Correcting Systems

- Technological advancements and adoption
of self-diagnostics and self-repair

+ Global application of quantum computing

- Increased presence of autonomous bots

w VIRTUAL ASSETS | Fleet Level Control
z via Digital Twins

Q - Transition to fleet level virtual asset

= - Global adoption of model-based systerns
engineering standards

- Improved cloud and edge computing

Ship Connectivity
Infrastruct

=Smart and
utonomo
nce
activity with low
orbit satellites

us functions

AUTONOMOUS OPERATIONS |

C u dA

Vessels

- Increased use of autonomous functions

- Real-lime decision supporl through
advanced SIM-based analysis

« Diversification of seafarer knowledge, skills
and ability

- Enhanced broadband coverage, speed and
cybersecurily

+ Increased complexity of autonomous
funclions

VESSEL PERFORMANCE | Real Time

Fleet Performance Optimization

- Wide-spread adoplion of energy saving
devices to maximize vessel performance

- Enhanced high fidelity performance
optimization at the vessel system level

- Higher fidelity analysis enabled by
generative design

MATERIALS | Application of Advanced

Materials and Processes

- Application of onboard additive
manufacturing for repair and part
replacement

« Serialized additive manufacturing through
blockchain

- Adoption of lower cost/Ar for purpose
materials

- New self-healing materials

1 American Bureau of Shipping (ABS). Technology Ttrends-Exploring the Future of Maritime Innovation. https://ww2.eagle.org/en/publication-flip/technology-trends.html.



2 A/ KRAR ey 5 T3

2.1 EfrgEHY

£ 2017 4 6 F 7-16 H £ JF i [ F7 v = 41 42 (International Maritime Organization,
IMO) ¥ k%4 % /4 (Maritime Safety Committee, MSC) % 98 )k &l £, 4Fxf
AR EEVI R N E B 7 T1E (Regulatory Scoping Exercise, RSE) DL # & 4n
fT#£ IMO X+ 5 N\t B E£/XKEAMAMA (Maritime Autonomous Surface Ships,
MASS) 9 %2 & |tk & A0 3135 AT W1 88, MSC Bl B “ 8 £ B £ K E A A1 (MASS)
L W T B R TR g A 2018-2019 MU B H .

£ 2018 £ 5 A 16-25 HHJF#9 MSC % 99 Rk 23 £, IMO & KR BUAT 2/ #f
P REAR AR R AL, FFA6 45t MASS By RSE A& T{EHE4 . MSC % 99 K 21K
MASS e B £ 2 F & X fu Xl 5K 4 A% 1—E & B o) 3 A2 Fo ok 58 SR B9 A5 AR5
2— M A EMHTRESAEE 3R AEAEMANTREREN; 4—T2EE
MAR. EIET, IMO B T AR T UEENMRBHE UL AL A EEREE
1T. IMO W f & =42 (Degree of Autonomy, DoA) Xl 44 2-1 Frox, R A
T AT WAt 3 BB AR AR TT AR XA R £ AR A, v iz

2021 4 5 A 5-14 HH I e MSC % 103 sk 2P E T “¥ E B £ A HE A A L
JH B9 Mg S B 7L E T /B B 77 ) Outcome of the Regulatory Scoping Exercise for the use
of Maritime Autonomous Surface Ships (MASS)”, 7 LA MSC.1/Circ.1638 =i & X fi
2, BHE “ARK. AR R7ER “4F AR (master, crew or responsible person) % i
MaXHHENGEREET, L4 EERE 3 4 89 MASS; HAfLp L
f1,4% T AZ #54] # 4 (Remote control station/centre) . 72 # 1E#f 7 (Remote operator
as seafarer) fr% .\l A& (Terminology) .

1 https://www.imo.org/en/MediaCentre/PressBriefings/Pages/08-MSC-99-MASS-scoping.aspx
2 https://www.imo.org/en/MediaCentre/PressBriefings/pages/MASSRSE2021.aspx
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IRBENR R seEEEAMAA

BRRTERL prargi A Fully autonomous ship
hiyigie DOTe ot e R_emo_tely controlled
E,“-;%Eﬁ_ggglﬁéﬁzu Remozly conntrolled ship without seafarers
Ship with automated ship with seafarers on on board
processes and decision board
support DoA 2
DoA 1
- RRTEMR LIRMFRNIERIRG - ZARIRES —MUE - ZMRIETER—MUE - MIRRURIERSEE
LER&FFThEE BT EIFIR(E A TEHIFIEIE BT RRFIRE
- —ER{EOTRER EMRY , - B LEBMATLUES - B ERBIRA 1780
ENEFTANER , B FHSER EMZESH - The shipis controlled « The operating

Ihee

* The ship is controlled
and operated from
another location.

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

Kl 2-1 IMO B9 #f A B £ 42 X 4
LA £ A IMO XX H F 2 3 Gr— B SR 77 o, 3 3 — AN TR SO (e,
MASS Code) &4 H M GFAM ZIE R N &E Y &, 43 IMO HAXH S
MASS # 1 2 |8] 7 76t o8 X Fo 1 LB, MASS iz A #9 RSE 7= 1 # = i IMO L& ¢
FHEI R REI Kk 2-1 .
% 2-11MO I A XX #46 EAh £ %

FRORS RBERT BT LA

+ 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.

and operated from
another location.

» There are no
seafarers on board.

system of the ship is
able to make
decisions and
determine actions by
itself.

High-priority Medium-priority Low-priority
SOLAS chapters I1-1, 11-2,
I, 1v, Vv, VI, VII, IX, XI- SOLAS chapter XII SOLAS chapter XIII
land XI-2
COLREG CSS Code SOLAS chapter XIV
. Casualty Investigation
STCW Convention and Code CSC Code
Code
STCW-F Convention 111 Code ESP Code
1966 LL Convention and .
1988 Protocol thereto Grain Code RO Code
1979 SAR Convention INF Code FTP Code
FSS Code 2008 Intact Stability Code Polar Code
Standards for owners'
IMSBC Code inspection and maintenance LSA Code
of bulk carrier hatch covers
IMDG Code ISM Code

10




TONNAGE 1969 ISPS Code
Standards for the evaluation of
scantlings of the transverse
watertight vertically corrugated
IBC Code bulkhead between the two foremost
cargo holds and for the evaluation
of allowable hold loading of the
foremost cargo hold
Standards and criteria for side
IGC Code structure of bulk carriers of single-
side skin construction

YW Tk T % T MASS B RSE z J5, 2022 4 11 A 2-11 H B MSC %
106 %k 2% 7 MASS B4 T1E4 (Joint Working Group, JWG) 413 MASS #1.
] (MASS Code) HyR ¥ T, 3#E T MASS HLIMAEZE, Fiit 2025 41 T 1%
ML FT 2028 48 1 A 1 H A% &%

MASS JWG 1§ 4 %4 % 7 4 (Maritime Safety committee, MSC) . #Z %
7 4 (Legal Committee, LEG) #u & £ ¥ 32 % Z= 5 2 (Facilitation Committee, FAL)
HEFE RSN, FEUEF 282N, BEFUME MASS 48 % 8 3£ |5
A, AZAZR2T MASS >CH Mgl 2 2 2. 2023 4 4 A 17-21 H,
MASS JWG % 2 K2 W K& EATHEAN ARG, EAELE MASS #iK.
LA PO, TAERE R EEa AU AT I8 8 R AT S B R N 2R

(1) MASS # &

28 MASS fEkHE X, k. Bx., EEEREEKFAAFEITL. &
POAK, —RLH MASS & TAM B EMATRRAMMBELK, L LEA
— 4% B AEEBK AT IZA AT, B K EL B RSN AR S . MASS
MBRKIFE—EES, RATHMEANEKARAURARERER; —RERELHT,
— LMK USA T L% MASS, RO THFREEEET, FE-—MAAE—2
MKEER —LAKOTaM, EEE—4% E8E A, a8 — 2K MASS
i, MAEREN Y ERITISHRE R ELME; =& MASS K LLESE R
HYZEEFE SR 4 DL STCW A 2940 L0 4 e ah, (B A 00 B2 38w H A AR % B sk st

1 https://www.imo.org/en/MediaCentre/MeetingSummaries/Pages/MSC-106.aspx.
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STCW A #1#AT11T. MASS it K 2 & & 7% F %% T 29 (Maritime Labour
Convention, MLC) &9 [a] & Ul iz 24 2 & [B] fr 57 TR F W 2 VIR MASS #FK
B A E IR ST HAT RN AT, T A BFH AR E & IMO X4 fu ik & i o
/2 #7 (United Nations Convention on the Law of the Sea, UNCLOS) T~ & #if K BH 5%
BE, T —EAPITE. 2WNEF T T LA A AR ARK R T S0 AR
5L, 183Kk R —, 22 MSC % FlE MASS CODE Hf # — 3 # /&,
(2) TRBEMEF
2R TERBEFOCHAE. A, EXFAEEREATRTR. 2NERE, —
EEF “imAE#E F.0” (Remote Operations Centre, ROC) X —R1&, H B HE X
H: BE45TE MASS MEFEZ SMEEZARE R e MR, —RERELAE
T, TEBEFCH—E AR (B MASS #5K) [ B X £ & MASS 3w, [ At
THBRFERZLFET, FE-NMKNE S NTEEEF O —5 MASS fFTH
R, EEE—SENE R, RaH - MZTEEEF O Z MASS i3, X%
Rem Y BEEARARTZRFEL M R RBEFOFEHRRBNERT Y
# MSC % %] & MASS #LI (MASS Code) B % &, £PUAIRE], LTmAEHEM+F O
T MASS M E DN B o, HaRERBN kiR, FREIMXZR&
— B F REEMEA LT AR R
(3) mAREME R
2WHTERE R B, EEERFEKEATET R, 2WEERE,
—RETBRBEREEN: ELBBEEF OAZERS 5EFEH L HALH MASS
HEHWERTFRIAR:; —EXATHZEREANEFEERT 4 H MSC £ & &
MASS Code B % j&; =&KX THZEHF R ELEHT MLC B[ H M 4 % o1 BT
wLHAFW; WEXRTRERERES N LAHAA MASS A Ry —#H 4, Ab
EHERERSTUF R,
(4) HAth 21 5] 2R
2 WA MASS X — RIEBHAT T Wk, A A AMBEAEE AT “AR7HAE,
Bl B4k R #F MASS AERIA Fkfa . Wi, REZER 2 LEREERK
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EMFAL £ 47T a2 FWER, HREMH., FE*HF. £RBME, MEzs
S L EEH N IWG TR K.

22 BKE

l. MUNIN InH

TG ESIE 65 % B E, B2 (European Union, EU) ¥1 4 5k — B 2 46 %
2012 49 H, KB % R4 (European Commission, EC) B % 7 424 i+ X|——
% 1 3% Hr (7" Framework Programme-TRANSPORT) 1, 1 4 = E % By 7 #% A\ 290 /1
BTG T BY T T W44 % et 2 3L T A At4T "(Maritime Unmanned Navigation
through Intelligence in Networks, MUNIN) T H 2, B[4 T % & iz #F 52 5 br ] #93#
Jto MUNIN TLE @& B E ., M/, Ff, K&, ZRZMH8RXFANMM T
SEARA AR B B AR ARHES, TUE BE LR # 4 2012 47 09 A £ 2015 4 08 A, R4
3£ 380 77 KT

MUNIN B E §EF L ARIEE MM A——ZEaM LEHAFE RS
5l R EE R LR TR RN R. ZRENETERAR AL CE:

> TFREIE LA TR AMRA

> FIRXRBHELSIE, BFEEMREEAREY AT, AR

HATEEIEAT, NTIZLEEBHMEHEE £,

> EIAAE—RF R K RE N T B EAT IR R RIER A
Sk WA A B e T R LAY B AT AR AR
> REENWEF., ReEEITS, ARTRNRERSF AT LHY

Ve 5
> B RRA WM R EERMN S, Flir: & T8 E SN R R T R D

<>

1 https://trimis.ec.europa.eu/programme/transport-including-aeronautics-horizontal-activities-
implementation-transport-programme.

2 https://trimis.ec.europa.eu/project/maritime-unmanned-navigation-through-intelligence-networks.
% Fraunhofer Center for Maritime Logistics and Services CML (Fraunhofer CML), Norwegian
Marine Technology Research Institute (MARINTEK), Chalmers University of Technology,
Hochschule Wismar, Aptomar AS, MarineSoft, Marorka ehf, University College Cork.

4 http://www.unmanned-ship.org/munin/about/munins-objectives/.
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VAT PWT; AN TR S MR ALE, T 4 IH A AR AR
. 2l gsEtd.
MUNIN 5 E & 10 M TE@4k, E+aa £ 1-E5, THRanEmwE 2-
2 Frorts MUNIN TE Rk 2845 66 A A0 70 SR IV AL AT A 1] B £ 48 1F, T T2 30
Y A I B 2 VB A 1A, 7 2 A R Y X ST A AR BB AR RARAT, B IE AT

* 4 2-3 FiR2,

/ WP 8 Proof of concept \
| WP 5 Autonomous bridge WP 4 Architecture ‘-‘/' N\
G > W1/
LI I L ] =

/ / WP 7 Shore side operation centre
WP 6 Autonomous engine roorp/ /

- J

WP 9 Assessment

& 2-2 MUNIN T B * 4 &,

n

2
c a
o g
T =
L Q
E @
g =
o] =
a Y
m =]
[- % -
= 2

L http://www.unmanned-ship.org/munin/about/munins-methodology/.
2 http://www.unmanned-ship.org/munin/about/munin-results-2/.
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Autonomous Execution Autonomous Control Remote control

Unintended event Human support no Interaction
Crew embarked solved longer required i possibility restored

Remote
control

Manned Autonomous Autonomous .
i e Fail to safe
operation execution control
Crew disembarked Unintended event Human support Interaction possibility !

detected : required lost

Critical situation waiting for response or
interaction possibility lost

Emergency crew embarked
] 2-3 MUNIN 3 28 79 32 4T 4 3,
ARGEANELHRY T EFTAR, BfERAS, E5F 020N TREREHR
FEGZRTI A Hilt, MUNIN4EH T — M4, RIS s 2% £
A, (B W5 W o= 4 o BE B B 2584 0 (Shore Control Centre, SCC) ##1E 7 #
17, ARG AR M E 2-4 iRt FHk, MUNIN Z T DUT & G0 s2 4K

L http://www.unmanned-ship.org/munin/news-information/downloads-information-material/munin-
deliverables/.
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Other ships and shore

N

Advanced sensor

Autonomous
Navigation
System

Autonomous

Controller

Dedicated module
LOS il
communication ASM
systems A
) 4
AlS >
VVDES .
GMDSS 4—‘* Integrated bridge system
1t A
) 4
Rendezvous
Control Unit Engine / Automation
RCU systems

Autonomous
Engine

Monitoring || o

and Control
AEMC

Communication Controller

[ 4
4

&l 2-4 B EAEARR G AR R
> e EREM B (Advanced Sensor Module, ASM), it TR A TLE &
# % %5 (4 Automatic Radar Plotting Aid (ARPA) £z Automatic Identification
System(AIS)) H & RBHIE, FEAINRT WAL FEIN, AFTMH
R EES,
< B EH14T A % (Autonomous Navigation System, ANS), & 2-5 fiox, #
TS = X AT TR, (B EA — =W e & &, o LUREENA R ITF 89t
BERAEEHEME, flo, HTHABBFRIEARALA;

W

Shore Control
Centre

sccC

Shore Bridge
control

Remote fine
navigation

Shore Engine
control

Deep-Sea Navigation System

Weather Routeing

Collision Avoidance

Module Module
Strategic Risk of Collision
I I
Operational Immediate Danger
[ I
Rudder Control
- Track Pilot — |
Engine Control

K 2-5 BEMATES (ANS) A
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> B E XA EEZ S (Autonomous Engine and Monitoring Control
System, AEMC), T ¥ & T MM AN E IR %, BF — EEEM
Mhe, BERFREZE; o, ZRRL A FTH I L EA AR
B, ZEREARY —EWT Mg TIA;

> REEH T (SCO), EREEBRENMBIGAFFIEER, AER
B 1 Ufn TAZ A2 1% o 0 X4 AR A HEAT R 4 U A 42 4

FEEH FL (SCC) A1 LB

< SCC #1E R (SCC Operator), #if% B £ 35 E B K5 % %8 BN
B, FRIZEGRA A RER B, Flin, FHATIHRIREER
Gt e 1 6

< SCC IL#2Jfi (SCCEngineer), 7 I A 5] & B 11 By SCC #1F R,
HETHELEGRENEREC TR, AREEFMREET A E M
TRk o8 B A% iy o] S 1

$ SCC fii £k (SCC Situation Room Team), 7 ¥ 15 H T & i B = A5
EREHWEEFTEAREE UM EETRER, GETERYFR
% (Remote Manoeuvring Support System), % % 4t 7] # 1% 12 10 12 B 5 45 4l
PRFELNSH R, TWAHEEM AR EES,

MUNIN 7 B 1% 28 DL # % A “ Automat Seaways” #-1E AR AL, EE X A%
MAR A2 o, 40 K 3 3.5 77 i 40 3¢ M\ 3 2 Gothenburg H & , JT1£ 7 3F Cape Town.
it AR R E Y RS NEIN 2 £BR AR LER S, ERFHEBMT
B 200 K KM, B EMATE, RO eFmA “Manned Bridge”
# Z “Autonomous Control/Remote Bridge” L&, R /G 2 £ B A T2 ¥R, 3#
MFIARE T 25t fE £, 5 I0E e, T ® 3 Vigo #1 SCC K Felipe Rodrigues
E.% JAF1E Bangalore #7 SCC A& 7 8 i B £fHfftz4], Sty 2 2B A
—R WX 8 AAREENL .  “Automat Seaways” # M B Gothenburg 2 i LL % 3
%51 AR T AR i A2 A7 72 Rodrigues #f K B9 4T 8 5 I A= # . {2“ Automat Seaways”
REWATRTETAN, MMHE—A 3 ARESE N EAS BN EE R,

' http://www.unmanned-ship.org/munin/about/munin-journey/.
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RATE AR LS4 2 K, EAEZ T Dover it it 1 — MR SRS 18 £ . 1B,
ERLEAEE R ZE, “Automat Seaways” ## T EIT— N A BT A B E /AT

HE, H T —AEA (LEEEFALRET AIS BEAF) , Rodrigues #f K
WM — LB RHENT FRKEEGEALEY S WA HES F (Situation Room),
EXFR—NeEHFEReBNE: EREFeER @R FL, ECDIS 1
—NEEDTEWEARE;, BREHEIF—NLKkEW 2710 ENVAFRE, &
7 A B DL R P SRR T B TR A A i R B 3D L ALANF R ok
G EEEG AT UFENFE L, LF 5% &k%E “Automat Seaways” #Z 4 &
EAMAT L EEREBEANIESE S, B E FEAER & MENIM, UK
HLAR B9 1A B s AR AL

Il. NOVIMAR InH

2017 £ 6 A% 2021 4 6 A, BREH-FL& 2020 # % 5 €%+ X (European

Union’s Horizon 2020 research and innovation program) i it £ EU Horizon 2020:
Smart, Green and Integrated Transport (H2020-EU.3.4.) 31, KB T “HARN
F 5 L4 BUE (NOVel Inland water transport and MARitime transport
concepts, NOVIMAR) 2, 7 NOVIMAR E &+, 1. -7 M@Kk AE 8K L
EE RN ET Dm “AEFEZIL” (Vessel Trains) B R 4T, MWEER & —fg F 48
A0S MAREE R, BEMTEERAE, ATEDOBER, wE 2-6 o,

! Horizon 2020 was the EU's research and innovation funding programme from 2014-2020 with a
budget of nearly €80 billion. The Horizon 2020 programme has been succeeded by Horizon Europe,
which is the EU’s key research and innovation funding programme until 2027and with a budget of
€95.5 billion.

2 https://novimar.eu/.
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Borde
NAVIGATING AND MANOEUVERING B ,l BUSINESS CONCEPT
THE VESSEL TRAIN ’ OF THE VESSEL TRAIN

.
’
.
e
e
’
COMPOSITION & DESIGN
OF THE VESSEL TRAIN

W/ATERBORNE TRANSPOR]
SYSTEM

WATERWIAY INFRASTRUCTURS
& OPERATIONS

Main infand
port terminal

& 2-6 NOVIMAR # 4*

T H & 2 B E 5 A £ 4 (Netherlands Maritime Technology Foundation, NMT)
HEWEEM, HARBEEARCEXRE INMERAIR. T, AERS . FAHE
SATHH 22 FHLA, WwIE 2-7 fior. NOVIMAR &4 7 A TEH: WA %; &
WA fUAT SR R AR R AR e A REEE AL #S Rk
N UUETEEHR,

lIl. ETN-SAS InH

2018 4 11 F % 2023 4 04 A, BKE3-F4 2020 # % 5 €%+ X (European
Union’s Horizon 2020 research and innovation program) i i # H2020-EU.1.3.1. -
Fostering new skills by means of excellent initial training of researchers % 7, # A\ 411
TR BT “ AT EL24E E R0 INE I M 4”7 E (European Training
Network for Safer Autonomous Systems, ETN-SAS) , il B #t 5 B P\ v T 1 . 4- 5 40
&l 2-8 A& 2-9 FroR.

1 https://novimar.eu/.

19



PLIMSOLL

PLIMSOLL Szolgéltata
Lt

L =F o o

Cormpagnie Fluviale de
Transport

B

Stichting Bureau
Telematica Binnenvaart

MARLO

Marlo AS

|:

Bureau YWeritas Marine
& Offshore

M
%
aubena

&> VAN MOER

Logistics

Wan Moer Group MWW Autena Marine

duisport ‘4

Duisburger Hafen AG

AR

Touax River Barges

DL~

Entwicklungszentrum
fur Schiffstechnik und
Transportsysterne ewv

AN

ScandiMADS AB

ScandiNADS AB

Deltares

5

Stichting Deltares

viadonau

viadanau —
Osterreichische
"Wasserstralien-
Gesellschaft mbH

argonics

Argonics GrabH

Universiteit
Antwerpen

Universiteit Antwerpen

K 2-7 NOVIMAR T H % 5 ¥ {1
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Unlversity Equinor RH Marine Jaguar ﬂ Lloyd's
of York &: [Equinor] Netherlands Land Rover Register
[UoY] [JLR] EMEA [LR]
@ ® -B;;HHMJ ® .U ®
equiner e MARINE ‘\
e @

ﬁ Airbus g

Operations
. SAS [Airbus]

ﬂ Portable Medical

PMT]

sl

finii Technische Universitat

|0

Maritime Research
Center Netherlands
[MARIN]

CaseNew Holland
Industrial
[CNHi]

uuuuuuuu

Kaiserslautern
[TUK]

/"!'

SICK AG

Technology

Technologies
[Naio] o

LAAS-CNRS
Lars) | M
LaAs KU Leuven
@ = [KU Leuven

Fraunhcfer

] [FHGI
=
@ =

AW, /utomotive = Robetics L] Heal
COun) v

WAlrcraft &M Agriculture ’! loT

O =l

Academic Participants

Non-academic
ﬂ participants

@@ Beneficiaries
@@ Partrer Organisations

& 2-8 ETN-SAS W H % 5 #

/A, 1. Self-driving vehicle e—
‘ 2. Autonomous vessel &—
£ 3.Driverless tractor ——
4> 4.Farming robot ®—
@ 5. Clinical bot e—

ms. Oil-drilling

platform
- 7.Pilotless
4

plane

K] 2-9 ETN-SAS T H T{E&
ETN-SAS THHE & R: BERANARRET EAANS
FRMES FREHE R, PATRRHWEF, HEELM1E S 06
HEE; A, AMIMFLZRANEHER R RHRZEHE, H0R

db =2
SESS
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EBFEERAAXLRAYRIEAL R M, AAURRRGTERS, AMIA
AW Z#%. ETN-SAS HEH E A BRI FE A ERAE LA RILANBEHEILR
G, AT EIAX—ERER SR, ARENRKRAUHE, TEKHEE 15
2L MR AR (Early-Stage Researchers, ESRS) , #f % # = 1Y R % % 4
TR, TEEIR, ZHEMAUZ2NEERERIT. ETHEANZ 2/, &
ARBEIF L. WkRLUR FEMEEENAM, ETN-SAS T EH SR BN E
4T — %k, Mk T ¥ % EUHorizon 2020 F B, il TAV4R% /1 (sp k4l
R I | etk (e, KeMmGenkn; £4. BEMAERNERE g
ML

IV. AUTOSHIP I E

2019 4 06 A % 2022 4F 11 A, KB -F 4 2020 # % & €1 #7+1 %I (European

Union’s Horizon 2020 research and innovation program) i 33 £ EU Horizon 2020:
Smart, Green and Integrated Transport (H2020-EU.3.4.) £ T, {Eh + EXBh AN
#2000 77 T A BT “BON AR B EATIEBI” B E (Autonomous Shipping
Initiative for European Waters, AUTOSHIP) , & 7£im3f Bk 2 15 T — X B £ AL AR iR 5%
Al, AUTOSHIP T H &1 % 3k # i & A | Ciaotech S.r.l.fu 7 41 11 K & F 5 4 ik el
BRAaR (o 2-2 i) dEEA$EL, K4 53K 2950 77 T2,

% 2-2 AUTOSHIP 7 B # 48 & fx

R AL Fr e B EU £ %/€
1 Ciaotech S.r.I. (PNO Group) Italy 511 875
2 Kongsberg Maritime Cm AS Norway 8 946 844
3 Kongsberg Digital AS Norway 3202 273
4 Kongsberg Maritime AS Norway 2731610
5 Kongsberg Norcontrol AS Norway 789 425
6 Sintef Ocean AS Norway 1 550 000
7 Eidsvaag AS Norway 438 729

L https://www.autoship-project.eu/consortium/.
2 https://trimis.ec.europa.eu/project/autonomous-shipping-initiative-european-waters.
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8 Bureau Veritas France 177 625
9 Blue Line Logistics Belgium 731010
10 De Vlaamse Waterweg NV Belgium 135 625
11 Upm-Kymmene Oyj Finland 924 619
12 University of Strathclyde United Kingdom 894 094

AUTOSHIP Tt H E 483 & JU+F Bk AR B T AT 37, B LM AR E
T Mt d AR R, 0 Rolls Royce #7 Kongsberg, ## — ¥ 58 A &
BONER, RS ERETEESNERTCRTH T, YRMNFERFTHEEET
fEfE 24, ERRIELH,

AUTOSHIP Tl E ¥ & fuin g 2 JREEF B /A, UREAMFENEEE
il oA an AR, KB 7 BB A RIS AKF (Technology Readiness
Level, TRL7) o IR £ 7 oK 3R & 7 6 75 S 8 1B 84T, 4 2-10 Arom, DAAEAR A
HEREARERAETEZEEMEHNRIRAE A, XREKRAK EZRTHE
KA KA AT ZHEACECELEEFM. BRSO, TN A EH
B, UREI L F %22 AT IR E 80K, AR A R B F Z o i F ek
. GBI, ¥ HEANAE EMEERF LR TR, N RAS T EFT
Bfnjrik. AUTOSHIP T E M0 & 5 FAR X E AKE T, g
PR T A2 3 A 32

|mssm| Ojm C smE_ ]

A =)
! -
gl
EU Hlnterland Producer / Infand Seaport Shortsea Destination Shpns_ea ‘;i_,
Supplier Waterways Operations Shipping Port Shipping AT
Transport Transport Transport e e~

K 2-10 AUTOSHIP 7 A 37 &1
AUTOSHIP iE 1 9 MT1Em4dpk, Evaé s ME4%5, TIHEAWNEHREE
2-11 Fror2, AUTOSHIP T B R B & AL fa e R Mg A AT HA 18] B £ 8 1E, WA=

L https://www.autoship-project.eu/.
2 https://www.autoship-project.eu/the-project/.
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A2 AR BF B9 AR Bk 2t B 8], e X A 8] B 32X B A A A J AR R B AR R AT, ER
IEATHE K 2 B B

Layer-3 | WP6=\WP9) |

Stakeholer

| Stakeholder And Market | | Industrial and business
Analysis exploitation

consultation

and validation

Proposal to

esults
o Decision Support Tools for Techno- Roadmap for Internation/alj authorities
)/' '\\ Ecopbmic Evaluations i 2 implementation I/- -\
Layer-2
Framework Legal and
analysis and Acceptance safety & " Logistics Value- Regulation & Socio-economic Cost Economic
proposals for crria (cyber)security chain analysis Liability benefit Analysis evaluations
amendment wp3 WP4/5
AN . S
/- h Desi landards and [ N I | KETIntegration | e
/ Layerd gFramEWDrk L_i/ Test Methods Adapt to use cases ‘ ‘1/\ & Vessel 2
KET, Vessels M“m— Demonstators
and Infrastructure Test and KET & Control
Infrastructure verification _ centers tested )

LogisticsSupply-chain Socio-Economic Impact analysis Proposal for intercontinental
analysis and modelling (jobs, business models, cost- upscale of Autonomous Ship
benefit analysis)

Regulation and Liabilities Roadmap for R&A vessels
analysis Decision Support System development

Training f K Business Planning & Future
raining framework for Logistical Concepts
operators

&l 2-11 AUTOSHIP T E #t % 7 % (R&A=Remote&Autonomous) *

AUTOSHIP £ F 4 2-12 FroR sy 5 5 30 5%, #IIEfAp EeviEsfn g £ 8A L
B R A 0, FF A N O R B R aE E B A AR R I A A
R+ T 2 (Work Package, WP2) #y = #l 2 = X #Z 0 # A (Key Enabling
Technologies, KET) , X —#%& KET ¥ f T E 28%E, AEAIMLATHEE
Fl#8iA 2 554 B £AF (SAE ALS) . AUTOSHIP 43 3 A B 21 4h Y 2 2 4% R
BA . EREREM AT RERSHRBE A B G E R B XA,

AAUHEEEEFA T ORERNSHRD., FEZACEREGLBHHNE L

2 REMEL XKW S N XBI O HTITR., BEefiE:

> HAFRRHAZMATZRMEK;

> HAEFRETEEULE R EAKE SN,

S AT FARMATERBIK,

1 https://www.autoship-project.eul/.
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> HEELRA ST 2T K
> HEREEH T, BEMERE,

& 2-12 AUTOSHIP # 5 ¥ 3%

—#EKETHEEMEEENMPE EMT RS, BN LK TITHE
H LR R K, TE R SRR I A A R £ B

> AT, BIRF R P

> OBRE. R B R A PR

> SERLEMRENEERER,

KET ¥ & # MR F Qrg Rk, 8RS AT L Foth A T4 &t
fRRTTE (WNBFIHE, BEAMBREERAT R PRFEAENER ., A
HARGRERI - NBENHFTFEF. ZFERETHBRIEE LT ANEF
S T B AR Tk Hy i [], X e T AL A g vk ] A By R A2 7 6 Fl . KOGNIFAI Edge
W % #n 4 5k %2 4 ] 4 (Global Secure Network, GSN) 5 | T 22 4 i 4 15 R 25 $ 48 1%
WA,

AUTOSHIP i 4 #Z SINTF #) SEATONOMY 7%, Z A E¥HE AT, &
EAFRAR B ALK, NTTERTHEERLSFRANEZERES. &
MR Ao, K T % KA ARS8 F S i & R E8E 77 %, B O A1
KR L E S A T RPN, TP EEERA R BREER. T E R

d
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EF KUK TAF R AL An s

23R A

BT BT e A A 4

AUTOSHIP

k. HEH

Operational focus

A B

continuous operation

A BT R R YI E

Transit, docking and unlocking, lock navigation,

8

M AL EEY B B KK 2 AR e AR AR, i 2-13 FToR.
XEHMXFERERAE MU AN BHETR, ELeWALER

1 B 4%

GeWMEBE NN TR UL 5 FZEWFMA, AT RK
Mg 5 Tk 0 S A A P 2 [ B B AN B A 3 B e

S

SHORT SEA FEED CARRIER

——

Transit, docking and unlocking, cargo operation,

fish farm interaction, weather window

Autonomy level

4. Constrained autonomous and continously
unmanned

3. Constrained autonomous and periodically
unmanned bridge - high degree of
automatic operations

Area of operation

Rules & regulations

Inland waterways

Open Sea

National authorities and local governing bodies

Flag state, classification societies, IMO

Logistical and transport planning, monitoring,

Route planning, monitoring, remote controlled

S gremtion exception handling operations, exception handling, decision support
Infrastructure R IS (Ruv.er Information System), VTS, lock Local / Coastal VTS
interaction
c o Near land possible use of mobile networks and | Shorter range communication where available,
onnectivity

Barge, PSB)

HHE. KEERE CURECE

shorter range communication

otherwise satellite communications

K] 2-13 AUTOSHIP & T4k 4y A5 # o it 4. 2
P K # (Inland Water Way) % # & = 7 e F| Bt Blue Line Logistics i T
Zulu Associates B —#E W ARAF “Zulu04” £, X & — £ E FRIEKA (Pallet Shuttle

1 https://www.autoship-project.eul/.
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VL A1z (Short Sea Shipping) MK 1% £ #y 2 # B EIDSVAAG AS £ T 8y 7= B¢
fit “Eidsvaag Pioneer”#:, 3 #& 2= 4|4 EFf B AT R %8, %40 4E Skretting A0
Cargill ) By & 18 % 12 4 B0 kg 7 i 3, BE Wi AL 7 1462DWT, K B 74.7m,
SI R S8 9 AR AT % 44 78 & B9 Hirtshals #2 4 B 79 Kristiansand 22 8] 2 f# , 1% % 4
BHTM At —F TR AR T2 EEMATRAGR. BN AF UL E L0, T
A A B o R A MO, 2R TN AA R ST K B B E R AW
BB EEA, URESMMAEIF R E T EMRE T A,

V. PREParE SHIPS InH

2019 47 12 A £ 2022 £ 5 A, Bk H = [f]i+ x| /& (European Union Agency for the
Space Programme, EUSPA (European Union Agency for the Space Programme) # 3¢
BR 8 M F % 2020 #F % 5 €%t X (European Union’s Horizon 2020 research and
innovation program) £y = |a] 4k 48 £ A % T (H2020-EU.2.1.6.3. - Enabling exploitation
of space data) , # A\ 300 7 B G TUHBY T “E T M2 KA T E A G oAl An
TN f2” B E (PREdicted Positioning based on Europe global navigation satellite
system for SHIPS, PREParE SHIPS) 12, PREParE SHIPS i H i# i 7 & fuiE 7~ 1~ [
BEREMESRNBERS KRB EAMATZE, UEZIEE AN, A KR
S A, HMEA: £ T Europe GNSS (Global Navigation Satellite System) . #t
¥ A 28 3 3] HEAT AR # L B9 A AR R Z A6 45 TN I AR AR R R (L B, TR T PR MR
b1 R S, X 3 R vk A DL T AR 9 77 R AR AR A T R D A IS XS IR SR B R o T
E 5t 52 Bk A1k 1,45 12 [ ANAVS (Advanced Navigation Solutions, ANavS) . 2|
4| Mo gEAn + M AT A (Lantm&eriet) | % 82 RISE # % I . B 42 SAAB. Fr 4 Stena
Line. # g TELKO % .

VI. AEGIS InH

2020 4F 06 A % 2023 4 05 A, B ¥ % 2020 # 5 5 6/ #7i+ %] (European
Union’s Horizon 2020 research and innovation program) i iT # H2020-EU.3.4. -
SOCIETAL CHALLENGES - Smart, Green And Integrated Transport %%, # A\ 750

! https://cordis.europa.eu/project/id/870239.
2 https://prepare-ships.eu/.
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ARTALTE BT “H i T — R FEAK ERBIERE L, BRMEKE S X Friz
% 4”7 I H (Advanced efficient and green intermodal systems-Towards the next
generation of sustainable waterborne transport systems, AEGIS)*?, T H o1 # & SINTEF
Ocean # 3k, Bk & T % DFDS. # & NCL (North Sea Container Line AS) . /£ & ISE.
FF & # A A% (Technical University of Denmark, DTU) . #+ % B /R A% (Aalborg
University, AAU) . 7% = MacGregor. 7~ = Kalmar. # & Grieg Connect. & 4F %
#1878 % & (Trondheim Port Authority) . FF2% B /K& % (Portof Aalborg) . F+%
KT &% (Vordingborg Port) # 12 Z & 50 H A H B A4E . TUE JF R #Y 3 AR A 7R
B E I 2-14, B 2-15 F1 & 2-16 A

Trondheim/Sandstad

4 " Krisiiansund )
Alesund ()
Norway
(@)
Bergen 380
® Haugesund .
@
Stavanger
North
2 4
@ =P Sweden
Q- 4
South
Cy\pent
Denmar k
Hamburg
o
o
Amsterdam

L]
Netherlands
Rotterdam
- Germany

Cologne
o

B 2-14 5] A: P15z iys

! https://cordis.europa.eu/project/id/859992.
2 https://aegis.autonomous-ship.org/.
3 faf % Rotterdam 5L RK/NA 2 [8]ff] LO-LO(Lift-On/Lift-Off)iz i .

28



N—L4 %
. .fnorrERDAM

K 2-15 £ B: ¥¥E-H st

v

Hirtsohals
Kungsbacka
Frederi}shavn °
Vendsyssel 6 |
€39 |
Varber
o
Klitrr;eller Aal
o
Thisted
E3
viborg  Randers
o o
Holsct,ebro
Herning Aarhus
Ringkobing o o
o
o
Hvide Sande
E3
Billgnd Vg’le Ce
o
Denmark Roskilde
Esbjerg 5 :
3 Kolding X3 Odense . Sjeelland
; Fyn Slagelse
Nationalpark N
Vadehavet

! @
Whe',

o
Flensburg

Al 2-16 Bl C: &M% A BRiE?

1 % 2% Rotterdam 5 L FIES Ghent i1 Zeebrugge 2 [E]f) RO-RO(Roll-On/Roll-Off)iz i .
2 J}2 Aalborg 5 Vordingborg 2 1813 T H 4k i - 2 REKIE .
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Z17| C &% T /% Aalborg 5 Vordingborg =z & % T & sh 1L 89 Z -5 % X Briz
AR, RAHESRA EFENZRE T ERIE:
< Gaps in digitalisation (automation).
- Gaps in communication.
- Gaps in standardization.
< Gaps in cargo handling.

< Gaps in infrastructural support for new vessel types and energy supply.
VIl. MARINA InnH

2021 4 01 F % 2023 4 06 A, Bx % -F 4 2020 # % 5 €%+ X (European
Union’s Horizon 2020 research and innovation program) i if # H2020-EU.3. -
PRIORITY 'Societal challenges ## H2020-EU.2.1. - INDUSTRIAL LEADERSHIP -
Leadership in enabling and industrial technologies % 7, # A\ 290 7% BX jC i B & B 7

“ T TR AR AR A Fr AR A AC BB E B9 EWoE” BUE  (Maritime LAseR for
collislon avoidance in high speed shippiNg and vessel traffic mAnagement, MARINA)
B, WH K%L 414 FET. MARINA T E # % F P\ &1 7% B 47 O.M. Offshore
Monitoring Limited & 3k, 5t i% 5 @45 2 E G.M.S. Global Maritime Services Limited
% £ 47 LADAR Limited. #F g Hjelmstad AS UL % i & Grand Large Yachting SAS.

MARINA T B % fl #% . #7## LADAR R4 A X T —MAlFM @I £,
FAERSNEHAEL S ETAEF I A, Rty Bl g k8%, o
PLAR A - 25 AR A RT 77 2 v B9 B N BV KB B AT . LADAR B9 [ 83 41 1R B8 77
WEMMZEFERD SN, ZoHEEMRME, BERSEMEAER. FA, Hila =K
BARHERAAEN NS . MARINA TTE B & — A~ AT AR a1k, FTA
SRR A EZ BT A TUE P H#HATT )72 86 12U E 87 B 19 24 LADAR #
GiiEdt 2| TRLS, 4B ELMEFEFE” ®LE TRLY, HRALKFH L TTIHE,

1 Advanced, Efficient and Green Intermodal Systems(AEGIS). Technology gaps and regulatory
challenges in Danish case studies. Deliverable D10.4-Version Final, 2022-11-30.
https://aegis.autonomous-ship.org/resources/reports-and-articles/.

2 https://cordis.europa.eu/project/id/955768.

% https://etn-autobarge.eul/.
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VIIl. ETN-AUTOBarge It H

2021 4 10 A % 2025 4 09 A, Bk % 3-F4 2020 # % 5 €1 %73+ X (European
Union’s Horizon 2020 research and innovation program) i if £ H2020-EU.1.3.1. -
Fostering new skills by means of excellent initial training of researchers % 7, # A\ 409
ARTAIMEET “BERMATHEAAMZHRMENSHRTFNE” TH

(European training and research network on Autonomous Barges for Smart Inland
Shipping, ETN-AUTOBarge) 2, T E #f 5 F P\ A T £ 4.4 Bl 40 [&] 2-17 #u & 2-18 f7

Do

Beneficiaries

Academic Beneficiaries
@ m [ andPartnerOrganisalionsj

[KU Leuven)

@ | . PERISKAL wd dNOn-Academic
o (PERI] Participants

Partner Organisations

© Sane =

[RHM]

@ paMsN &b

[DAMEN]

©f ; B2 TN |
[UA) @ [VRV ﬁ]
13 e
@ TUDelft CArBgini m [:.é]
®NTNU T
@ [NTNU] @ '(('/:tgiuil-llilialiu M
Hamburg [LIH]
© @norp s argonics sm
———————— [ARGONICS] ﬂ
P @ %NOVATUG
[KM] [NOVATUG] ﬁ
= Visee: ol
7 R oW
UH MARIN
® A mariny Sk
=~ gd t. )
IDIT= = VLl =

& 2-17 AUTOBarge 5l El % 5 # 11

! https://cordis.europa.eu/project/id/955768.
2 https://etn-autobarge.eu/.
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“Dag . ANE
€cCig, _gffec
” eand Act-E «©

i A\
fling ang motion <°

ESRs 5-9
K 2-18 AUTOBarge %1 H T/ &,

IX. BUMEEZEE SAFEMASS InH

Bl vE = %2 4 /& (European Maritime Safety Agency, EMSA) !, @it &5
MASS 18 X # MSC 2, #EZ £ L@k ¥ Z 74 (European Commission, EC)
T X, 1 RSE /T B M4k, A AR 3 2 P2 B R 4 (Vessel Traffic
Management Information Systems, VIMIS) 7 &, BN L EHK FEEZ R RS
ERB/PA T NEANBRED, FATAZREERARIEERL T EATH

2019 4 7 A % 2020 4 3 A, EMSA Z L4 B AE % 4L (DNV GL, I Det Norske
Veritas(DNV)) 7 & 7 SAFEMASS (Study of the risks and regulatory issues of specific
cases of MASS) T E %, & i Z Ak AR i1 [F] B £ A2 & B 7 sk oy 3 MU o i 8
b, DU EU & R E. EC LLE IMO R E:F & X i A . SAFEMASS T B # L
B EAUAT R RAER ] 2-19 FT .

1 https://www.emsa.europa.eu/mass.html.
2 https://www.emsa.europa.eu/mass/safemass.html.
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4 Y U
Condition detection \ / Condition analysis \ Actlc_m Action
planning control

RADAR [ N R

Rl Sensor

fusion
CAMERA . Collision &
- and | | object [][| world Object Situation ||| g?oLsr:Z?ng || control
LIDAR Serc:;is' detection Model classification analysis avoldance system

cation

— O\ D S

[&] 2-19 SAFEMASS T H B £ fitfT £ RAE R
SAFEMASS #f % 4t & 1,35 Part 1 £ Part 2 # #14. Part 1 %44 xf i it & A3-
Bl B fiZfl A F TEATH =M A E R BERRKE R K FRRKEHEZR G
ToNATAT b 1 I E A <87 KU« Part 2 36 -4t X i 2 A2-BO B £ A4 ACF T i
BREFEHMEMNKATALRE ARG 73040 & F R
(Hazard Identification, HAZID) . #4447 (Fault Tree Analysis, FTA) LK —
48 4 % #9 X[ 72 % 28 T (Risk Control Options, RCO) #u X [& #2 4 # # (Risk Control
Measures, RCM) ; Part 1 #4-1% &3 5 A3-Bl K A48 Koy li B 1T HF . H o,
A3-B1l. A2-BO 7 B £ A= %] K -F £ MR 4E Australia, Denmark, Finland, France fu
Turkey % [E 12 22 4 IMO #y MSC 100/5/6 12 £ X428 B £ AK-F = X, ZRER 4
i B E ACFan E 2-20 FroR.

Dot

Sensor 5

/
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No qualified operators | Qualified operators on

on board but qualified board

operators available at
a remote location

A0 Manual AO-B1

Manual operation and control of ship systems
and functions, including basic individual
system level automation for simple tasks and
functions.

A1 e A1-B0 A1-B1
Permission is required for the execution of
functions, decisions and actions; the operator

can override the system at any stage.

Supervised A2-B0 A2-B1

The qualified operator is always informed of
all decisions taken by the system. Permission
of the qualified operator is not required for
the ship system to execute functions,
decisions and actions; the qualified operator
can override the system at any stage.

Levels of autonomy

A3 L A3-80 A3-B1

The qualified operator is informed by the
system in case of emergency or when ship
systems are outside of defined parameters.

Permission of the qualified operator is not

required for the ship system to execute
functions, decisions and actions; the qualified
operator can override the ship system when
outside of defined parameters. Provided the
boundaries of the ship system are not
exceeded, "human control" becomes "human
supervision".

[&] 2-20 MSC 100/5/6 #& 5 X 778y B & A 42 il A

X. BiNiEE% </ RBAT INH

7 SAFEMASS #7048 R % ah £, 2020 £ 8 A £4, EMSA Z#FE T %
F MASS # 5 — A5 B £ £ F A% 81T T A (Risk Based Assessment Tool, RBAT)
WIhREERT R, B A HTH MASS BEATT X — MR IFFER, FHF0EZFES
DNV # 5 #]

RBAT & m AN EEHAE KR, K& L5 IMO 4 4 %41 (Formal Safety
Assessment, FSA) & ¥ B 4E 42 :

> HR AN (FrimAE4EE]) B9 F (Describe use of automation (and remote

control))

\

> AT A E 44T (perform hazard analysis)

1 https://www.emsa.europa.eu/mass/rbat.html.
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> HATE M A (perform mitigation analysis)

< AT KT (perform risk evaluation)

> EH MRS 77 E (address risk control)

Xl BRI

B M A K Bt (European Space Agency, ESA) 1 A1 4% 48 & 4n 7 F1| A == [8] 3% A IR
B EMEEMAALE .

REBER AR D REE AR EATREN RN L AW, F, o
BEFENLGIA, REFIM A SHOKEREF 2 T M, 1 E (T8 5% 4 # &
LA AR R, B0 RSALEREN TR, B RS LR
WEER, T2 FRISINES, ARLT2FBRAERRE. A, 2017 F,
7 ESA 893 F # % 1+ X (General Studies Programme, GSP) #£ £ T, —%i4 4 “Al
F A4S T E A% (Global Navigation Satellite Systems, GNSS) 71 A #1148 # A #2
B _E kB % AP ( Using GNSS and Big Data Techniques to improve safety
in critical maritime operations) B # % V& 21 B4 B 2%, VAR A b Ao U A B9 &
2. FATEATITBENFHAEEEART BT SR KB AR LFE
FIAL R EY S AR, LARE — K3 B8 AR AR Z 18 B9 2 B A E 7] R B AR AR B
hik A £ % (Automated Identification System, AIS) #1 GNSS ## k X #1Z T H,
i 3 W AT Fo AR R 2 BT AR 5 AIS. GNSS R IEAE 4 A, A T fea = ¥
A IER EHF RN EM AR e TEE L E E A% (Electronic Chart
Display and Information System, EDCIS) £, % 2-21 fior. % & 40438 1T 15 A AA

LWk B ZS )1+l (European Union Space Programme) &Rk fiii K= (European Space Agency,
ESA, https:/iwww.esa.int/) F 2021 4 6 H 22 HJa 2h i LARK B 27 A4S pl i B AT E D H bk,
THEESH . HBOWM ., 23 8355 B EN 22 4l (5 G U R R I3 10 ESA Nizit k)
WA R 25 1A% S (European Union Agency for the Space Programme, EUSPA,
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/search-all-eu-
institutions-and-bodies/euspa_en) F T-#i41% it Xk & . EUSPA manages public interests related
to the European Global Navigation Satellite System (GNSS) programmes EGNOS (European
Geostationary Navigation Overlay System) and Galileo, the Earth observation (EO) programme
Copernicus, and the European Union Governmental Satellite Communications (GOVSATCOM)
grogramme.

https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/Makin
g_way_for_autonomous_ships.
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FMA GRS —F LB ER AT, ZIAIEEE 2 B w0 K ALAE
MEMEFRAMT (WA, BRAEY AT B8 20N ks,

PilaBun 3 PVT_

vvvv

=2 -,-1.—-. - e Ty —
1 e |
1

4+,  ESA 5 Rolls-Royce T 2017 4 & 7 B\ 4 & %!, & T H Space 4.0
#n Satellite for 5G (S45G) & (EFF & Foda iE 3T AR 7 & R AN T B Fn TLE R G fg o7
Z, XM G =B fNE RSB EAT L B ZHNEE, FEHARRF BT
Al TR A RS O A, WA 2-22 FTR.

1
https://www.esa.int/ Applications/Telecommunications_Integrated_Applications/Space_technology _t
0_drive_autonomous_ships.
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S

HOSPITAL

A 2-225G T 2= A A
Sl [E B, ESA “Discovery & Preparation iTX!|” 3 #2 A 5k T W 5t #7141
R, B - RERTHBITH T ESMA S, UEIHE Az, BK
i 1E
> BT E S AT AR AR B ke v R B JB] bk A KO BT R B RE T
A ULE I A R R B AT S A AR AR Ve B E AT R AL, DLRCIRER AR AR
Aolg vl S g (AR EREMIGHRES), AT XA E k.
> BT RAE4-F|F ESA B Galileo #1 EGNOS % 4t 5 i+ & At Al e 37 %
%, BEAIE AR GR ENE O An Lt 5K BT A AR AR, DL A

.
S BT ARNT LEREwMAABMRA RN Z g, AT EE R
AR EIRE E

2019 4, ESA “Discovery & Preparation 1+ X|” 2z 7 FF 7 = |8 €] #7-F & (Open
Space Innovation Platform, OSIP) , *F"F Af1#8 H Al Fl A = £ 3 B F fniz oy Bk,
ETFTE—"FF, TR, FHERATREHUREL/ELERECL B, M
5, ESA 5 OneSea & 7 — R M & ST, WARKXFHIE, TLmiRfeikiE, MU
RH#RENFNKE, NN, AL EEERF I E £ K,
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2020 4, ESA B F 2L ERERATE AR E EMEZHEN: —PER
B E M, SHf A (Position, Navigation and Timing, PNT) #i %, ¥ X H
IWIEEMRATIZEANEFS, HiEHE PNT #REREN, HERLAAA
L B AR R B B GNSS sk 23l ix 8 E 7% F—IUE s =T A B T RiEA A B
EMEEAMEAHERBEA T %, KERREACFORE, 2o EEE,
ES B EMENTEE

ESA % BT ZVRIAF ZHAL BN — BT k— “ATHEME 0N
B9\ L& BEINL B2 5] £ BB mR 4" (Artificial Intelligence / Machine Learning Sensor
Fusion for Autonomous Vessel Navigation, Maritime AI-NAV) , ZitX| & /£ # R &
ATEERE NEFIMATEHNESEZIAMMELLWE E5M. ZRE K
GelwBElGk. BEXET. §h, BOLEL. LESMAABAZSZNEIE, B3
RAER, FREASHBRBRESN . £ =W E [ H %A (Finnish Geospatial
Research Institute, FGI) #y & T, Tallink AT3Z /2 & 14T T % = Helsinki #1 Z 7 &,
T Tallinn Z [8| % {rig e — 1§ 212.2 kKW ERIER “Megastar” 5% 35 T #3E
&R %, JEIT R, W’ 2-23 FroR.

1

https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Space_for_Earth/Sustainable_shipp
ing_for_a_sustainable_planet.

2 AN BRI g TR ST R G 2 A SAETE SCRERRIN AR 3t 2 7 FF R8T (1 R AR R AR
%, Ha55 2 ESA EiT@ﬂnﬁ' RISz Hit%) (Navigation Innovation and Support
Programme, NAVISP), ©37HF T 200 Z4NTiH .
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};‘/\‘ ﬁ» R

3

[ N, @
= ——————a
79% SN (- -

& 2-23 Tallink Z & JZ % “Megastar” 5 # 12 lg & )31

23 XEFAMATFREZER S

FREILT 1815 F 8y W FATAT + £ % A« (Central Commission for the
Navigation of the Rhine, CCNR) & — AN A EEH AT IR T W EIRA R, A
EE., WAle, 28, W=mREE5ARAE, A5 11 AREREUR EU,
UN-ECE. UNEP % E[[T AR MR8 RIF 86 1F X #% CCNR B H A0 B AT &
R 5 WM A FEATIZ N E R BRMATRET RN G LT,

2018 4 12 A, CCNR %71 7 EHIF L& — kT WFE AT B oL AF (Levels
of automation) #y & 3, ¥ R AAAT B A HACERI 4 4 6 A FR3:

> O-TEINK, HEKHITLHANSMATES, NEFEERTHARAS (L

DOREEAR: PRESN. ZHEEIREMRE!
2 https://www.ccr-zkr.org/10000000-en.html.
3 https://www.ccr-zkr.org/files/documents/cpresse/cp20181219en.pdf.
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AR 5 )
> L-BAH B, RIBAT IR B B A B S R AN KIAT A SMATEF- 82
GERACHE, WHEEY. RERE (TE2EFD;
> -y EAN, REMTHREEMTEAURG (BB EANA R E
) ABKIATASAATE SR R A2 B OREZIRER, 7
DLk B A2, AR R OR K E AR B ED;
> 3 FEAHWES, MATEHURAEEMPATHANSMATES (BE
A, MERKAEBERETHERK RS R ARERHH L (RIEERTE
W, LA ETARES, AR K EE AT EE );
> ABEHAN, MATEANRARRERPATHAISMATES LM,
K T o o T A Sk (RIEEITER, LR ERBES, AEME R
B HIE AT A FHD;
$ 5-HEMh (RAEHMN), MITEANRARFEELEHHPITHANS
FATHE S E & e, MRKEFmAE THE K (REZFEN, TURE
TAREF, MAEAE R R E EATEE R,
CCNR T 2022 48 & A7 T 51 15 PR #9587 BRUA € S An A S AL, Bk e U Fa X
SR A 2-24 FTOR .
Rl Et, CCNR 35, sy mAgsslf il s e st A FEX. B £
W (ZAEAN) BARE “MATEANR AT AN SMATES F G EHREAF
B, TAMHHIRE, MAFH LMK THERMEEL” . TREFERE M
TR K RSB A B AL R . e E o, “mARIEH” WM R E R
MAHE R DL ST B At 3 77 $AAT 5 4 B B0 BT B AAT (- 19 — A F B (Bl m, AR AREE A
X AAT PR Y U o BL UL RS S AT RS-0 G &1 aE) « NBEAAEE, X BT
RPATHES T U B A RBINERAT. Bk, BIETRERERETHHE, T2
BHA SR E EMH,

1 https://www.ccr-zkr.org/files/documents/AutomatisationNav/DefinitionAutomatisation_en.pdf.
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H e, Az E S A0 B8 3£ WA B BB A, BIGE e 017 8 6 3 248 7] 89 5
Afik & R\EEHUAT, BLZENEFURFAFER T AR EL RS,
Mo fERE I TG4BT NAATH

> EEA T DIEARR W, S TR .

> WEABRTUREAR, 4R ELE,

Craft command | Monitoring Fallback
Level of (steering, of and performance
ot Designation propulsion, responding to | of dynamic
automation P .
wheelhouse, navigational navigation
etc.) environment tasks
NO AUTOMATION .

0 the full-time performance by the boatmaster of all aspects of the dynamic navigation tasks, even
when supported by warning or intervention systems

BOATMASTER
SERFCERE STEERING ASSISTANCE

PARTORALLOF ‘| the context-specific performance by a steering automation system using certain information
THEDYNAMIC about the navigational environment and with the expectation that the boatmaster performs all
remaining aspects of the dynamic navigation tasks
NAVIGATION

TASKS PARTIAL AUTOMATION

2 the context-specific performance by a navigation automation system of both steering and
propulsion using certain information about the navigational environment and with the
expectation that the boatmaster performs all remaining aspects of the dynamic navigation tasks

Be
i
Qe
Be

o
i
Be
L
8o

CONDITIONAL AUTOMATION

3 the sustained context-specific performance by a navigation automation system of all dynamic @ . @ . @
navigation tasks, including collision avoidance, with the expectation that the boatmaster will . .
SYSTEM be receptive to requests to intervene and to system failures and will respond appropriately
PERFORMS
THEENTIRE HIGH AUTOMATION
DYNAMIC 4 the sustained context-specific performance and fallback performance by a navigation @ @ a
NAVIGATION automation system of all dynamic navigation tasks, without expecting a boatmaster

TASKS responding to a request to intervene?

(WHEN
ENGAGED) AUTONOMOUS = FULL AUTOMATION

5 the sustained and unconditional performance and fallback performance by a navigation
automation system of all dynamic navigation tasks, without expecting a boatmaster
responding to a request to intervene

& 2-24 CCNR W 7 AL AT B 2 A

Ht, mAE &0 B T B B T AR A, LUK IR A RS & X 38
A kL R T E A B S R G LA TR

ERERBHERLT, TREFFEAULIHMMMAZ M EHKRR, FE L,
I RMARE R W, TR — LA E, EAEESE R RATETN AL
FEREE R ER, RF MR AHEE, ML EMAME R L ENIE, ZHX
GRNCCDIN Dy

> AR EA A RE & HAT X TUE S BT % BB R .

Ll
i
Ll

Yk AFEZONE E SR DU AL AR ], H S R AT RE S AUE AR SRR, AR fR
[R5 2K 2-“B KT 4-mE EE 5N T PR R Zhat—Ie & N LT
“IEHERAERE AT A S PERE, T LA PN RSO .
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> MAER - RWENUAT, ST Z AL ANE, REREHE
B FHTEERL T Bt

A TR T RAER —NFU . T2 URNTEER ARG, Bk, wRE
TAEER A EEAT, WTUEREREAFERE S - EANTEER RS,

ERBEERT AU A RZADRKRANERLT, FEIIINEMA LN
TR (AARBAETEHNAT) , wH 2-25 Frr. YBENEANATETRR
DL R AL AR 15 ) & AR W TR A SE LA AR AR Y &2 2 15, X AR R RAE & 2 ATAT .
Blan, AR AFBIAR AL RS & 0 B V&, AR L 8RR K RE4% SL BT B 8 A Al

Preconditions for remote control

Yet to be determined

. : . Possible depending on the context
Subject to context-spacific execution - ]
The context may have an influence on
ements (number or

Passible only if. in-addition tothe
technical means by which the
automation levels 0to 2 can be
achieved, there are further technical
or human means on board with the
required qualifications. These means
must be able to bring the vessel into
a safe state should the remote 0 1 2
control malfunction

Paossible only with additional means

Levels of automation

&l 2-25 A~ B 21K T A2 15 | B B0 4 1
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3 EMERHRWH K E M
3.1 AR

MEJFRENGFEEFZVNL R, 2014 &, HR (FREEEHFT KT
%| (2015-2024) » (Long-term plan for research and higher education 2015-2024)
IR E N AR AR Z — . 2017 F, FEEBUF A A T (2017 Ocean Strategy:
New Growth, Proud History) , &8 7 & 2t v v = b 2 [8] s iR fu gk A 451 iy & B 14,
IR CBE ARG G B R R ARAT LB R LR R R T R A
MAEXREE” 2, 20171 FHFLBEFaRF— (EHE. . EAQUME
B 7k ) (A Greener, Smarter and More Innovative Industry) , = 7=\ # & 4 3
BEKEEWNEEF L Z—,

|. MAROFF programme

K 7 23 B F (2015 Maritime Strategy: Maritime Opportunities — Blue
Growth for a Green Future) 1% = #y B 47, # & #f 50 Z& 7t (Research Council of Norway,
RCN) #txfigE Mt R T R ARk E T “HBEED 50 2B EQUFITR”

( The Innovation Programme for Maritime Activities and Offshore Operations,
MAROFF) . MAROFF it x| = E % By pfr R B 9 B H . T b 36 7] € %7 51 B
(Innovation Projects for the Industrial Sector) F24T b £iR Z % H (Knowledge-

building Projects for Industry) . [ B, MAROFF itX| & & % B 72 LL T 14 48 4 841
1% ST WY &6 A7 A0 G BT B9 B LTS B

<> g B9 HLIE  (Opportunities in ocean industries);

> B EAEEAAE (Autonomous and remote-controlled vessels);

> wETVHHFAER (Digital transformation of the maritime industry );

<> B3t EINRHIEE 55 (Promoting greener maritime activities);

! https://www.forskningsradet.no/contentassets/5179c59c58294219b2aed2fcfa2973c¢7/maroff-work-
programme-2017-2-oppdatert-2019.pdf.

2 Maritime knowledge is vital to the development of the seafood industry, changes in the petroleum
sector, and the development and utilisation of technology in the ocean.
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> g b %24 51§42 (Safety and security at sea);
< bR Fode B H X (The Arctic and northern areas ).

II. NTNU

2015 4 8 A % 2019 £ 7 A, #MEME AF (Norwegian University of Science
and Technology, NTNU)  Z 3L7&#8 7 #i & #F % Z R (Research Council of Norway,
RCN) . DNV GL. KONGSBERG. Maritime Robotics 4 # |] 2 4\ # T MAROFF
R BT R SRR AT L e R R T EH —— 8 £ K E A AR R & R B 5 # A (Sensor
fusion and collision avoidance for autonomous surface vehicles, & # AUTOSEA) 1.
Autosea I B & B F — A A% R 25 fk 2 AR AR AR AL (9] ALY F AR L IUE
EXATEZE, XHATUAMXTEEZMEEANARIE, LFaF NTNU
Digital Transformation initiative IL TUEY “ 3% T A B 2 820 B £ F B ERITT L TEH”

(Autonomous all-electric passenger ferries for urban water transport, & #¢ Autoferry)

2

o

[[I. NFAS

2016 4 10 A 4 H, H# @ E=E (Norwegian Maritime Administration) . #F
B 7€ 2 & (Norwegian Coastal Administration) . 4 & T W Bt 4 4 (Federation
of Norwegian Industries) 1 MARINTEK ([, SINTEF Ocean) 4 #L#4 % #2 894 & B
FAEFAS 35 (Norwegian Forum for Autonomous Ships, NFAS) IF X & 7. NFAS =2
—/NTE [ RS B E AR AR R K AR A A SR R R R S e 2 R e A g B, AL
AV T o T B AR % 4% (Trondheim) #7 SINTEF Ocean /A 5 .

2017 4 10 A 10 H, NFAS 4 HAtAEME — - AT RA (B EZEAEZX)
( Definitions for Autonomous Merchant Ships) 3, £ EZ| A £ H A frsh 1 2 E 8
Bt AT AERENACRFEZN, MEEREZF W B UATFHE
FEEKTMRE (MASS) XIn K 4 F KA.

> BHEHBZR S (Autonomy Assisted Bridge, AAB) [# 4 H AZE R &

! https://www.ntnu.edu/autosea/about.
2 https://www.ntnu.edu/autoferry.
% https://nfas.autonomous-ship.org/resources_page/documents/.
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(Continuously manned bridge) —— %3¢ &4 %4 AMEF, AF R LASLRY
TMEE#HATHGE, XRELFETAFANEEE®K, REFFTEHE
W2 B¢ & T 3 RE R MR REATVE

<> BT AZY 4 (Periodically Unmanned Bridge, PUB) ——#E AHF] LLE &
PR ey B[] 9 (il e N VB AR R IF B9 R A T) R A BB & RE T W IF I
THEAT, BREML, WRBIFATULHEER S,

<> FEEIT AZ A (Periodically Unmanned Ship, PUS) ——#E #f 7T DAK B
[ (PlanE RFEMATHED AR T ER M RETHENTET. £#H
B R AR A B AR S A AR AR AR A AR AR . M EAER AL S CUS
R

> BT AZEB A (Continuously Unmanned Ship, CUS) ——#i Al 4 1% it
AEEARGEEY AT UTARE, REEERAZLNEALT . XE
REMLEREAMBIRERNER G, BN, ZMAEEEHIETERN PUB, A
EEBMAREA, FlRERELE AR

5k F B, NFAS UK AEARB R 1E B EACFRIS N 4 M5

< IR X FF (Decision support): X 5 Y A-fo ok R W HAFRARRX bz, BA
#a 7t Se #E e % # F 12 (Automatic Radar Plotting Aid, ARPA) . &, F 5 & %
4% (Electronic Chart Display and Information System, ECDIS) #u% . # &
ARG (Bl ), BRMAEEERMEEE, AFELERA
B, X—RAEBESRLT “TEHER,

< Bz (Automatic): MEAHE R ERHBWENNAS, TUELFART
B TERELERRGHEE (Pl SELREAEH ), #
FHEEFRERENET, WRXEETABIIEHHEME TR FIERA

AT, #&E#E4 F.0 (Shore Control Centre, SCC) = % 3¢ & A 5 [ it 7]

AT T, HFEFERBETREREEES,

< %R A E (Constrained autonomous): FFfEFE A % HE N T 255 LL4 B 3
AT, R TRE N B BB TRHRE I (Flndat), 7 /T
FE P R S AT T IR %) (Fldn 53 R i & S8 BT 18] B9 | AR 2
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m R A PR S [ P 5] RETG vk A ke ey A TR R AT T SCC sk
EREAAFERERE, AERGERM LHBETEH, TN, 254
HEETZAIET,
< %4 B % (Fullyautonomous): #F#AH BT E A BN, XEREFMRAL
27 SCCEHEF & AR, X TRAEEMENZIZEIRE T NEERN
e - MAZWBNFTE; 4, EREAREWEEN, X2 —MHTK
FREEL, HAXRRERMRARN AL LRSS, HEREHEH
KB R e AR =
ERRER L, REFCERA BT HANER ST AT REER ZAF,
NFAS (iifr B B EX > v AEES (LEE) . TREH. BN ERE. B
AR, XIREE. T2EE%6MKE, wWEHILHAT, 2R ERAEAEREE
FEANBEE.

TANEBRE- TANERE-
BAERE RERTERR XERERER
Manned bridge Unmanned bridge - | Unmanned bridge -
crew onboard no crew onboard
st il e (REE) iy i
Decision support N Remote control Remote control
(o] autonomy

Bt Bt BaAARAa SEié e
Automatic Automatic brldge Automatic ship Automatic ship
ZREE ZIREE ZIREE

Constrained - Constrained Constrained
autonomous autonomous autonomous

=LEE ) ) EeEE
Fully autonomous Fully autonomous

Al 3-1 NFAS X 2 e g fn g =2 &

HTHEZAEANEFEG, EXT 2MTanE X3,

S HEEH——EREARBFEERRE, RETHRSEAH LN E L
e (Bl B A B R R RAEIFHEE); TR, XTE—FEE
KA, EHT BN, CRASESLEF,

S HANERE—BRERAGEREMN, EREARTEEEEN,
FARERTHAT T B AP R E, B AR EEHTT
o
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HTRAELAREAHETAZER RS, F 4 MEEXRE (ERMEZER AR
HNBE T T S gE 45 7] FEIEAT) -
> MEEH——SHEEFEE, EHA SCCEHFEAM KEFTE—
MEEMEE, BhTEGHEEF L& 100%™ £, £AZHELTH
MR FEERGEARMET B EERT.
> B MMR—E5aaitER eMEE, Ed SCC KE,
%IR8 E£——md SCC .

<>

v REHEET——F%SCCIE; xMAAWEFTHAFEREEZI, LER
FRFRASHEBNEF R D — R, BB RA AT E X A
#FTEABK.

IV. Yara Birkeland

2017 £ 5 A 9 H, # AL AL E 5k 7 7 [E FT % H] (Yara International ) 5 Kongsberg
ERAERERR LE A EE B EMTWERES— “BE 7=
#: (YaraBirkeland) , [ 3-2, &AM &K B £ ATE T — x5 EE#, Yara
Birkeland it 1| 72 e # [E PR F 9 i 7R 9 31 89 £ 7= 1% 6 5 Brevik Au Larvik 7 0 2
Bl AT, TATEE H — B RIS AT, 2019 4R 4 mm A2 48 1F, Tt A 2020 4 52
w8 EEIE, WG, FER Marin Teknikk 7 #61% % 89131, 2017 4 9 A 28 H,
£ T YaraBirkeland #y & 4% 1t HI/E8Y 6 KK . 2.4 vl F By A £ SINTEF Ocean 1z
T Trondheim By AMIF 2N, wE 3-3. HGUEE, #RAMESIEDNHE N
ENOVA 7 % 4% 7 H 42 # 1.336 124 & 5 BA By K 4 X H#2,

! https://www.kongsberg.com/maritime/about-us/news-and-media/news-archive/2017/final-design-
of-yara-birkeland-revealed--model-commences-testing-at-sintef/.

2 https://www.enova.no/om-enova/om-organisasjonen/teknologiportefoljen/zero-emission-logistical-
solution/.
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] YARA
iiid | BIRKELAND

] 3-3 Yara Birkeland #y 4% % ] 34

2018 4 8 A 15 H, Yara International 5 4 & i A5~ VARD %4 %& T 18 2.5 12
s 5 BB 7 4 4 [F] , VARD # T 2020 447 5 i Yara Birkeland #9722 f11, 2021 4
11 A 19 H, YaraBirkeland 7 4 & Oslo F % & fit, J& T 2022 45 4 F #£ 4 Bk Porsgrunn
BANBNIZE . R E RS e T AZREE AR, ERIUEMAAT R R, fl
RARFETHRMNARELRA, BOLEL, AIS. BENFERESHME, LIE
EKABEIE. EfE P E AT A, BA L% SR B ERRE . Yara
Birkeland £ A1z & f1 5 4 4n & 3-1 B or o

1 https://www.yara.com/corporate-releases/yara-selects-norwegian-shipbuilder-vard-for-zero-
emission-vessel-yara-birkeland/.
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% 3-1 Yara Birkeland £ A& % #!

I E ZH &IE
BK, m 80 -
A, m 15 _
AE, m 12 -
WEZAK, m 6 -
25 fnaE, knots 6-7 _
R AALE, knots 15 -
# % E, TEU 120 -
#HEWE, DWT 3,200 -
Azipull F#f3E 22, KW | 90052 | Rolls-Royce 7\ 7]
ik 1 =X A A, 7002 Brunvoll /]
B EE, MWh 6.8 | ¥+ Leclanché/) &
B RIHR G % = Macgregor /A ]
T B o = AR R T R % 2 Kalmar /A &

Hftif & N A&
2018 4 4 A, Wilhelmsen £ Kongsberg & 7 & % # 7 2 3K & X T AFAEATIE
X # 132 F A YaraBirkeland 5 B A fin 58 0 52 2 09 0 (2 4%
Mg, WExIT. FL. BEER%G. WRRFFAEAEZE?, Massterly T 2018 4 8
HIER I NZE, A B Lysaker 2 57 T A2 # {F .0 (Remote Operations Centre,
ROC) . H#l, Massterly & 7 Wl #niz & YaraBirkeland 4b, 7 4h L @R T €
B ASKO BV AZ B3 71 . AR R B £ ATAT T4 A Moss 7 Horten 22 18] 8938 5 A

1 https://www.yara.com/news-and-media/media-library/press-kits/yara-birkeland-press-kit/.
2 https://www.wilhelmsen.com/media-news-and-events/press-releases/2018/wilhelmsen-and-
kongsberg-establish-worlds-first-autonomous-shipping-companyy/.
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12 4nlE 3-4, ASKO B9 AL AR AR B Wi zh 1 EHe s AEfH, A TARFEZ @k
B> CO2 R, B i ENOVA # & T 1.19 128 7 B A £ A X #3,

&l 3-4 ASKO w5l 71 B E ATAT iR % AR
2022 4 6 A, ENOVA LR # T 1.5 0BT BBy & F T 3 = £ A Bz
Al Samskip A1 & H#R AL T = E AR By AL E A AR EE Ocean Infinity
i 2 % 500TEU A3 /1 (32MW WAk st ) . AR Hfu B £ 3t 4 09 & 5 40 AR Am
Wy, Wl 3-5, ikl 2025 FZRIRA, EAEEATHE Oslo bkiZfusg =
Rotterdam 2 [8] By 1 ¥ 45 # 32 &1,
2022 # 5 F, DB Schenker, Ekornes, Naval Dynamics, Kongsberg Maritime AS
Fu Massterly 217 7 — 4 55 ig & X AL Tt & 7], ¥ Fl T B¢ = Ekornes ey ir 4%
iEHr, JFK Al NDS AutoBarge 1% if——45 ASKO 48 B #1i%11°, 4w 3-6 Aror.

1 https://www.massterly.com/news-1.

2 ASKO 1 19 7% 25 flt——MS Marit £ MS Therese, Hi4i8 Naval Dynamics 1, 2022 4 9
H MEIEEA Cochin Shipyard 221}, KT 2022 4E55 4 ZEIFURis1T. 76 M Massterly iz FE {5
PR HEAT I FA TG N 21T, Kongsberg 1) H T E BRI RN AE 2 4F A -EAT ) el
G LR U AR L Be % 2T

% https://asko.no/nyhetsarkiv/asko-maritime-skal-sorge-for-6.000-farre-tunge-kjoretoy-gjennom-
horten-sentrum/.

4 https://www.samskip.com/news/samskip-and-ocean-infinity-secure-funds-to-drive-forward-
hydrogen-fuelled-seashuttle-container-ship/.

® https://www.mtlogistikk.no/autonomi-db-schenker-ekornes/autonomt-skip-mellom-sykkylven-og-
alesund/660006.
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18] scvener m&gn | DB scHenkeR

G somwan EKORNES

& 3-6 EKornes 42 v % £ 44 A1
3.2 BAlut

|. Seafar NV

£ F tb FI B Antwerp B9 3 A F1 AR %/ 8] Seafar NV £ & £ F2 5 A5 3 A i/
BEMIZH R RAT A MZEELSTEATHAH 2, B 2019 4 10 A F#4,

Lengde: 49,90 m

Bredde: 9,60 m

Design: Naval Dynamics AS

Kapasitet: 9/18 40’ ISO containere (300t)

Batteri: 600/1200 kWh

Rekkevidde ved 10 knop: 20Nm/40Nm

! https://seafar.eu/news/.

2 BT NT#EE (Artificial Intelligence, A ¥ H EMi4T: {4 Seafar 1 Al 535, MHAAREH
S AL AR BRI AR AT A, Fd e S A R G AN 22 4 (15 L .- Seafar i
2 BRI SRR AL IR, R H Al R TR AR Al S, DL STHERA I I i, 1y
SUPEAE — DNEAE b, ARATE N ZHBIX ) B 32 R0 SR AT A il R et 2 0 P
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ZNE EATTRT KREMMEEIE EHATNRK, BT HEAE Antwerp B 2 Z 12 5|
/& (Shore Control Center, SCC) , EZ#%E®&F 10 A LIT + 8 EMAT— &N
MK SCC F BT 4645 3 AEAE, X L AF¥] B2 A [ 35 ¥ An i _EfeAT, RAD#
MRS LTS TR, KEakL, —EHIRAFN, BERE LARTFH
T DL B 5 4] A R . Seafar € IE 72 Namur #2 Dordrecht #L%| 25 {1 #y SCC. M 4h,
Seafar £ 5 7 Z B A 5 g s L AR A7 Alewijnse B I &-1E, X B3 I 4 € #5
R, LM LR Rk & E, AT RS B8\ SCC #AT TR 47 fn H b T 0.

ll. Zulu Associates

Zulu Associates & T i A1 7 7] AR A8 4 R 5 AL 8RBT AR R AL T R E A
BER, HEARET EERERERES, EFLAMESENEAE, BigM0
BiEA A A EHHZEL, B E AUTOSHIP T B By & (E k£, AT HF
RIAS B FfMATMR. /5, ZuluAssociates ¥ —#F FF £ % & & £ AR, 70 F A
R (A, ERGE, B&E) , BEREFOBVEX, DUIERTHRELN
PO A, FZRTI P — R X-Barge, —# CEMT 4 &K A, 3 H 2 IEH X
MRE AR UL 2023 FAFXEH LWEEEE, HEBEAAETLTABLE
BV,

Ill. DEME

2020 4 10 A, DEME # Scheldt 77 £ 7% 7l 3% B sl R illiX, A+ 898530
Wik aE—NMERAN A%, — &7 LLE £ MM T /EA (“Marine Litter Hunter”
5 ) fo—/ 7 ¥ F2, Marine Litter Hunter & —#% B £ 41470 T(EAS, ©ERI K
BHGER S RAT, ff LB R REN 5B 1F REH E NI LA 3D M H AT
BEE, YEXERFEN, THEE2 BB EFE RS, A E AL LW
R ENE ., Marine Litter Hunter 2 7 28 F 0, JHrEMEILE ZEETE. N

HTFHLE% 2] (Machine learning) HIBERSYIIRM 57028 BOLH L (LIDAR). FHIAMFEG
WUSEA AL A% A2 ] T BRSR AN 0 R . IRl AR B IR rh 2 23 J R AL
weF TR . Seafar W FUR 45 & 37 SR 52721, fEMIRZ AL EAE 2, T cieas
FERAAT AT ME

! https://www.zulu-associates.com/.

2 https://www.deme-group.com/news/deme-deploys-autonomous-plastic-collector-river-scheldt.
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WATHIEAD R AAD, B 2020 48 3 A LUK, AR B ML ARSI, £ 8IE AT
BARBELTH; R WA AT HULE AL, 25 A R T UL B RHE B

|. E8efmizitXl ( Smart Shipping Programme, SMASH )

AR oA aE N E AR AR, B X —HBHNEREERE, EEEKE
BREEE Sy, XERBIFHT BRBR LW ENUAETN, LEEEMEBAR. 7
= H A i A K K IR & 32 #0 (Dutch Ministry of Infrastructure and Water Management )
WNAX— BB ERKEFTERRARS, BEEAELR BRREEA. AL, &
B A 15 3 | (SmartShipping Programme, SMASH) T 2017 4 ik 1, & 718 #4564
Rz el Ft. RERRE RWEANZHE AR, XRETHRBLEW
M, REZRTATHFL—MER, EZELN, & a8 ATIE 47 £ 47 = F0 B IRk
BKEHFTEMUER. BT HZEREERARBREENS, HEZKER

(Rijkswaterstaat) 2. 2 £% T B\ (Dutch Coast Guard) & A Z¥R3E friz gy
22 & (Human Environment and Transport Inspectorate ) 7, 2 47 g¢ #7 32 1+ X| 9 — 3 4.
ZURIE L UT AR ERAZIHITNE S A, R Falk:
> B R: A RHT IR B E BT R O e
> B ERAFEERNRE L EMEN, AL ERAET 3Lk Fr ik AL A
TERIHTE & T 80 J5 B 4% 5L ;
> EAhkk: EEWEIE,
S OB EEBRAMETEL. fEH. RE R IEM A A IR .
SMASH! Z Z b AT ZW 45 : B L. B oIS KB ®E B 3 LT
SMASH! 2 #7 = & #7326 3= (Netherlands Forum for Smart Shipping) , & ¥
BEMIREA—L, THERMSHMBTZNERES A3, EFZ, F4
HAF N EABA THEMEN BN F IR A& AT, KLEFEEFE 2.

L https://www.rijkswaterstaat.nl/en.

2 Rijkswaterstaat s J& T-fiif 22 Ffill 5t A 7K B #E30 (Dutch Ministry of Infrastructure and
Water Management), 4 5fnf ~2 F ZEREAH I (1) & v i . EELAIZE.

3 https://smashnederland.nl/en/.
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BREABETCENTREE, REFHTUMLRER, mEEANTH. ZLER
BX R E 5 5 o SMASHUK 2 3] | B An BB AILAG R £ — 42,2021 £ 11 A 3 H,
T Z R FATENON S 0 W S % 4 (Europort) |, SMASH!UEH T % #8
BT A, MR R Ak RAUR (wE 37 FiR) BA T EER T EE 2030

WA AT B R

| SMASH! | g&@ﬁ =

g
‘____.'_X
Areas

(a) Jz %1

| SMASH! l f&’ =
P
= -
,é, Liability & s =T s
Insurance e A Communication
e _ = = Pl & Security 2
-

7

Waterways, Locks - 7
u\ & Bridges — M —

[N M Skills & Industry >
‘;,__E Acceptance =
. 1

il & .y
o - 3 = —
D Navigatiun
Guidance
Remote & >
Ship Internal s Shaore Contral

Systems

(b) % &4,
Kl 3-7 SMASH! % &k #1124 &

L %R 2R AT hitps://ww.smashroadmap.com/ 93k BA% 75 AL
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1. Shipping Technology /A&

Shipping Technology 7& % & £ fitiz #n iz Fl 12 7, FI A (FA) Al &R &4
EHEAELTNER, IHETATIERIE M. BLAELEEETE, A
| RB|V FZEF KRB E/41E, STBrain 25 ix & i FAZF e Ea > &, wE 3-
8, HEFMNMZLRARL T IHE, BE T Xal, BMKTHMAMAE, HFET
B B AR H AR A AR

] 3-8 % T ST Brain # % fEAF A 2 441
lll. Captain Al 5]

- # A1 E] Captain Al 2 & A2 T BRI 5 A . & & T #9 3 0 ——Rotterdam 7%,
EEERAEREEN, AATRBMREHANREFIRAT AL, T2 HEW
T35 ff 77 %22, Captain Al B £ & 7= % &4 Autopilot, Atlantis. Route Planner API
Fleet Viewer. Deep Learning Radar Detection API. Ship Detector API. AIS Prediction
API %, Captain Al {# f] & B Vstep 8= &k ZE L2 Nautis, & 1R A0 50 1E 2204
R, R BEAEIEE T FHATIR, KEFHREEREATRE, FETET HR.
AR Ak A A E Al K R . Captain Al R 3T #9 Al 434 P A AT iRl
G kM plod, UaZemNASH_Rm, BEHE A28 REREMIFT

1 ST Brain-ZE A= i,  WEEFTE MM % 1EWE, IR 2 G MESAEET; App
Market- \ T8 e N A2 7 A BRICAR O 8ds , $e etk BRAREROAS, SEmTRELRHh T4F, J@id
P ERE AL AR, AP Connectors- K R PA SR S5 8L 1 P 8BS 3 FE R LE R
GIERIH A, DMRTHERE: Carbon Footprint-EREEFTA HEAL, JFi@id ST AUEME R CO, Al
NOx HEi

2 https://www.captainai.com/.
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A, BTHAMNATAEMEZHE T ENB. AT 2IA D=, LEM
RS HFEH TN, Captain Al 2 T 71 & = A AU M k77 5 ATLANTIS,
L= PAFEL TB (Terabytes) WIEKIE R A R EERHER, RAERERZS
e, TAMMZREEFZEREANELT, Te8%I B £, CaptainAl L5
Rotterdam # % & 3 /& & Rijkswaterstaat 7] 418, R E W LR L LRET R
T1E. HUHbF A, Captain Al £ &FiA, BBk, 23K <L K5 (Global Positioning
System, GPS) . F4An AIS FEREEMH, WEERBEBEFEEES A,
It 7 2 75 BN B % {09 Rotterdam 78 % Kotug International # “RT Borkum” =1
# . Watertaxi Rotterdam # “Watertaxi 14” 5 7 - &+ DL & Rotterdam # % & % /&
) “RPA3” 5% = fi§ i Al #EAT B AF A

IV. Kotug International 25]

2018 4 6 F 26 H, #= R % # £ % Kotug International B~ 7 % — & 53
AR B K B8 B At AT A8 & Rotortug 42 #t# RT Borkun 5 #2672 #7 = Rotterdam #7117,
7 £ 4% ) U & & 72 7% B Marseill # 1TS &4 CInternational Tug, Salvage & OSV
Convention and Exhibition) # 47 #7. Kotug B — % # K 7= Marseill i 31 7w 12 & B ¥
BEMBEINEGRE T HEMEERAN. RREZERTHWEES S50k 3-2 TR,
% 3-2RT Borkun S #i# &% &1 5 577

HA BR &k
KOTUG T E &

Alpatron =5 B BB E LT R G & R
KPN A A& E H) AG B HR W i B3R AR sim

M2M Blue | i# 3 VPN f%# L3 A% € i 4038 5 (4G f LAN #8484 6

OnBoard B fn X L T 5 BB W 8 5

Rotortug RT Borkum #y FT & #
Veth B R S HLIE B R G AR A ) 5 AR 4 A 4

L https://iwww.kotug.com/news/kotug-demonstrates-remote-controlled-tugboat-sailing-over-a-long-
distance-2/.
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2020 49 A 21 H, Kotug International. Rotortug 77 Captain Al 7£#7 = £ &6 it
i # % (Netherlands Forum for Smart Shipping) #4F &6#niz &30 £, A “RT
Borkum”#: £ F b8 — R BN T EH AN T B E R T AT Tab &, &
AAEE e O EMTHFEMEESE P —AEZEEA, 4T RTRABEX
X 4 A% 4, Captain Al #7 Route Planner #1 Autopilot 7 ## 5 Kotug Optiport
EARIRARE, 84 ET AIS 203 fn A T4 g8 LB (R (LB X ALK

3.4 REH

TR Z H B A Tk fn 5 % #5 (Ministry of Industry and Trade of the Russian
Federation) 3 # DL & BX #8532 % #F (Ministry of Transport of the Russian Federation) .
% #r %4t (Russian Maritime Register of Shipping, RS) 55T, @& ZHE=
Tk 2 (MARINET) T LR B A MALE A B E 2019 F 530 T B EfEE
# AT BT E (Autonomous and Remote Navigation Trial Project, ARNTP) 2, 14 2021
F 1 A A AR Z H Av 8 E R Z AT B S I AR N Bl 3R AT B AUAT AR AR SR AR
BEBHER, SEHFRAWEEMATRALRXT AR 3 A LH#ATT K
B B IEARIEAT, W 3-9 Fron; FlAEY, @R E (KB HBRABAE) £ X
E—REBRAEEAIINE TR ATEXER, BET 15 IMO I AT X 4489
5 B9 B AR 3 v A AR

(a) SCF /A & Mikhail Ulyanov

1 https://www.kotug.com/news/kotug-rotortug-captain-ai-take-important-step-towards-fully-
autonomous-sailing-2/.
2 https://marinet.org/category/projects/.
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(¢) Rosmorport /2 & Rabochaya
Kl 3-9 %5 ARNTP T H #9 3 ¢ A fit
A7 EHX—HAF, ARNTP FF 4 T %5 H 0 44
> B EERAGHTHFRAANA—ERERARS, ZHE XM, &
THEAAAHF LA,
> B REATEAEA L2 ER, FIRATNTEFET XA M0
BN 3L V%
£ ARNTP 9, 37 R G078 7 B 0 XA &0 T 9 JLAY A B AR R B30 4T SEPR Tk 32
ENR. TEHATSF UM EZE, 0422 HE R RAT—T 2 £ 4]
WHYEEFEHmE M. BETENAET %, BRTEHNRARNYCHE:
> BEHM A% (Autonomous Navigation System, ANS), &4 :
-ATRMEEERAEREREGER (SFM) ;
- ¥ J& ECDIS 7t (R-ECDIS) ;
- Bl R (ACAM) ;

1 https://marinet.org/autonomous-and-remote-navigation-trial-project-arntp/#more-983.
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<>

>
<>
<
<>

WiEE sh 124 & % (Coordinated Motion Control System, CMCS);

FFE MM A G (ESS), £ E zhtF oAk Al
JRIATNAMBEEARERS (RSUTS), aif:

-l CCTV F £ 4t

LAZ 4| % (Remote Control Centre, RCC), #1%5 ANS. CMCS (# #
YA R4, ESS. R-SUTS. W CCTV. ML LEAEE R URA
HBE DS A% (DLS) B8 0, LR 54 EAF R 8904« W (& 1L Bridge
Advisor);

B E-ERANAE, XMUT RCC 5 ANS. ESS. R-SUTS. W #
CCTV #2 RCC #9431 & WL #9 5 T 5

BTk, dfF LHEREFHNME ZFHMEXZ AT,

#E A% (A THE#H BTP 2448 RCC Z I8l 8K 48 20 #2);

FT BTP 2AAME. Wi, 43 foik FH R # Configuration Manager;
S LAAEAR G ED .

ARNTP T E T 89 3L % 2 2 ARV AR & B AN L3, FHARYE 24 7l 89 [E BT
EA B RA B £ R A

<>

& (AR %) (Merchant Shipping Code) Fu /™ B BX 5 ik 42 B T 8 B K 7 %
FHINMAME K ——EIRAERELME R T (R HBRA R A E L)
MER R HBEAXTERE AN EELTHR R LT L

18 2025 F Z FIEy “ILECHE, AP AT T B9 MASS Rk #EAT i
EoARTEEEESNTHRAM A FEVER—md “XTRERS
FE T ¥ b B EKE AR B AT 20 BURF i 4 5L 0 s

> EkFIEEAFRIZH A (Federal Agency for Maritime and River Transport,

FAMRT) #2 RS EWHE EMATEF AT AN AR EN —m “HE

1 On introduction of changes to the Merchant Shipping Code of the Russian Federation and certain
legislative acts of the Russian Federation concerning legal arrangements which arise of the use of

autonomous ships.
2 On provision of trial operation of maritime autonomous surface ships under the flag of the Russian

Federation.
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MASS /1 # ¥ COLREG -72 ZER#y# N E"fr “RS X T L B EKE
fERE (MASS) 42K B35 925 i o
2020 4 2-3 A, #ZHm IMO #2 T AH AT AR, 2020 48 A 1 H, RS
(i tg EMmEHEAKTMAE (MASS) ANZAND) EXAEM. X T 2022 F£9 A
27 BHRA T EH A RARS,

3.5 ®HE

HE-AMS—HDIR (FARELD) . ZE2ET, #HEEG¥ (FAFHE
A8 K 2010 SFATFF 461X L B EMATRARFF LER, £ “ 8 EMATHR T Z7F “ff
MBS AT AT T L T RE 2022 £, = A AHEBHBTHAR L
BT B EMATHER T, FHAEEIRAT P 34T T ZER, TG T RN E R
EM R B, = AR E 2023 F itk A R A R REENNK, E| 2024 £ 7
BT A B AT AMAT R RATERARB T X RAGIE, £RA M R ER
T IAR AR B EAAT, FAEETE E RN E R B E A AACT . R,
E = AT R e T 2024 £ EH B R T A E EMATHAE, X
B E BT 2021 FR 1R “2030 FZ EEAE EMATHMELEEMAT ERED
A6 4. EMEBEVHENE RN, 4 RELK “TAM” HiEHY, HE
R EEFLE—F

|. KASS InH

2019 4F 11 A, & [E{ XM B #H (Ministry of Strategy and Finance) i# it 7 2
B £ KE AR Z T E (Korea Autonomous Surface Ship Project, KASS) #1474 #[ 4T
WA, XK 1603 8T (414 1333 12% 70, AEAEHMITHRE) , I
REEMBOBEATR, HoWBETEANET L HE LR, TEEAHY 2020-

1 Recommendations of FAMRT for the applying COLREG-72 requirements for the trial operation of
MASS under the flag of Russian Federation.

2 Guidelines of RS on the classification of maritime autonomous surface ships (MASS).

% Russian Maritime Register of Shipping(RS). Regulations for Classification of Maritime
Autonomous and Remotely Controlled Surface Ships (MASS). https://IK.rs-
class.org/regbook/getDocument2?type=rules3&d=4CC632B3-2754-4685-A7BB-
F1784810ECD9&f=.
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2025 4 (2020-2023 4 # G I X 5 % pk; 2024-2025 9 R flRdE) t, WEH S 58
L4 3B o i AR T AT LB B+ R A2

KASS Tt B 7 Z 4 5 4 T 3-10 B o i 36 (& 7= b AR 3 40 BF % e (KEIT)
Fowh [E W 2B B AR 2% 2 (Korea Institute of Marine Science & Technology
Promotion, KIMST) 3t [F li B & #, % ERHRF 5 RN CIRE R 2F & H 4
HATHMEAREEAMAEETE, AL H Z T A gEJRI (Ministry of Trade, Industry
and Energy, MTIE) X #riEff 77 @A A AR, Hir i3 (Ministry of Ocean
and Fisheries, MOF) X #rAtiz 7 EAH AR AH K, MEEME. EEHFIR, UEZIM
B T fEehdst,

Management

(KEIT, KIMST)

Civilian commission
Decision making and advice

General-Secretariat Project head
General operation
Research management team

Budget management team
Project vice-head
Support the head

Ministry of Trade, Ministry of Oceans
Industry and Energy and Fisheries

. e Cooperation Cooperation . .
Shipbuilding > A - - Shipping

+ Autonomous and intelligent - Ship to port connection

ioati Ship to port connection . P
navigation systems plop - Harbor service and incident response

+ Advanced sensor and engineering tech Harbor service and incident response + Operation and standardization

« Test-bed and verification
Operation and standardization

Al 3-10 KASS T B 7/ = 4 4 Ay
KASS T B IR 0 B A AZ O A E 3-11 Fra, OB AW XEK X R
W E 3-12 Frow
S BRMATRZL (& 3ATIHH: BEBEMXI RN E /AT AR K,

! https://kassproject.org/.
2 https://kassproject.org/en/info/group.php.
% https://kassproject.org/en/info/organization.php.
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TG A E A E RS H R RS R B EMAT SIMRER KT &
F AR KOs

S MMEURG (&2 ATIHE: BEMANRAZER RN, FEHN
5v W A &, BIALIE 4 5 <Condition Based Maintenance, CBM>; £ ik
&R R A R

$ MAERFOHREREA (E5AFHE: BEHMERRERIES A
BATE:; BEEHAEHARRIESHARATRT,; H—RE-H-FHF
1 E FAH I ;s MASS 18 Z 2 AR5 ; MASS 2 2 A2 15 | R G5t £0);

> BERAMTEMNCE3ATIE: B ZAARE SRR R G0 5 I
HEMTRARLBEEMZ2BEEARR; B AT ELBE AT,

Development of Autonomous ship technology
(Core technology : ™ ~ @)

1. Intelligent Navigation 2.Engine 3. Performance Demonstration Center and 4. Operational Technology
System Automation System Demonstration technology and Standardization

Autono- gy jationall . Enel perfor- | commu- Remote Incident -
Mous | pwareness| D|:g|ta| Sav:.r?; Testbed L nication Cybe_r Control Response Ol 5‘_5'“?5 a
Navigation System Bridge System Demonst- system Security system System echnology dization
System ration
P D p Incident  Development  Development
of ofa of of Performance. of of Verification of of the next of Cyber of Shore Response of Remote of
Autonomous | Situational | Integrated Monitoring, | Integrated and Validation|Validationand  Digital Security Remote Systemand | Management International
Navigation =~ Awareness Platform & Failure Management Testbedfor | Verification = Communi- = Technology Control Reliability and Safe Standar-
Systemwith ~ Systemfor | Digjtal Bridge Predictionand  and Control Autonomous | Techniquefor  cation for MASS System of Assessment | Operating dization
Intelligent Preventing for Diagnosis System for ships Intelligent | Technologies MASS for Technologyof ~ Technology
Route Collisions and Autonomous Technology for Energy Saving System of for Autonomous  AUtoNGMOUs for
Planning Accidents Navigation, Engine System Autonomous  Ship2Ship2- ships Navigation | Autonomous
Function Control of of Autonomous ships Shore System Ships.
Engine Room Ships
KRISO KRISO KR KRISO KRISO Sync Penta KMOU Scanjet KR KMI
Techno  SECURITY Macron )
SNU, KAIST, Lab021, KR, STR, KRISO, Busan univ, KOMSA,
UANGEL, STR, KL-NET, ETRI, XINNOS, KR, KR, GMT, KRISO, GCSC, KR,
KAIST, Sea Dronix KIMM, XINNOS Lloyd's COMESTA, KMI, SEANET, KR, KNDE, KIMFT,
Changwon KRISO, Register, I-Storms, TLIT KIE, LEEYOUNG  Sea-Dronix, KRISO,
Univ, Inha Univ, Mokpo ACE-TECH, NSONESOFT SND, KL-NET, KOMERI
Pukyong Univ, Mokpo Maritime KMOU Marine KOM Univ,
Inha Univ, maritime Univ, Univ, TechIN,  Marineworks,
KSOE, Innosimu- KSOE, KSOE, RIMS,
Samsung lation, Samsung Busan Univ, ADIA Lab
Heavy XR Solution, heavy Mokpo
Industries DSME, Industries Maritime
HMM, Univ,
POSSM USN

Al 3-11 KASS T H L = 8 1y B E AR AR O AR

1 https://kassproject.org/en/info/projectdetail.php.

2 MTIE SCREMIE MR 7 THAH S AR AL (SR EJRED Bk EAIN S5 T2 &0 7T
(KRISO) %=, MOF SCRFHINUIS T AR R BB T CEERED HwhE T4t (Korean
Register, KR) 73k,
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Vision

Leading the future ship market and international standards through the development of MASS technology

Goal
Development of Intelligent World-class Verification of Securing 50 percent of market
navigation system for MASS Reliability and Standardization share of MASS market
(IMO Level 3.0)
+ Securing 99.9% reliability + Ranked as largest market share in High

« Autonomous navigation > . Classification, Cybersecurity CS2 or > value-added MASS market

(Ocean 1->3, Coast 1->2) higher .
+ Machinery Automation (IMO Level 1--3) = 36 cases or more of Standardization
« Autonomous operational technology (6 adoptions, 30 submissions)

(IMO Level 1--2)

Intelligent Navigation System Machinery Automation System Operation and Standardization
Linked to

aother

techy
Integrated Platform and Digital Bridge Machinery Failure Prediction/Diagnosis
s ¢ ) System ¢ ) Technology for evaluation of Reliability
Situational Awareness System y
Integrated Energy Control System and IncidentResponse
Autonomous Navigation System € & ¥
Association Technology for remote control and
safety operation
Technology for international
. . Standardization
estbed - Demonstration of Intelligent :
Core3 1 and Perfor_ & .-+ Establishment of Test-bed
mance Demonstration system and Performance test

Al 3-12 #Z/ QB R B K BE X AL

KASS T B # S e B b AL B AT &« oF % R BT AEBY MASS JF & Bl IR At AT (i
PEATATLE] IMO DoA3; L iEATAT£ 2] IMO DoA 2) . H B &£ 1T % MASS
BAGI TR KSR A EITATE, ZAREEZET UL N =AFE: —& MASS
BERMTAGZHL, AEEEHMT. MREAUE EEZREER, —RERETE
MEARENRIE, #RAGETRELE. FELLAEREXA,; ZRAZGEARN
B R, RAFHRETGHE MASS 73 &8 & AT 50 #.

BEACTFENEZIZAEMERLE SRR BER G EERAREER,
Wl 3-13 frr. MBEREERABERCEEAEMRERELE (FHALTL
HEGAL. MEEASRER. BERAZK. ENHN. FREJES | KFH
MEERFEURBERERGEESRELLZFTERAT K. EFHFHEREE
B G ARARIREER . B 5% BRMTASHREEXEEHXTELN

! https://kassproject.org/en/info/association.php.
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XNERT; EHERGEEREZNEIRANNEARERGRIFARBEZLT
¥ RERGHERGCIRZCHERAEEEFT CHNETFEAMARAVMALKETE
BF ISR R G LU S B F B B A AT R G AR AR S L R

B ABRBEFENATAFHNEMERREEL, FRELKELZEE 24T, THH
GRS e P

Shipboard Equipment & Systems Shore Systems

ﬁ

Shipboard Data

= - Digital Twin Bridge Big Data Platform
LU P

- Navigation & Radio-commu-
nication Systems

- Vessel Info. & Traffic Ships

+ Operational Systems

« Main Engine & Aux. Machinery
« Sensors, CCTV, Radar, Lidar
- DTB/E Monitoring

- VTS, Radar, AIS, VHF

« Other Equipment

- Shore Remote Control

: Intelligence Situational . :
Damage Control Navigation Hvareness Simulation Based Test
-s\ T el ( : | 14.- s i;‘,_
e = ‘

Autonomous Shipboard Systems

K313 HEEETF AT
ll. HD B, ( HD Hyundai )

2017 %, HD A& (HD Hyundai) — R# EH K E L&A (Hyundai Heavy
Industries, HHI) , F/A & Hyundai Global Service 77 % 7 % & & gE AL fHfR o 77 2
(Integrated Smartship Solution, 1SS), X & — F# | T A #if 89 47 Bk 9 CInternet of Things,
l0T)F &, o DL 6 & 2 o s VR & B AR R 77 HEHF K B s AT AT % 4. 2021 7 6 A,
HHI i 1¢ £ 2020 4F 12 A #7 & L H B E AUAT A& 77 £ 4760 7/ 3 Avikus?, *F—#2
A E EH 12 iR AT T RI24T, 12 F 3 10km K EYE TR A, ] 3-14
From, BoRT ME A, MATRI R EAE A N B 2 2 B AT, R %
7 Avikus £ T 1SS R4 A KXW I R E & AT H B £ 4 (Hyundai Intelligent

‘
e

L https://kassproject.org/en/info/communication.php.
2 Avikus was launched in December 2020 as the first in-house venture of Hyundai Heavy Industries.
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Navigation Assistant System, HINAS) , i #if 7 &E 4% £ T £ 7 21 52 C(Augmented Reality,

AR) Fu 47 gk %2 B VA % B % 48 (Hyundai Intelligent Berthing Assistant System, HiBAS)

B R A B A, UEERENR, i, BLEEERAHBEEL (Light
Detection and Ranging, LIDAR) Fu4F 2k AH AL, 1Z AR 6845 4R Fo 2 AL f2 a5 4 X o &
SMETL . 1Z IR E T 5G W& N E A 0Bk, BT HENRER, REEH
FOOERIE R AL WS AR BB KRB HE, JHIR1F 360° HLAMER

iR

] 3-14 HINAS 1] 3t

2022 £ 1 A, Avikus 5% E#H 4 (ABS) £Z T — M &%k, Uk
S B E AR AR R E %L F (Approval in Principle, AiP)

2022 5 A 1 HZ 6 A 2 H, %%F Avikus 8§ HINAS 2.0 248 18 /7 3L /7
KA AR LNG Z% At “Prism Courage” %, M\ B W F B EH %, 2B 2 51z
KAWL HERFEHEN Boryeong MK AR TR, AR 33 K, 28BH
20,000km, H 4 — PR EA B EMATEA, TATHR LB —KEA B AT
BOA B IS FEAAT o R AAT R AE ABS R0 [E fiF 4t (Korean Register, KR) #y 52 Bt
W= T ¥ ATH, Avikus X7 % 5 ABS BIAIE/E, 74 W HINAS 2.0 @k b,

2022 4= 8 F 26 H, HHI. Avikus. KR #af|t B T A4 (Liberian Registry,
LISCR) & &7 & 53, B EAEH HINAS 2.0 Bk, Avikus B9 HINAS 2.0
A& Level2 g £/KF, #4 g TGk, B R &M, FLXE 23/
BURAR M EXEMLE, RS EMELE
Merchant Marine i€, 2023 4 1 A, Avikus ¥ B £ #7117 £ 4t “HiNas Control 2.0”

1 https://www.offshore-energy.biz/hhi-and-partners-ink-mou-to-bring-autonomous-ship-navigation-
to-market/.

65



Wi 7 KR Auf| b B g F (LIMA) ByEEM LT (AIP) , F7& 2023 46 A
HET KRALZHFHABETFN (NTQ) iLH.
2023 4 10 A 12 H,KR %7, PAN Ocean # T 32.5 7 ", #8 kA & 5 8 4 (VLOC)
“Sea Shanghai” 5 £, 3 7 Avikus JF X #9 B /11T 2 4t “HiNas Control”, £ 7%
BT EEMTERBHRAAKARENENREFEFHEZE . AT, KR, Avikus,
PAN Ocean # 7 # % i A “HiNas Control”, #[FE#4T 7 REAT, HFET £ M
Ho BEZEEEMTRAANXEIGE, wMAAX]. BERE. HEEN, B4
DLB = 8 4 T BE AR I, “SeaShanghai”%i@ﬁziﬁ%@ﬁ.Tﬁﬁ?ﬁ‘i)ﬂ'ﬁﬁ

. =28T ( Samsung Heavy Industries, SHI )

= £ # T (Samsung Heavy Industries, SHI) B £#t % 7 L& @ £ AT &%
(Samsung Autonomous Ship, SAS) , SAS ‘& # ECDIS, Conning, Radar, Vision #1
Video Call 3 5 45 £ 4t', [ 3-15 fiom. SAS o LISE M AT 2R E AR AE L o0 &
., AREMRG (GPS) | MAEZRARAS (AIS) FREEIFMEEHNET,
FEIR A B B AR A0 R E RS 4 SAS BT AR AE AR AR ATAT 4 2, XA AR AL 4 /@[ Z (Collision
Risk Index, CRID #t 4T ¥, 3% i sk 8 AL B8 4%, P W 4 ot B Ak R B B sh 4],
AR U B R AT EEH R . tosh, B 22k R E A T 52 A e AR A
360° A& A iz # & A% (Around View) #1 LTE/SG H o # 5 H A%, o LLERT
Aouy REER T CEBEREAREZER, B ETREESR,

(a) Conning (b) Radar with Furuno’s SDK

! http://www.samsungshi.com/Eng/Product/solution_prd02.aspx.
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(c) ECDIS with Collision Avoidance (d) Around View
& 3-15 Samsung SAS B * #i4T & 4t

2020 4 10 A, SHI Z£—##K 38 ki 300 vE & “SAMSUNG T-87%: #4 #
7 SAS 24, W 3-16, HEHEFEM WILEE RN HT T TR 8 E AT
R, XEHEEM VT G RHTEREE EAATEAE AR, SHI 4 b koA 7
FERFARARBMTRE E EMATR AN E S L

“SAMSUNG T-87#i 0 /L I IZATH LR &, R AM AN ABNEILT, MATE
27 10km Sheh B B9 G Z 2B AL, FETLRR T EMATF BATIHRE 1km FE K H
I HMSE R R B A, £ 2 EMTHER, CTAENZEET
FERE AR RO R AR RS, B AN PR RN E SRR G LS GE
B AFR, RAHRIE (AR) BAZKEZN HIZEAETRE, dEE A
W HINE BB R AT T #ik,

2021 £ 2 A, SHI 5 AREEERFLITT E 6 8 EMATRREH L K LA E L
MR A ERI, BRI T AR R8T A B EMATEIE, 5AHEFKXF M
REBAMAFRIENRAELE 6, ERRE-FMNELIME LHHSXE,
AHBHERYF 9200 B AR LM “WRE S H EMATRARYHATT LHE
EIRIAE. 2021 £ 9 A, ZEEIREAFEBEARY, EATHE T EHOH
ZE JE Mg, WA Akt BB AR TR T SAS At
EATEE Y “H RS F “SAMSUNG T-87%, &3 #4T 7 #af sZ i .

67



Shipboard Equipment & Systems Shore Systems

Shipboard Data

- Nawigation & Radio-commu.
AICALION Syshems

Vessel info. & Trafic Ships
Operational Systems
Main Engine & A Machineny

Sensors, CCTY, Radar, Lidar

+ DTEE Monitoring
VTS, Radar, AIS, VHF

Other Equipment

« Shore Remote Control

Autenomous Shipboard Sy-slems T

] 3-16 “SAMSUNG T-8"# & = fit 47 il i

2022 4 11 A, #3# SAS #y “H R %5 (Segye-ro) L3 fF 5wk T % EH T
BT ARG IR R ATE EEER, X RHE TR EE LR
RIE T B EMATAEMZEM R, “YRBE T NP B AR EIEZRAM,
Tt E E R R B AN B LR E RV MR E, 27950 A B HYTE
BINH#ATT B EMAT LMK, EEHEHRATIEF, “HRB” T 29 K k@It
TERAMAEMERENRERR, RET ZeMT. FAZELTE LEVERNE
AR, AR HRBSEMAAE R TR RN S B R AR AR

EARWELT, SAS B EMATRAGALE R A EIEE T I\ it & A0 a5,

ESVRRT—KEH, ZoWE#BERE, IERT AMENTE.

2023 4 6 F 8 H, SAS % %y Autonomous Navigation System F2 SVESSEL
Communications System # JU4k ¢ o 86 3k 15 7 577 KAk %+t (Lloyd’s Register, LR) 7l
K EEMEINT (AIP) 2, SAS Autonomous Navigation System i Integrated Bridge

1

http://www.samsungshi.com/Eng/Pr/news_view.aspx?Page=1&Seq=1212&mac=028f104bf4818458
1098ch853130b577.
2 https://www.Ir.org/en/about-us/press-room/press-release/Ir-aip-for-shi-sas-and-svessel/.
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System, Situational Awareness Tools # SHI’s Anti-Collision Decision-Making System
Bk, WEERINAMATRE, FHBTHD ANKIR. 2023 46 A 26 H, SHI
— M EWERE SAS A4y 15000TEU &£ E 4 NS EEREM) (Geoje
Shipyard) HAF AT, ZXHFMEGT7TH L1 HRETFEGETES, ELK
271500 2, E#IRA T AEARATAT 42 50 - B LA RIAE AR . W % 9000 A
DL IEss Y, EZM 90 K5 EMMAEENELTZAMTI T T BA KL, &
HRRT BEEMATEANSKME LN R, XELKERY FEREABER
AR b BEAT Y B EAUAT BOR & 2R & 2K .

F& SAS 41, SHI JF & B #5 5 1 i & 77 5 12 L5 SVISION ## SVESSEL . SVISION
A #E A 360°M T b 12 R 46, wnlE 3-17 Fron, RE%% SE3 LA A8 e 5 AR AR B & &Y
BEENE, MAAWEERSZ (wFiEM AIS) TEZEHX — K, BRI L
(AR) RIAMNEGE 6 F & A FAE R, AR LENHRR &R I 3L BB

VIDEO LOGGING

» Daarocare fie at atie tanng al s videa
aptures and navigatioral éata

L ke rd ircependant from live viewi

P Rulc-£2300 mencgament of fozords

REMOTE MONITORING

USER CUMSTOMIZATION

» Lightiderk temz
P Enblu/cisase uf asgmentetiuns snd sve ey

& 3-17 SVISION #47 I 4% & 42

1

http://www.samsungshi.com/Eng/Pr/news_view.aspx?Page=1&Seq=1251&mac=27d1e824924c07cf
b767eb51ca5dc770.
2 http://www.samsungshi.com/Eng/Images/contents/SVISION _leaflet.pdf.
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SVISION #% 7t B & e oh 68 645 -

-
-
-
-
-

S B LT M

% YLD A A

1R AE B B B e R AR
R/ T4 4 e PB4
45 AIS £ B A,

SVESSEL 4 % b fE A B (R MRk 77 2, 5 X T AR AR RO L R AR 7 19 A B F AL,
LIS L AW AAT. SVESSEL REHKFHAWEAFHEA, FAEENE.
ER AR RS, KA E 2 h 37 2 41k, SVESSEL # %k w3t 7 (4 21 51 41
MRS EFE IRV EGHN T E,

SVESSEL 7 ft &35 :

<>

¢

5 I BE JE . MR ORH U FE Ru AR fE R A . FOC, Emission, Energy efficiency,
Machinery system, Cargo;

3T E R R 7 ZFERAEE K A Trim, Route & Speed optimization;

fm BE AT Ok % 4 % ¥ . Motion risk assessment, VISION, Collision risk
assessment;

R4 B A ERE AR £ . Daily report, EU-MRV & IMO-DCS report;
W 4 42 2% 3E 2. Class society approval for Smart ship cyber security;

S R E w25 19 Fleet management, Smart warranty service, FOC

comparison etc.

SVESSEL % % 4% Onboard. BIG (onBoard Intergrated Gateway) . Onshore

=4,

i 3-18 AT
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Hﬂunnnnm SVESSEL

Onshore

K 3-18 SVESSEL # £ &6 Al Al B AR AR vk 7 1
SVESSEL Onboard 4 fEAH{R L4 46, Z 0. ZAWMEFE, HEEaHE.
< #X|: Trim Optimization, Route Optimization;

< IE¥: Overview, Fuel / Emission, Route Monitoring, Real-Time Trend, SPA,
SPMS, Motion, HSMS, Vision, LNG Solution, Sloshing, CBM (Condition
Based Maintenance);
< #ft4: EUMRV/IMO DCS, IMO ClI, Daily Report, eLogbook
SVESSEL BIG 4 #f# & s W % (onBoard Intergrated Gateway) , # LA 548 b
WA NG &ED, fEXcEWEAGHIUKEMF# A KE, wE 3-19
o PR W% Z2E AW BIG XA ULm G L8P CREEMRBHKE, ©
AR E AR LR AT RRETAE Z A REEHEKE, Kk as.
> ERMEHETE: EXBEMGEMEE, BRMAEREN LA RENK
%;
> BETE: FRATENESMAMAER SR RATE NS
HERE: BABMLANIRGHECHNHTTE, Z2NEERE;
< #¥E L4 5 SVESSEL Onboard 4% £ 7 % #1454 , 1% % SVESSEL Onshore
A =77 B AR

<>

1 http://www.samsungshi.com/Eng/Images/contents/SVESSEL.pdf.
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BIG [ON-BOARD INTEGRATED GATEWAY]

Data Stream ‘ MOTT ‘ REST API
I[ECB11B2-1/2 MaTT Standardization Engine I[ECB1162-1/2
/450 sentence Web /450 sentence
MOOBUS e
N N N Socket
MODBUS E % . IE oot
15019848 ‘ Mot ‘ | uop ‘ 15019848
Format data REST API Oriqinal  Mapping 150 Format data
validation  Rule 19848 Aggregation ‘ bpC ‘ | wWEr ‘
UAJOA
File based on Fre File based on
S0 19848 Netetian On Shore IS0 19848
Communication
Web
Socket Send Send ‘ MODBLS
[Realtime] [Bateh]
MODBUS PETERIE
ope narads | | commend
UA/DA DPC UA/DA
E=) EEES Compression, Retry
OPC UA/DA gﬁ gg Encryption By
boe = — Q ] WCF
UET ata
ROB (meta) Tso8 ‘ SHF‘-/iJfB ‘ Request ‘

& 3-19 SVESSEL BIG # # & i ] %1
SVESSEL Onshore $& #t 2 A e #f ok 77 5%, AR 845
< AEPAE . KPIvisualization (Safety, Performance, etc.), Vessel & Fleet status
monitoing/tracking, Cyber secured cloud-based operation guide service,

Dashboard Intelligence;
< {#1% R % : Digitalized claim report generating, Claim management &Delivery

order tracking.

V. 854585F ( Hanwha Ocean)

2022 4 11 A 16-17 H, AF A& ¥ (Daewoo Shipbuilding & Marine
Engineering, DSME) 8t & & & #% B = fiAT i A “DAN-V” 5 72 19 4 & o 72 K T
B EAATE G LR, #k T EEF KAEZEAL (LR) MM B = MATH%E AL3 (&
RAAT A AW BB T #AT) AFRIB AR . 2023 F, #H4EEgEFEHTT LD
B EAATEORIE A B A E#ATIRE, FH1HXIAE 2024 SFH R T4 B TAMATHRAD

L http://www.samsungshi.com/Eng/Images/contents/SVESSEL .pdf.

2202345 H 23 H, KFiEMErE (Daewoo Shipbuilding&Marine Engineering, DSME) 2 ]
BRI IERAR YT (Hanwha Ocean), ARG i [ = Kz — B R I i 1E s H
PS8 e, JEAE s E % T RS E R B T i1 2wl s i T B bz .

% https://finance.sina.com.cn/money/forex/datafx/2022-11-23/doc-imggsmrp7261514.shtml.
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. BT HD AR E HINAS 24 fn = E & TH) SAS R %, S\ ENE it
TR T L Fom st BAE X # 5

3.6 HA&

. BZNHBRAE ( NYK)

2019 4 9 A 14-20 H, HA&HAE (Nippon Yusen Kabushiki Kaisha, NYK) DLt
15— 70,826 K i A Al PCTC—— “Iris Leader” # X% -F &, #R3E IMO
B aEAEMEM (MASS) REIEet 38 8 44T 7 7 £ H K MASS KR!,
3-20 AR, UEAEHAE EMMER, NTEZAELANBERBRIBRT
(3=

NYK WE R AAZREE /M, B3R ERRAfZENTRE LH—
—SSR (Sherpa System for Real ship, SSR) fitAT & 45, #wlE 3-21 Frox, R4 BhARAA
BIEFRERAM,

» Xinsha, China ~ Nagoya, Japan ~ Yokohama

Yokohama
Nagoya
@ The 2nd trial end

September 20, 2019

The 1 trial end Ashizuri 05:20 (JST)

September 16, 2019
24:00 {JST)

The 2nd trial start
September 17, 2019

23:30 (IST)
The 1* trial start
September 14, 2019
12:10 (IST)
Xinsha Yonagunijima
Island
@ After passing through Yonagunijima Island,
Trials were conducted under safe conditions near Japan

K 3-20 {578k MASS i At

L https:/iwww.nyk.com/english/news/2019/20190930_01.html.
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[ @E ...... /nr} Expectation Effect
Y7 :

Remotes support ¢ Workstyle reform
* reduction in crew workload

: Safet
e + 5 ) | D + 5 O | ) S

Technologies support navigation Efficiency
- optimal operation

Current
NYK's aim of manned
dulonomoussnips
Advanced technologies to support navigation
(cognition, prediction, judgement, and operation) :# Can be applied to future
remote controlled and
Technology Advanced technologies to predict engine/plant’s accident, unmanned autonomeus
- condition based maintenance) ships
Communication and cyber security
#Today's Announcement
. >
/] 3-21 SSR #1AT & %t
YA\
Il. DFFAS BXR& A

it B £ A3 B &k & (Designing the Future of Full Autonomous Ship, DFFAS) ,
E i HAREER KK 44 (Japan Marine Science Inc., IMS) #3L. 22 ¥ H A E
WaE RILERER, EAETAFTRELAE LB KERMATTFNE SRR
b, BE LB THWZREE. B5HE AL REIESA LA XA HAT X
HATERAE, UR MR IZATF O EXF e (B FEEERE R %) % DFAAS
WERERNJATERERLAE L EXKEHAETERR, UEHETAELE
F K AR B 2| 2025 4 H9 5L R AL Al . DFFAS B A&7 MEGURI 2040 T B T4 &5

VEEAR 1, RS Japan Marine Science Inc.; LA K. Bemac Corporation, Eizo Corporation,
Furuno Electric Co., Ltd., Honda Heavy Industries Co., Ltd., Ikous Corporation, Japan Hamworthy,
Co. Ltd., Japan Marine United Corporation, Japan Radio Co., Ltd., Kinkai Yusen Kaisha Ltd.,
Mitsubishi Research Institute, Inc., Mitsui Sumitomo Insurance Company, Ltd., Miura Co., Ltd.,
MTI Ltd., Nabtesco Corporation, Nihon Shipyard Co., Ltd., Nippon Yusen Kabushiki Kaisha, NTT
Communications Corporation, NTT Corporation, NTT Docomo, Inc., NX Shipping Co., Ltd.,
Pluszero Co., Ltd., Sanwa Dock Co., Ltd., Sky Perfect JSAT Corporation, Sunflame Corp., Suzuyo
Marine Co., Ltd., Tokio Marine & Nichido Fire Insurance Co., Ltd., Tokyo Keiki Inc., Weathernews
Inc., and YDK Technologies Co., Ltd.

2 https://www.nyk.com/english/news/2021/20210902_02.html.
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T A AR FEOR B BR A AT & i1 % (Joint Technological Development Programme for
the Demonstration of Unmanned Ships) 1%,

2023 4 7 AJT3sE MEGURI 2040 T H % — ¥ B, DFFAS Bx &y 24
DFFAS+ (Designing the Future of Fully Autonomous Ships Plus consortium) , & it
% 5| 51 K4,

Ill. MEGURI 2040 InnH

AAREZHTA B ZEH RN, AJFREHELSNTEFE LI, BEitiz
WABI S EHAT, HABE —F o9 MmmE R FRE50 %0 £, XIE/K
H—NEARFEA; Mo, HAHZ 400 MEABENTEELY, LFFL 558X
AREGRPWIEERE G, APILAEMEACERARLERIEEFTFH A%
G AL, Ak, 2020 4 2 A, EH AW H (The Nippon Foundation) % # 7 MEGURI
2040 %4 B £##8TH (The Nippon Foundation MEGURI2040 Fully Autonomous
Ship Program) ®, sk 7 5 MERAR, W 3-22 From. AN FE A& 2021 i 4 (2021
FA4AE202F3A) AZTEEHRT EH M ACHET (946 2248 LR ART)
W% 4. MEGURI 2040 B EVC & finiz , EAE, ARG RIER . BE. ARER.
MRS E 40 AR B RSV AERRER, EXHE, ZHFTEMAETEITEE

VTR, SRS E NG B B KM ST AR R R Ak, (Rt H A
Wi AUFAIAL SRR A AR 2, SR [ YA AR S L e N B R R O B
I, SCHPREEARL

2 https://www.nyk.com/english/news/2022/20220303_02.html.

% https://www.nippon-foundation.or.jp/en/news/articles/2022/20220602-74388.html.

4 25 DFFAS+ i H [ 54745 : Japan Marine Science Inc. (project leader); Akasaka Diesels
Limited; IKOUS Corporation; Imoto Lines,Ltd.; Weathernews Inc.; Uyeno Transtech Ltd; EIZO
Corporation; SK Winch Co., Ltd.; MTI Co., Ltd.; NX Shipping Co., Ltd.; NTT Communications
Corporation; Kawasaki Kisen Kaisha, Ltd.; Kawasaki Kinkai Kisen Kaisha, Ltd.; Kanda Dockyard
Co., Ltd.; Kyokuyo Shipyard Corporation; Kinkai Yusen Kaisha Ltd.; Kokusai Ryobi Ferry Co.,
Ltd.; Sunflame Co., Ltd.; Sanwa Dock Co., Ltd.; JRCS Co. Ltd.; Japan Hamworthy Co., Ltd.; Japan
Marine United Corporation; Mitsui O.S.K. Lines, Ltd.; SKY Perfect JSAT Corporation.; Suzuyo
Marine Co., Ltd.; Space Compass Corporation; Terasaki Electric Co., Ltd.; Tokio Marine & Nichido
Fire Insurance Co., Ltd.; Tokyo Keiki Inc.; TST Corporation.; Mirai R&D (Research &
Development); Nakashima Propeller Co., Ltd.; Nabtesco Corporation; Nihon Shipyard Co., Ltd.;
Japan Radio Co., Ltd.; NYK Line; The Hanshin Diesel Works, Ltd.; BEMAC Corporation; pluszero,
Inc.; Fujiwara Shipbuilding Co. Ltd.; Furuno Electric Co., Ltd.; Honda Motor Co., Ltd.; Honda
Heavy Industries Co., Ltd.; Marindows Inc.; Marubeni Corporation; Miura Co., Ltd.; Mitsui E&S
Shipbuilding Co., Ltd.; Mitsui Sumitomo Insurance Company, Limited; Mitsubishi Research
Institute, Inc.; Mitsubishi Shipbuilding Co., Ltd.; YDK Technologies Co.,Ltd.

® https://www.nippon-foundation.or.jp/en/what/projects/meguri2040.
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EMAEBAT R, EERTEEEMEFEAMAXE 2 E AN TRZ—. GHA
B, Uit &FA 70%-80%HViE L E SR M AN KRFHE, BEMEH KRS F
HHEEFEZL—

LAR R ERAE N AR R BRI TEABARIIIE S EERuENRk
Veriﬂgation testing of fglly autonomous technol_ogies Designing the Future of Full
using coastal container vessels and car ferries Autonomous Shipping:
.‘. Grand design drawn by diverse
ST specialists
(Smart ferry development)
2 KT NERATFR
Development of fully autonomous
Py 0. > amphibious driving technology:
= L4 Yanba Smart Mobility
o S ),
O AR ,
e BETQEIERIRS
Fully autonomous navigation at Sarushima,
Yokosuka

A 3-22 MEGURI 2040 7 E # 5 1N Er A&

MEGURI 2040 T E # E 47 2 5| 2025 17 52 £ i 7T 4 B £ /4T, % 2040 F14£
A B EMATE B HALEMIZHN 50%. Bt B e E RS BA LT EEE A7,
WA EYRAARE HAME L RAEXAT LW ESE S

> RAMAATEHE AN (BEBITHBARNS5);

> ERITAEEMATEGAETEREEFEA;

S NRTAEBEMACAEEANLARFLCEZE (BEILLEAREHE

\EATI TERERE,

2022 4 1 A% 3 A, “MEGURI 2040”5 H #y 5 NER AR T Ak T 230 6 B
AR 4t B SEARIAK, 9 B A 2025 F LI E £ MM L HEREHE T EE
_Aﬁo

30 A 1

2022 £ 1 A 11 H, %48 EHATHE BE RV 2 1| B AR U3 w7 I T = &
AR S Z 18 L.7km i £ (B4 10 24 Rl T — M %2 8 F/AMATH D

VBEAR 4, RS Marubeni Corporation (leader); =3 E&S &M (Mitsui E&S
Shipbuilding Co., Ltd.); Tryangle Inc.; %311 EfIRE20%7 17 (Yokosuka City, Kanagawa
Prefecture).
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AR AS “Sea Friend Zero”#, #wlE 3-23 Aior. XA R b ¥ ok ik o R/ ALk
BAEE T B E AN, XIEANWNAREE DB T X FLESLEERSY
B% £, &M E AL ZAAEZE B as,

BHRENRTE ST & HERE, AF =ZAMEHBEMTRN/NMIBEEL, —A4
2REMIERGA DB R RS A &R ELE RN K A R RERY
HMAZANEXBEL, AREREZLEZTLHENMATRAR, ZAG 2 EARHE
B HATIAT, L7 B R EE, S5 = a0 1T DB )3T 2 2 83g
¥,

(b) =] = + 8y AT
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(C) FIM =55 4y B9 FARAL
] 3-23 74 H AT @E K R

71 36 R 1

2022 £ 1 A 17 H, ZB&#ERLTEHR AR ENLAMNTAH T (Shinmoji,
Kitakyushuu City) %|{# ¥ (lyonadaSea) 240km %4 b, R 2k 7 # 7 L% —
iR RR EEH— “Soleil” % (FFK 222m) #%E 42 B F AT R A RENR,
REN T N, BRAGERIHTHEAFEEH LA T AEEIWNEEERENR, HF
THT HL 26 THEEMT. AN EZBERRRAT B ER L EGL
RMEFYNERE TRAHNEERGME RO E L2 RAFHEA, wE
3241, HEELZS., ERMWIEEMELHTEE—F,

B “Soleil” #F 2021 4 7 A 1 HIF 46 A M R ANFEH TALAT, A TTA R
A EH EWMBREAMAT R R ELIE., = FEMF R/ 8 (Mitsubishi Shipbuilding Co.,
Ltd) EF LB AN BN UM T EMATHNOMTXFRAG AL FENE
Yo, ARENRGNER; HHARIEA R E (Shin Nihonkai Ferry Co., Ltd.) £
TR AR AR BT R 58 E R OF AT IE R A

VSR 5, G =358 T (Mitsubishi Heavy Industries, MHI) £E [\ & T @ = 5 il
HIR/AH (Mitsubishi Shipbuilding Co., Ltd.); #7 H A AR A% (Shin Nihonkai Ferry Co.,
Ltd-)o
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(C) LL4NE B AL [ 55 4y Fn 2 A5 fE
B 3-24 “Soleil” % B 7~ 38 M 1K,

79



o S A

2022 4 1 Fl 24 HE 25 H, £ “Mikage” % (&ed 749) MAEH B
3% (Tsuruga, Fukui Prefecture) #T4T 7 270km 2|ik & B E #y3E# (Sakaiminato,
Tottori Prefecture) ', X Z2HKEENAREREHERER T2 E EMAT, ZN
RAFEELANERA T RBEEL, Y ZREF LU ELEEMTRR. TAAM
BN A EREURATRERNMERILE (AR MATR%, wHE 3-25 i, M
WHRHEHTREBELLHRIBRIEE,

VAR 2—— DAV R AR AR AR ZE PR N R T N BORIRAE, B A HE: Mitsui O.S.K.
Lines, Ltd. (leader); A.L.l. Technologies Inc.; Furuno Electric Co., Ltd.; Imoto Corporation;
Imoto Lines, Ltd.; Mitsui E&S Shipbuilding Co., Ltd.; MOL Ferry Co., Ltd.; MOL Marine &
Engineering Co., Ltd.
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() fEIEE by RE R THAR M Z4E
/1 3-25 “Mikage”$h 877 3 1 it

RPN IV

2022 42 A 6 HE 7 H, KAAAZFEH “Sunflower Shiretoko” # (A& 190m,
ool 11,410) 2 A 27 18 AN/NBF P ATAT T 750km, A AL ¥ 8 B /N4 (Tomakomai,
Hokkaido) % 3% H # A #E#] (Oarai, Ibaraki Prefecture) , XArEH#H A FEEH
foefla] ERKWT LB EMAFURGET . Y EZTETLAABEAGCE - EH
REFABEREUR—AMATRERNS AR AT A%, W 3-26 firx, KA
BTREZ2MHABIHERHTIEE.

(a) “Sunflower Shiretoko” #:

VBG R 2—— DAV R AR AR AV AR PR N AR TS N BORTRAE, B A HE: Mitsui O.S.K.
Lines, Ltd. (leader); A.L.I. Technologies Inc.; Furuno Electric Co., Ltd.; Imoto Corporation;
Imoto Lines, Ltd.; Mitsui E&S Shipbuilding Co., Ltd.; MOL Ferry Co., Ltd.; MOL Marine &
Engineering Co., Ltd.
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(b) Mm/ 7 EEERE LD TN AR AT R A
K 3-26 “Sunflower Shiretoko” % #4771 3% il 1,
I S A Ve
2022 42 A 26 HEZ3 A 1H, it B EMZA K%k (Designing the Future of
Full Autonomous Ship, DFFAS) Bx A1k, 1 Fl & R M4 “SUZAKU” % (JifK 95
K, Kol 749) fk 3hHfE R 75 (Tokyo Bay) fof7 #95 (Ise Bay) Z 8| #£ 47 T 790km
FEERENIR, wE 3-27 fion, BRBET T EFRFESMEVNEREHER 2E
R A EEMT RS, AFEAETE (Chiba) #ARBAIZE F.0 (Fleet Operation
Center, FOC) YL A2 = % fn 2 2 X .

(a) “SUZAKU” #:

VAR 1, A HS: Japan Marine Science Inc.; LA Bemac Corporation, Eizo Corporation,
Furuno Electric Co., Ltd., Honda Heavy Industries Co., Ltd., Ikous Corporation, Japan Hamworthy,
Co. Ltd., Japan Marine United Corporation, Japan Radio Co., Ltd., Kinkai Yusen Kaisha Ltd.,
Mitsubishi Research Institute, Inc., Mitsui Sumitomo Insurance Company, Ltd., Miura Co., Ltd.,
MTI Ltd., Nabtesco Corporation, Nihon Shipyard Co., Ltd., Nippon Yusen Kabushiki Kaisha, NTT
Communications Corporation, NTT Corporation, NTT Docomo, Inc., NX Shipping Co., Ltd.,
Pluszero Co., Ltd., Sanwa Dock Co., Ltd., Sky Perfect JSAT Corporation, Sunflame Corp., Suzuyo
Marine Co., Ltd., Tokio Marine & Nichido Fire Insurance Co., Ltd., Tokyo Keiki Inc., Weathernews
Inc., and YDK Technologies Co., Ltd.

2 R KL 500 ARSI AR 50
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(b) “SUZAKU” #2Z3 E—F i T I < B = H A4 # 5| FOC

(¢) FrtE FOC #yim A2 3= 4|
& 3-27 DFFAS 7= 3% 1,
DA4 T SZ A E 47, DFFAS Bx& T &7

—MEENTLEEMATRAR, W
&l 3-28 Frow, ARITIM Bt 1T T REW KR IFE . ZRART AL EHRI L
(1) = HARAR B £ 30 8 00 A8 3 A AT R 4t
() NEEENFXHFRHENERERSG, AFREALEN R,
(3) R ZIAM-FZAREEBRGEHELEE R L.
R4 FOC nirE# L7 A EMAT, FEAREREMNREEHATHI G,

AEBNRA, BR. XRAFALBLE. RAERT, £4%7 UM FOC #
BT REE, AEENRAZLPRE.

83



Onboard system
(autonomous functions)

Telecommunications system
(telecommunications lines, information

-~ I

MEGURI 2040 °°

]
Integrated display block
Land-based system (Gathers, monitors, analyzes ship information) Emligegn?or::g rﬁzfnoﬁ?:;o?: i
(land-based support functions) (Includes malfunction warning function) pef

K| 3-28 DFFAS % 4 B £ 1T 2 St %

78 36 P VI

2022 4 3 A 14 H, AMEFELABEEAT LK EH T E (Gunma
Prefecture )y Yanba & 2 #1775 EF — kK T4 B KM AEAGEK 11.83 X,
Bl 11) 89K, w B 3-29 Fion, ZAMAAT T A% 2km, 77 29 30min, %
TEETRB SR EMT, BEMATRRERERTIE M AT BN L
EREFRE, TW&T o W AEGH. #HAFL (Light Detection And Ranging,
LIDAR) LR BERAATE R FNELANMERE, AT RN EITTEEY. &
frfs Aok B X stk R & 115 A p i \ B Autoware R 4%, 1% R 4t B ££ [ B 45 A
Afu b S AR A R YAT, EAMARERREEZ RN FR. BT,

AR 3, A LHE: IThook Holdings Co., Ltd. (leader); ABIT Corporation; Japan Amphibious
Vehicle Association; Naganohara Town (Gunma Prefecture); Saitama Institute of Technology .
2 — P AN BB E R G, RN LR REAE SIS E NG SR AR .
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&l 3-29 7k I 7 4 2 A 1 o 8 IR

# 1k 2022 £, MEGURI 2040 T H % — M B E 4t xT B EMEARTT R T 6 R\ A
RANRE, WEEFEA, B/ EHHE. 8EFM. FEEH $.4 (Shore Control
Centre, SCO) L A MM 528 B EREFNE, TR T AHHEERE EMTELR,
WIETHEEHE. 8. EAATEGAES B AEKME P AT
T, XRAMHRREMARLSWE EMATHARLIE, CET ZTHEFZ &,

IV. MEGURI 2040 InBE"MER

DLE — W BB 15 9 3 B 5 # Ak, MEGURI2040 7 B £ 2023 4 7 A # N8 —
B, X 2025 Rl T A EAE AR RS A% S TES . EF M E, @51
K H A8 4 & # DFFAS+ (Designing the Future of Fully Autonomous Ships Plus)
BREBEDARMHYEETEFZRENIM, GFRTEMNA. OIF LKA AT E
fo. BACTE & A2 A% Aot 2 BT, fE A MEGURI2040 % — [ B T E 9 — #6
4, 2023 4 11 A, HA)I| A A (Kawasaki Kinkai Kisen, KLINE) &4, &3 %
BT REM B EMAT ARG HE LR K. RS SR BREEZ KLINE T2 5 )|
TR EE Y 11413 Bt K 2R 2 A “Hokuren MaruNo.2” 5. %% T H F/it
TR %, ZAEIAWE LEE BB E 2 1600 » ENERME EHATT #HA
ik (PoC) , 2023 410 A 1 HERZEK T =/ Mik. ZRIE, EEEAATF E
EMATRGHRA . MR KAPATREREH. EXRME L, BEMTEAR
EEFMEREEMATESFNER LT IN, EFEBRIULNEFERLT, BEMTRER

1 https://www.nyk.com/english/news/2023/20230721_1.html.
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d B SRR R, R At M R, ik VB 1E R4 (ODD) B
B, B EMAT AR TH ARIEATERIAE L 96%. K LINE £ MEGURI2040 7t
BE -—MBEFTHEEEMT RS CEAARN, AXFIR) K Ee9#E L 2IER
¥, 5FnE )| EiEAAE. AT 4 YDK Technologies 418 IF % B £ #14T %
. BTk, KLINEKFI F#E LBk R GNEE, 26HELATETEW
Tl siR, #H—FRHEEHMATR SR

3.7 ¥ H

|. EZREASRIL]

2017 £ 7 A8 H, PEHHFESFRAAT AT (FT—RAIERLEAL)
Wy s (EX (2017) 355) 1, #BETRIMATE X BNERRBEAE, HH
FPEATEELENEL TS, MRAERUHFAERAERAHAKERE,

2018 £ 12 A, Tk ffs B 8h, RBEfman. EF A TRE%F = HZHe %
T (EEAR R BATHITR] (2019-2021 4£) ) (T{z#Bk% (2018) 288 5) 2,
RMANK BB, RET “GR=ZF%7, PAREZEEMHLETEAK,
MFELEEMAAEATERR, REMATSB B, EAEBHEZ LK,
TREARELGRRERAAA, TATREE, B EMTEHBNARGRRA
N, TREBERAE C—ANTE+ N AMERERHREE, WP RE Rk
MREELE 6. RE—RNZANAERIER T, REREZFGHELMARSHER &
AR S WATHEAT, BT AAELES, wE 3-30 Fr.

! http://www.gov.cn/zhengce/content/2017-07/20/content_5211996.htm.

2
https://wap.miit.gov.cn/zwgk/zcwj/wjfb/zbgy/art/2020/art_acdal7196a0846539786203a6b448847.ht
ml.

https://wap.miit.gov.cn/zwgk/zcjd/art/2020/art_0971aa560a67445ebf138e077acf57e7.html.
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hKERMES

SEBHIIERT
SRR EERERA
AR IR SRR
RFtMEERZ 2P
BES
IR SAERE RIS
fENTEARERR
ENTRENAERATE
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A 3-33 FEFMEL RN T REAES
2019 £ 7 A, RBIZEGIAA T (B FRELK BAKNNE) (XAX K (2019)
89 )1, B “R*tAFHFABRAGRBEMAERE, U HEHE NEXK,
MEHF U REERR MEUNERERTERAHERAER, mhxEBLHE
B FA. WEN, BREALE, IXEBREEZRREIE”, firgTEE
AR EERMERRL .

. EREXIIHE

HEE (ERFRBEHFREALBRAKNE (2006—2020 F) ) . ( “+
ZEERBHANFAXD LR “FZ 2R BABA QT LT FR B
F%, BEHXBEIHHAF XS R RLAL. BE. R FEWAREELRE
AR, “TZH” BREAFRURT 2018 £ ZHT “GEX BTG
BB E B E 2, 2020 F, “TWEL BREAFR TR #E—F BALHET
RBBRZRESHERZARER” EAL T,

“GEXBEMEHET B ERALTRAGERE: BAREBSZ AR BLZH R
GHEENTITRERAE. 27X MASTRER. SHLLETHEEAZ. &
BRH T RERHEAM, EARBEER B EMMFREAE ALUEXER
A, FRAEBNFTRG. AKEHEEFERBZRIPFEZTHEREEERT, 2R
AHREGZEREBTME SN, FRAAFHRS &R, 2 2022 F, aH—NK

L https:/iwww.gov.cn/xinwen/2019-07/28/content_5415971.htm.
2 https://www.htrdc.com/gjszx/znjt/index.shtml.

89



GAXBEIMEERRABEARR, ATHEREALERSE, REFTR. THE
MEARRITMRAAXE. RETRHEE “EmmR, EAEEXBEA, HE A
NG AR A AR, — AR E R RN, R AR e, iz
TEERWE. RBETREENE. ARKBRABEZAT. £ TREGTH—
H. ez EeNRFiEs N AKES 6 MIFsE (KAFE) , £#HEF 15
MERRES . TIEE AR A5 4 (2018-2022 4 .

EEEMEAE, BEREAALMXNEMN O IAIHWE LA RTE €0

(1) £ET AR 8RS AT R X B E AR

2019 £ 3 A, BEHMETAT RELEMZTAHENERETE—EX
EAHAUR “BGARBERMEGERERE ERETHTNE “ETHEDRNALREE
REMAT SR X BEAFR” L, aXBERFAAERFARIEL, BbHALER
EA¥, RWEILAY, PEMSLAAE 20 KBt FEAE, 2019 4 12 A 12 H,
MEEERE (FE HEARAEASFHEM FRASATEESGR, TEH
Btk R B P R R AE——300 TEU R se R KA M “ 8 W FEERX B3, 2021
9A 14 H, “BYEEFHLLEXITFIEE LR, wE 3-34 fir.

NAVIGATION URILLIANCY

H334 ‘B E

1 https://fuwu.most.gov.cn/html/jgex/jhxmgs/20190318/3104.html.
2 http://www.brinav.com/pages/News/NewsDetails.aspx?ID=2024.
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A1 3-352022 £ 7 AE 2023 7 fl “H X SELZHT
“BREMEZERNA, FREKNE AR AEGEERE EMT RS
MER R EHZIRITEE B EMMERZ — R BIAAT . 188 ATAT
Y B EBEMEEEBEEAMEAT T A RN R, @3N
EHEERNEGBEAPRFERA LTS, “B FUANRERREE: £TH
BHf S REFERBENAMRATEA; ETAKE. s HARFREELEN
AT R FEEHA; RTHEBEN., 24T EHHE—KLEREEREHAR. &

ORI SRIE AR RNUTRE IR W A, B KA 110m, BYEE4 15m,
iﬁmm,uﬁﬁﬁﬁumoﬁﬁhﬁﬁﬁﬁﬁiﬁﬁmﬁ%m TR, BANTER, it
FEREIE BTN H EHUT =M B, B SeBIUT I B s il B EEL. At
S ES BN %%ﬁm\amﬁﬁmﬂmﬁkfmﬁ IR 5G 452 M 2 BUEME R4,

R LLSEEL . s, . IR EEA S RS RS RSN Rt SEI
NEE

2 https://mp.weixin.qg.com/s/alS62jRoLEL1150NNWUJGA.

91



AOBBERE. HE. MARL. HB. B RN AT P LIE S

SR e, BREEH LR ETHEDE AR ERITSERMABEARR

EALTTMERBNEERRCRE: ARG AT EE S f A A0 AT 545

R G AEIEE; IBEREE AT RBRALS A5, WS AT REER

2% BRMATIRREEIAL RG9; ML RAATE AN 590k R,
(2) K&EBERF “Faeotx 5= WAMAE"

201947 f, KEBEAY “BRAREXINFAB ZETEENARER
KRB ELZME, 2020 £ 6 A, ZMAETEH T THARRETF KL K EZH
£.2021 F 11 A, xBEWIAMERME T AEEGERFHFRAR G ZIIHAM”
RETEAFXIT. 2023 F5 A 18 H, B AEALEFRBZETHRAG BE
i, i TREMHA N 12743 77 703, 2023 4 12 A 25 H, ZAEEN T A, Tt 2024
F6ARMFEE

W 3-36 Frow, ZARKA Ritem Ak, RIHME A LRMK, %Kit
HKE 1420 78, &iT &K 69.83 K, AT 109 %k, &K 5.0 kK, "2k 3.5k, %t
ik 18.0 47, RAAiE 17.5 47, Sy 2500 2, EF AN 6 K. 4 &AM
WREELZVHER, FEXRTWEE. Bl RABEREFETENEE,
ZHEE T BT, ERHITE. SHERETE. FRENE. FEERET ML
BB RFRE, UREHNBEHERRAAFEEZIRL, HEEREMAR
E#FIFER, BEREEEEFALSHT LI E EMATHES, EREAATLE
5 7 e

K] 3-36 A& W\gEAFH A RS LI FAMERCRE

1 https://www.wti.ac.cn/wti/xwdt/5794.jhtml.
2 http://www.zgsyb.com/news.html?aid=621417.
% https://news.dImu.edu.cn/info/1021/42197.htm.
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(3) ETAUERNBAYE RA A LE ML TEEA

2019 47 12 A, AcH#E L T T B X E A x| P& e g gk T
T PERLTNE “ETABERNNAE AL ERAL LG RUELEERA,
B LEERES (R RBARAE (LEEH) X, B LEXEBAFE.
FAR¥F. BEA¥ MRREAF. LBEBEFAY. LBEEHWRIEARA .
FHEERROAERAS . FHBENEEXAELTRAELE . FRAE (L)
BT RHECR IR B % 9 R B K F AL,

ZHEHEERE AR E XA L EY AR EERRAR T EX —EEM”F
R, REFLHEZEEAK. ABRELITERAMRS . BREERREF_FTEX
BEA, KA “ERBEAUF - RBEARB-ERRIT LR G BB BA
Bk, TRV S AR E R LF ML FRREA, Z-me
HAEABERADLELABZERABA. £2TLEELREBEHFANEARER
FEABETFFERG., ETH - RERNKANTETAMEN ELELETERE.
ETeEmeRMANBEAN BN EXAELEREERARLTHRALE, AR
GRRZEVE. BB EAUE LR ERORALE.

() ZABREZREXBIALGKETT R

2020 4 10 A, HAZBEAFELAENERE LR LR “HoRx B
ERERRA ERLTNSAREERERBEAGRET R THENEELH T E
WAL & £ A 3 i F A F A E T2,

ZIE B SE A A N SR MEF SR R FIRE R
#HE RZHALAKRMK. 7 RAAEABYF L ABIZF w PR, AR R X —
RER, —MAREANEXTLHWE. FELE, Fretkizmn £ ABEAN., X
HERARVOATENRE A, TRIAFAXRBZRH 7L AWELEL, LIFLEH®
Fo NEKEAHAGATEZM RPN EARELTRZRETE A LA #
B RE, ARAEXRZARETHRTE, BERENSBS S RRZYFHA 6

/E‘u

! https://www.163.com/dy/article/FK TOTQ150519CUI1J.html.
2 https://www.most.gov.cn/dfkj/In/zxdt/202011/t20201127_169782.html.
% http://bdmt.cicts-dmu.com/?news/191.
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5) AAERFEIBHZERBRARBEAAR S TE

2021 £ 12 A, BEFHELRT “TZA"EBREAFA LUK “GoHxEE
MEZERRBEATRERTE “AAERFEILRZOLERLRBRAS

RETE” 2, wLEERES (BED ROARAE (LBERAD #£X, KEX
BEHIABHEFRRI. BEAFE. BFA¥. AXNEITAFE., LEEKA¥,
tEAEEARBAERAT (LRER . FEBSNEEEH LEFRAT. L&
BHMRIGEARAE . LBEEXBHFARAET I REMIRAHE,

ZHE e ELAAUEXFEORBAZLMBET R, 20, 28, 2%
BREeHEZE, FERAUHREIRBAGE REFAERNBAME, 7
BFMEMEAM, RERELEXBEER, AL —UBREETE, EEFGE
ERBHEAKR, ZABOEEH. e, BRET

(6) KEXBHRIZLKEFELRERFRRBIERA

2023 F 5 A, BEWMWHETLTT “+ WA ERE EH LI “RBHIZ RS
ERGERBRAEL LT EAETE “KEXBEZEEELGLRERARRRILE
A", BFEMBAEAFELEM, BAXBLIHBAZTHFRAR. AXNEL
A¥F. WRBLGHBELEARFTAELNEAS 8 REMERAE., £EHHMAH
BE. BE. RARBRIIEFXK, TRUEEHNEERAR, AnMEe LS
AARBRIEXEEA, RAREBUESGEZRERRRBRIERS, RS “RE
58 % B R ko

12020 4F 11 2 H, RBHEEKRA T EFE SRR “ LA )LLL_%J B Rl Bt
T 2020 4L H 6 T, AL AT X B R BE MRS LG, R RE TR IR R
| LR A R G BEBORIEFE . BR AR e Rl S 421 5 2 B IR ROR SN L
R RGARIEMBTTE . HE T30 E AT O TE B S A A GURBEHOR L B REIEV R 4817
AR E AR 53 % 7T (2020YFB1600100~2020YFB1600600), AEJE A 57 & BEAT
B UK T

http://www.360doc.com/content/20/1223/14/628497_953037442.shtml.
?ttp://zhongsuoip.cn/sce_ninfo.aspx?id=39838.

http://www.portcontainer.com/newsAction.do?command=viewData&categoryld=8a9287fa300b0b00
01300b59245f0013& datald=e563d28481c6a29f0181d1ff822f000f.
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T BRI/ NATE

(1) T ABedrizia fg T 2 Bk 8

2017 £ 6 A 28 H, BN EANTAMKE “TARIZMAET LEHE”
(Unmanned Cargo Ship Development Alliance) IF 5 & i, .45 ¥ A7 FH % & H (HNA
Technology & Logistics Group) . # E[#F &4 . FEMEHAL. + EAAT R EITF
A> (China Ship Development and Design Center) . 77 % & 43 i &£ H A R/ 5
(Hudong-Zhonghua Shipbuilding (Group) Co., Ltd.) . = [E A% #f & & 3 T2 % 1 x
(708 Ffr, 708 Research Institute of China State Shipbuilding Corporation (CSSC)) .
Z R Hr-Z R A RE (Rolls-Royce Marine) . &AL A S ALAF 5T B (711 Fr, 711
Research Institute of China Shipbuilding Industry Corporation (CSIC)) . RE=+
AR a (WatsilaChina) % 9 R @46 ik R £ A0, WEX#H—FHEMT 7 K Fx
B ABB (FE) FIRAE, ARFEBEEXNREZL AR, & X T H
GMNBTRAE ., LEMANEREHT., wREER (FE) ARAE. L
R I AR R &R PR B . 28 B IE K IE B A AR

() TABUMAGEREAXBEAREBERTIVEALRE

2007 7 A6 H, BFEMMIVER NG, AEBEAF, PEMBERAL,

M AKERFRRAREEN  TARBAGRERGER LR E" EXBEM

o 12 A14H, AXRENZAZEMWERM L, AEBFEAFHFFEEZ
FEZEAARAS. FEXREARGERFOLE LSS, KL “TABRBMREA
ERGWECFHA R, AL EEFRE TR, FAREMEAZORBEAD
Ry R, 2020 £ 2 A, REEZHINE (KT ATTAMMRGRLRERE
BAR BTV ERAEZRFNTERNER) (XHEEH (2020) 83 §) , &
AREBGERFELBReFPEMIM., REBZHFAERFHEIREARAEN “X
ANBRER AR R & A BEALBERTVLERALRE" (UTHEK “TABTLE
RERE”) K/, KATAMABTEE ML E ST &5

! https://www.sohu.com/a/153227962_693763.
2 https://www.sohu.com/a/205604902_775378.
% https://news.dImu.edu.cn/info/1021/4058.htm.
4 https://news.dImu.edu.cn/info/1002/5216.htm.
% https://news.dImu.edu.cn/info/1021/13335.htm.
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(3) TR 7 LT AAEE LR

2017 £ 12 A, BRETWBUR . FEMFAML. RXEB T AFMREZNE R K
ARNEEFXEAEE T &K, AHREL LITETHE DT AAME LR
It 2018 £ 12 A, FEMBEA AT LT AME LI G I A T WK R 555
FNFTAEH, S FZMAGERX B 7 Lig LR mE rigEfsE 5 TR
FREERE (R ZLER, AR FEER/KFET R BELF LR (F
FARAFL) £, TiHRLTAMERLT VAR, RSN ERFHEZRFRK.

iU A LR T LA, W 3-37 i, RedEA. I
WE AT AMEE LA, WA R G 21.6 F 70 B, & X 750 F 77
B, MR £ LEBERLT Fr B, & UL AMRMA L &g £
T, T EEELAMHE. BEZMHMH, RTUHLREIM. FFRE. WERESF
B RGF RGN BN AT E,

WEE AR
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BERRZEREE

ML E ANk
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m%ggﬁgn ’
e % : 4
s - T

-

&l 3-37 771 AR IR

A EMEFERERIET AMETAMER KL, TAB I EE Ik
ABRBE. KBEANTERAFRE. TAMRE#ANE R, = RMEHE— KL
MEREF, FIHE—RIEAMK R FRAK, 7 L& ENR7% R KR #*
TARMATIE R R, BATRAMES BRI F SN, B, CHFEA, L

1 http://aoc.ouc.edu.cn/81/75/c9828a229749/pagem.psp.
2 http://www.yunzhou-tech.com/info/13953.html.
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(4) AIRERBHETARGEMN “SREZ” &

2021447 A20H, XKETHABERFEIR A42RhE GRE) (K
“MHBEEIRE” ) WAREMERTARGHE G “SRE S THESE,
PR E T EAE R E E AT 701 BT R A, P EE R EE 704 FTiR B EMAT R4
BHAG, BEXEEE ZEAGE—RIEE, EHOPEEL, 2022 £5 A
18 H, “%k@= 58 MTA2 202341 H 12 H, “QRiE="5HEEKTRE
MEREAES G, A ESE—kEmEBE=—2T 2 4L, wH 3-38
R, sk “BRE"TEXRAHEA,

£ 3-38 “shig=” 5°
“IRIBR” TREMABELIRE “FaeERE LRI RS (1ISO0S)
AEXFFE, LERNFRTERHTERELARMNENT, . BLAR
k&, REENERBENAR, FRTERESNEERAN, LI E
PRSI EAN, e, “RET” SREEREARBEETNIET AT E
HATE, ARRAER, PATEFNS . FHERN . & 88 R M9 EHETESF
SomEREES,

1 http://www.cssc.net.cn/n5/n21/c20611/content.html.
2 http://www.zhuhai-hitech.gov.cn/gxxw/mtkt/content/post_3477758.html.
% https://www.sml-zhuhai.cn/info/161.html.
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“Trigr” 5 XK 885k, M 14.0 X, BE 6.1 %, Kitrzk 3.7 Kk, %Kit
H K& 29 2000 ", & A AR 18 7, £ uFfink 13 47, A% CCS, #F “i-Ship(No,
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B ARG, AEELIHRAGEY A FERE, BOHRAEETE,

“riERSERMG LA T F. BRI A% (& VHF B L. GPS
RANEGHEDTEREREEMESENEGERBER, A EAAL. ATE.
fiim . e, FEEREL) | MR RS SRR A& L R 0 ATAT B B 9 SRR
EHH L, “REZTETHERBL LRGN EETANF MM E R RA T,
HABARFETREEMA LS EEMEE RMAEATERS, RiTEE LA
& R E &

“TRiGT” TREEEE, MXBEE EBE. B EMATHGE, EEETL
Ee 8 AT RE T EATNENZ LA N AR, 25 FREME . I,
“RBAMEAMPTRELEER RS, TEHRRERENRA., FHT
B R GA M B ARG A AL R G K, wnE 3-39 BTN, YR T A F A LA IR
EREAE, REZEFORWRAME., ME. MELA%E, A “KREZRAAKHE
— 5 R A,

“BREEEFILANNAZAG T EHaE FEFrEhEMz g LRSS,
DMt EEAE Y84k, B35, . BLATENBERMEAN, LI E
R, B, TEWN, wH 3-40 Fror, 2—M2FaEEings, £
HEENAFE ) B AARE.
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L http://www.yunzhou-tech.com/info/13953.html.
2 http://www.xinhuanet.com/tech/20230703/95c38294b33346ff8d75e0bd99d258d9/c.html.
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Fih, 360 EAFLL/INR £ 4. 360 EEMELZTNAAX R L. &5 HEIR
AELEEERPRE, TE2EEER AR ARNAE AL 05 XH/NE AR, I
ERMBEEAFL. BRENFEFEBRIRS, TETHEMTISEERRBORA,
EHTMAEEE, A, B . B, BE. REE KL RANEENK
FRA ZMREKEEEE T AL F R, €8T £IRE LRA U EHN,
BHRMBAFEEN MEEEEAERFEEATEHENE —, TEIAALKRE.
AT ABAREMTHEN L ELELE, RIEZMBETA. X, BREA
M TAATHATEE TR E . AR

A 3-41 “igHK 175

UL EE T I RALNREE —EMMEa A EA (DP) £%, FLLILAR
EAS BB T XL R EREWNRAAET TERARELES TRET %
TRALNKEEG —EAXTRFRAR. ALIBASMAL. A THREEXEZLR S,
AKTRABBEEATRATEMEM. “EF "RTRBEEEY, XX
AEANBYHEEZMAT HEETRES —EMMERFTAERS, GRELT
Hyel HEARRHL, ELIHRE, EABLELE BEGAEEMETE
ERAKRR, BEARETEZNWARIESGBTREE T QT N LHTTRE
By, FEREEABMATN, BHRE. FMAREFL “BEHTEEKS
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o

1 https://mp.weixin.qq.com/s/Jp7mAKDJILZv8eyM93E95-A.
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3.8 AMERRMKX

. &

F+ % 5= & (Danish Maritime Authority, DMA) 7£ £ 2017 4£ 12 % %4 IMO &
KW EEBNSATME T, WA E EATX 27 MUR.RU #n A 3£ 4 N,
FHAERT ETEEEZAFTRBEERHAGAZL, K33, ZFEE—X
BELAET LR B KPR FE, HF, ARE AL ZHRARGEE AL
B s AT o o xd B AR AR AT Ay #AT TN B B 77, R R G AL E SR R
AATH, Wa#EERARSGRE,

& 3-3 DMA A8 B £ ACF X 247

HESR i
M EA i B F R R L F A TAUT
R AR AR A A I AR 5 ) AR A
RU TC A 5TE A R I AR 15 AR A
A T4 B E M
Il 35

2015 4F 6 F, % = [E K # A 4% B (Finnish Funding Agency for Technology and
Innovation, Tekes) # By 7 —/~ 660 77 BX THY B £ AETHE — & & B /K LA
FF % it X (Advanced Autonomous Waterborne Applications Initiative, AAWA) , =
BRI R RE R E EWEATTE 2 —. AAWA T E & Rolls-Royce /4 & 2 3k,
H A& 42 {7 4, 4 Tampere University of Technology.VTT Technical Research Centre
of Finland Ltd. Abo Akademi University. Aalto University. University of Turku % 7
2 E R TTR B F AN, BLE NAPA. Deltamarin, DNV GL (. DNV) . Inmarsat
FRETBALNATLER, ZRELET REBFRR. MRS, RE&H
TR BMHNERFE, G ERTZIE TR FRANESN. Lo, BE,
EEmBEAFEERL

L https://www.rolls-royce.com/media/press-releases/2015/pr-02-07-15-rolls-royce-to-lead-
autonomous-ship-research-project.aspx.
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7 2 B £ 5 154 £ A # 4 DIMECC (Digital, Internet, Materials & Engineering
Co-Creation Ltd., DIMECC) & LT 2008 5, & £ ik A 47 4% W % F 10 4% AP0 16 61 37
F&. DIMECC Z—FIF B A n s, & f s AU 45k o 8 LR A R ALY
Frat. DIMECC £ 7 £F aIEH L £ K% . i fo AP & EGIST. &
NE R, B P RIERTEN T A T AR R R AR 5, A X 4 AR 55k 5 An ]
o X E YR, £k f0iR A 1 8. DIMECC, & 76t B/ &) 35 4T Bk w5 #F 55 A I & 3
F A, B 2016 FULk, BHFMAE AR UL SR e ELET RBIER.
4n4-, DIMECC Z—MNTReythfEF&, FBTHRIHEHE L ALS R G LR
MBAFE L EHFfgK, LEGEAERNLTNER- £ MFHEHLEXT
HEARUFHERE, BRAFERE, 2HEMSHIANEE,

. Z5E

2014 £ 9 F, HEEBHHERRILTELEER G HE T(E4H (UK Maritime
Autonomous Systems Regulatory Working Group, MASRWG) , 1Z T1E4 i £ ZEEL 5
ETRAFHNIATIMO HER R T 5 L B RAEZATH XN EM, FREM
BB AR 77 3% . 2017 42 11 A, MASRWG Bk &4 (B £ AR FEAT AT Ay =7 U] Fm 52
B , EEN24m Lo E T 8 AR, BER TR ERET
Fagm, ARG ZEFHANE EMMEEERE. MG, 7 2018 4 11 A, 2019 4
11 A . 2020 4 12 A #7 2021 4 11 A, MASRWG #8 4k % #i T ¥ #9BA . 75 £ 2021
£ 5 T, MASRWG AR Ao A EHR 8 MBI E £ KF42 4 0~5 3£ 6
MER, Wik 34,

% 3-4 MASRWG #9#E fif B £ /K F X 4 A% 2

o] ) s
i R
T e W
0 it i MASS & A £ A 57 3% 4
Crewed MASS is controlled by operators aboard
# g o X ”
. " 1 AR A 030
Operated

1 https://www.rolls-royce.com/media/press-releases/2016/14-11-2016-rr-and-vtt-technical-research-
centre.aspx.

2 MARITIME UK. Maritime Autonomous Ship Systems (MASS) UK Industry Conduct Principles
and Code of Practice. A Voluntary Code Version 5, November 2021.
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Under Operated control all cognitive functionality is within the human
operator. The operator has direct contact with the MASS over e.g.,
continuous radio (R/C) and/or cable (e.g., tethered UUVs and ROVSs). The
operator makes all decisions, directs and controls all vehicle and mission
functions.

AGREATHEN, BEARREK
Under Directed control some degree of reasoning and ability to respond is
implemented into the MASS. It may sense the environment, report its state
2 Di%rieie d and suggest one or several actions. It may also suggest possible actions to
the operator, such as e.g. prompting the operator for information or
decisions. However, the authority to make decisions is with the operator.
The MASS will act only if commanded and/or permitted to do so.

R GHEARPAT E L 8
The MASS is now authorised to execute some functions. It may sense
‘ environment, report its state and define actions and report its intention.
3 Deﬁr;ite q The operator has the option to object to (veto) intentions declared by the
MASS during a certain time, after which the MASS will act. The initiative
emanates from the MASS and decision-making is shared between the
operator and the MASS.

ROk FEAATE), BEARNEHHATEE

4 Iy 3= The MASS will sense environment and report its state. The MASS defines
Monitored | actions, decides, acts and reports its action. The operator may monitor the
events.

ARG EEREATY, THFEHEEAR
The MASS will sense environment, define possible actions, decide and
. act. The Crewless Vessel is afforded a maximum degree of independence
5 Autoérij:nous and self-determination within the context of the system capabilities and
limitations. Autonomous functions are invoked by the on-board systems at
occasions decided by the same, without notifying any external units or
operators.

2021 % 6 A 15 H, 1% “Mayflower” & 400 B S L ABHHW—Ha, F&
F A28 ProMare F1 IBM /a5 % A 1E#F & B9 “Mayflower Autonomous Ship” &
(MAS400) 3 E Plymouth %, JFe 7 )7 £ iz AT EMAT, MEXE
Plymouth . 4 3-42 fior, Z%K 15m, 7% 6.2m, XA AFH&E LRh-BRER
FRMREH RS, BE 2 & 20kW 4t B A, JAAE 10 T, & A REMAE,
HET 64 AT (Artificial Intelligence, Al #& k. 50 £ M2 &2, # F IBM
wEBE A, Al Fit ERARIPELRS, FREMES, HREAEEFENT—
FATH. B =K 450 BEWHATE, aTReINEHRGHIAKE, £5F
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12, REEHMAESALHAL, 2022 F 4 A 27 H, MAS400 BRFF4T B ATFEZ
Mo 2022 £ 6 A 5 H, MAS400 #ikdts=, 4 40 RWMATFEELEMERT 4
3500 = By L Ao B AR,

&l 3-42 Mayflower Autonomous Ship

V. =E

2020 4 11 A, RFBALT = E AR AT S0 i 3 AL & A A 32 85 B Ocean Infinity,
5 E# AT B AFI R Fincantieri /v 5] #8 5% 7/~ 8] VARD %17 T 8 i 78 X KHY, T
BEE. YRt FemRitmEE SR, B aE FEEE. FRBRDILF R
REBAE LR R SRS ——% &A%, XA Ocean Infinity #7& FEH 2 A2
B Armada B T AAEARPA . X 2L oh ek F 6 oy AR Z 1 d M % Vard Vung Tau A5
A, EHPE—fET 2022 F 11 A 19 HAEME T4 i, T 2023 £ 1 A4
# A VARD Saviknes. 2022 4 2 A, Ocean Infinity X 7£ VARD 3 /17 6 % 85m %
e FeHEEARIRITRESR, XELLALREANTAMBBEI— B8
23 %2,

2022 4 8 fl, FOSS #i%:/» & —#% 90 " #y “Rachael Allen” # (4n 3-43)
BB EMAT AT HRE T ABS 8 AiP?, 2% 4 % & % E % - % Sea Machines

1 https://newsroom.ibm.com/Mayflower-Autonomous-Ship-Transatlantic-Mission-Overview-and-
Status-Update.

2 https://www.vard.com/articles/vard-secures-contract-for-a-series-of-six-multi-purpose-offshore-
vessels-for-ocean-infinity.

% https://gcaptain.com/foss-tug-fitted-with-autonomous-system-receives-abs-approval-in-
principle/?fbclid=IwAROvnLghizmSIW1NmjGaVJ6977NUmMBEY80UEfkR09Rz8 X7df6W6V2jdv
Tk.
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Robotics /A 5 SM300 H #1253 % 4t . Z 356 & S5 SM300 £ 4t 4847 & A1z
& FBE, RENEEER R OHRTTE LIRS, SM300 WA EHRER
1t 5 Kongsherg-MTU 3 5% R 40 22 i 8 0 LI

& 3-43 “Rachael Allen” %
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4 T BRI ERFEERQ
4.1 MR

. SEGREE (LR)

2016 4 2 A, % KAEH 4t (Lloyd’s Register, LR) % # T % —# = T & 8645 AH
WEF—— “EfzFHEFERESERBHA: LR BWRIL% % (Deploying
Information and Communications Technology in Shipping — Lloyd’s Register’s
Approach to Assurance) 7 . 1Z38 T #E T A E BEAE AR E &, LR FIR 4
AT 2 RZeNCMFETRNED, RO EGETLRET THRAFH
Ay L E B /5, LR & #9# iR (ShipRight 727468 ) (Lloyd’s Register
Cyber Enabled Ships — Draft ShipRight Procedure) = X7 A5 ff % i+ Fn g 1E 89 B £ K
F (Autonomy Levels, AL) , Z#® #1277 ALL-AL6 H1 B = KFFH, X ALK
AR & K AR AR B B £ AKCF 2T R X 4%, 2017 4 2 A, ShipRight Ff Ami% it
BF (EAMBMASZIME) (LR Code for Unmanned Marine Systems) i 7 £
B E EACFREXS, k41,

L https://www.Ir.org/en/about-us/press-room/press-release/early-adopters-and-innovators-in-
connected-assets-on-ships/.

2 https://www.Ir.org/en/about-us/press-room/press-release/Ir-defines-autonomy-levels-for-ship-
design-and-operation/.

% https://maritime.Ir.org/1/941163/2021-12-
08/2ppjj/941163/1643138830cVnG5jS9/LR_Code_for_Unmanned_Marine_Systems__February 20
17__ 2 .pdf?_gl=1*ge62wt* ga*MTQ3NTk3NzM3NC4xNjYAMDYONDg3*_ga BTRFH3E7GD*
MTY40DAWMDIONy4XLJEUMTY40DAWNDEWOS4wWLjAUMA..
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Kk 41LR A E EAKTEL

EEZISS 4 K R
THESE, AETHMARAIIAT GE: RAHFHRE AT, EARERER
ALO T _  BHEEAE
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.
BEANRRBF AT, 1Bk F 5 T AP DR $ha TUsk DL At 77 K2 v T 6 i AT
AL 1 A R R S o, HEEAM LR GG
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.
R S BE A FORBUFE 175, BR%H TR R (&K UL oy X om o & B AT
AL 2 On &Off-board Decision ), SHE P UL B AR AR AR SR
All actions taken by human Operator, but decision support tool can present options or
Support otherwise influence the actions chosen. Data may be provided by systems on or off-board.
B S I C RERAREANREE A, BETOLEARRFERR AR
AL 3 e ] Decisions and actions are performed with human supervision. Data may be provided by
Active’ Human in the loop systems on or off-board.
L I | REPTAEARLE T ERAT, BIFARAEARE LA T 000 R
Decisions and actions are performed autonomously with human supervision. High impact
AL 4 Human on the loop, L . . . . 4
. decisions are implemented in a way to give human Operators the opportunity to intercede
Operator/ Supervisory and over-ride.
ALS FEEE  ROBABERE, REELHREMETRA
Fully autonomous Rarely supervised operation where decisions are entirely made and actioned by the system.
YN T EABEERF, EARAMARELERARLP R |
AL 6 Unsupervised operation where decisions are entirely made and actioned by the system during

Fully autonomous

the mission.
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. ;EZEREHAL (BV)
2017 # 12 F, *:E#H4 (Bureau Veritas, BV) % 7 (EH /458 )
(Guidelines for Autonomous Shipping) , *t ¥ F T#& & & £ 448 (GT=500, &

FANEFEAE, TAKEME) THEFTRINRITIRARRERE THMAZN,
FHEHT 0~4 5 ME% kg £ AF (Level of Autonomy) X|4-4F7E., HE#, 0%
AEAMA, VEANERMM, 2~4 %K 8 M0

2019 4 10 A, BV A 7 E#7i (B £AtiE3E ™ ) (Guidelines for Autonomous
Shipping, Guidance Note NI 641 DTRO1E) 2, Kis& e FHwEY A2 T R4 85
RS R A R E R =4 0 (RCC) o &, ZREEEAARE “Bak
A2 & (Degree of Automation) ” # A M A B| R ey R K& %, MAEEFA L — RIS
HEIARE “ B F KT (Level of Autonomy) 7 & k3,

2019 IR (EEMIZHEH) BEANBENEXBRERARNE AT K,
ANHAERAGHAE., 2T AKREELEN “E 3K H (information acquisition)
— 15 & 447 (information analysis) — # % 5 47 7111 # (decision and action selection)
— {731 34T (actionimplementation) ” 4 [\ EXAE AL, A By 3 68 7 LLAE 3 0 & 1y &
G, XTAGRETUN B HRG T ULFARNES KRB RENL K 2
TEEBEIL, RAGa%rMPHEEETEN; MY THREANEE, AAERHD
e EFEW, 2019 £ (B EMERE) XE—NEAURENEANEENH
Rk 4-2 fim. Wi, REARSEREUREFRCEN TR, 4GB
WA G, 1Z3a8 ¥ yEF KF (Degrees of Control) 4% 4%k 4-3 FTowo

2022 £ 7 A, BV &xA 7 (L AKEM) (Unmanned Surface Vessels (USV),
NR681R00) TAiEA NZ A4, & T GT<500 94K . 4B A A MK /NE T A
ACHE AR AR -

VAT S, AN B S B AR AR AEPRA i F2.2022,45(09):1-10.

2 https://erules.veristar.com/dy/data/bv/pdf/641-N1_2019-10.pdf.

$ JEHE SAE J3016 SEP2016 - Surface Vehicle Recommended Practice - Taxonomy and Definitions

for Terms Related to Driving Automation Systems for On-Road Motor Vehicles 21, 2019 4Efi
(HEMEfMY RArgelaif “HAE” (autonomy) —IdRiiid REH HANMLFEE, “H

F 1”7 (autonomous) A T f =S5 K HAMEREFE (Ad).

4 G (Rules) FFTEUEM] (Rule Notes, NR) #5H T BV I FINERINZR I ER,; $5 75300
(Guidance Notes, NI &t [ f75cif F3E | B MR G B ARE B AHR L.
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%* 4-2 BV #f 1 B 51 1042 % % (Degree of automation)

Degree of N Information Information Authority to Action
. Manned Definition L . e —
automation Acquisition Analysis make decisions | initiated by
g - Automated or manual operations are
AT #1E P
under human control. System
A0 Human Yes . Human Human Human
- Human makes all decisions and Human
operated .
controls all functions.
ATLF 7 - Decision support: system suggests Svstem
Al Human Yes/No | actions. System y Human Human
. . . Human
directed - Human makes decisions and actions.
AT A - System invokes functions.
A2 | Human Yes/No | - Human must confirm decisions. System System Human System
delegated - Human can reject decisions.
- System invokes functions without
ALEE waiting for human reaction.
A3 | Human Yes/No | - System is not expecting confirmation. System System System System
supervised - Human is always informed of the
decisions and actions.
- System invokes functions without
T2 H informing the human, except in case of
k. mergency.
Ad f Yes/No eMerge c_y . . . System System System System
Full - System is not expecting confirmation.
automation - Human is informed only in case of
emergency.
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%k 4-3 BV #= % A-F %% (Degrees of control)

Degree of control

Human presence

Location of control

station
i No crew available to monitor and control the system, nor to take
DCO No direct control . . y (¢D)]
control in case of warning or alert.
. . . Crew available aboard, ready to take control in case of warning or
Direct DC1 | Available direct control y . g Aboard
control alert. But they may be not at the control station.
. . . Monitoring and control may be discontinuous during a short
(DC) Discontinuous direct . . .
DC2 control period. Crew always available at the control station, ready to take Aboard
control.
DC3 Full direct control System is actively monitored and controlled at any time. Aboard
No operator available to monitor and control remotely the system,
RCO No remote control P . . y y (1)
nor to take control in case of warning or alert.
. Operators available in the RCC, ready to take control in case of
Available remote .
Remote RC1 control warning or alert. But they may be not at the remote control RCC
control station.
(RC) . . Remote monitoring and control may be discontinuous during a
Discontinuous remote . :
RC2 control short period. Operators always available at the remote control RCC
station, ready to take control.
RC3 Full remote control System is actively monitored and controlled remotely at any time. RCC

(1)-there may not be any integrated control station; RCC-Remote Control Centre.

Source: Bureau Veritas (BV). Guidelines for Autonomous Shipping. Guidance Note NI 641 DT RO1 E, October 2019.
https://erules.veristar.com/dy/data/bv/pdf/641-N1_2019-10.pdf.
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1. WPRARZAL ( DNV )

DNV % #5455 7 A48 8 s fn B 4140800 £ A E, 4 ReVolt T E .
Rolls-Royce <7l 77 AAWA T E . #f & 4% A% (Norwegian University of Science
and Technology, NTNU) 47l % # Autosea T H % . £ # #9 ReVolt T B £ & DNV GL
T 2014 AR E EMATMAHATE . “ReVolt”F & 100TEU A #E 4 AE, A
3000kWh &y .3t 3l 77, AniE 4 6knots, £eft 242 % 100 ¥ £, “ReVolt” 5% £ f#
e HEMRERE, FEFPTHHEHERD,; FHREMR, THMBHE; #
ERFHER, BRAABRZSBNERLAR, HRARNE, R ZEREHRA
30 4F, U A 4 B HA P9 FT T 29 3400 77 % 7T kAR, NTNU B9 %5 A 76 F) DNV 89
1:20 Hpl ERAEA KA R A HNEF R RS MR AEHTAZRAR, W
41 R, EREZA. ZESMPBEHEWHE S EEMA LR T AMZHT
xR, BHEECHFN, MEXFEM AL,

""" P e

A 4-1 ReVolt 52 16 A

2018 £ 9 A, DNV GL (GGEDNV) 247 (B X HEZREMMAREH)
(DNVGL-CG-0264, Edition September 2018) , & £ 7 1£ B = f i Fn/ 2 32 4= # 16 AL
AR R FT ARG T, AMARLES LRI SEABEELRETH L 2K
F. 2021 £ 9 A, DNV x4 7 BiTh (B = 5EEEELAMALZIEH) (Class
Guideline: Autonomous and remotely operated ships, DNV-CG-0264, Edition September
2021) o M TAEARE ZAFESK, DNV 5HEAAZ AR5 RENTE, EZAEK
fiEF, DNV BB TR EERENAZAX LG TSN FE, ETHRAE

FIFRZH B, M\ 3 2 AR BBy B E A, Bl e, H AT 34 88 (navigation function)

L https://www.dnv.com/maritime/autonomous-remotely-operated-ships/research-activities.html.
2 http://www.ship.sh/news_detail.php?nid=13714.
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B8 £ AKF. TR A (vessel engineering function) B B 1L A& F X1 45 o 4 5 4o
& 4-4, K 4-5 FTow,

dn R E AR B PAT I E S BUH (BFS2 3 B 3D =% 81 A2 2 4] # 0 (RCC)
M ME RIAT, A2, N TRAAREMNTAEEF AR, LSARSZIEFHE
BKFWE R e, oh, EENMAMDREY N RESEE TR, UAME
BAAREMIATATA BN EESR, T H ERTREHAMH, BIRBNE
WHETRHAT, NWBMHIESRFE—SBENEt, LW B RCC FH#E
55 DNV E £ 5Z R EMMANLISE) KIE B FfE LA RRE®XFHAE
B, EXTAANEEMEAMEKA——EFZF (Automatic Support, AS) 1 E 3
#1E (Automatic Operation, AO) , Wk 45 Fir, EERAFEAREBRS EW
EH5Fem B ARG BAPATHE S

7 4-4 DNV XA AT 21 RERY B £ AKX 2

B £ KT

# 7
Autonomy o
Description
level
M FoEESE
Manually operated function.
DS RGRR L FE Bt
System decision supported function.
AHALAGRAPATRANRAZAR NG (ARER, REFTHFEA
DSE .

System decision supported function with conditional system execution capabilities
(human in the loop, required acknowledgement by human before execution).
BEDE (REPATEE, EARTUMRZEEE) , AHEHKRAY “AEFS”
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".
BEDhat (REPATHRE, BEESEETA RZFRAT THH T EHD
A Autonomous function (the system will execute the function, normally without the
possibility for a human to intervene on the functional level).

% 4-5 DNV Xt fff8 TA2 o 6689 B o4 A X1 2+

K N2
B sh AT 1ok
Level of .
. Description
automation
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4 A

MR ERNRED AN URAMAREE R L. BHURAT UKL
REHPTHERE, BEIRK., X BRXBRF A LMNE KRN
G, EF A HET T EA AR, BRRRK, HFEAT

Ae T
T2 B EIEH.

H 5 3 FF : : : .
Automatic Operation of the vessel function by automation systems and personnel in
Support (AS) combination. Automation system(s) may partly or fully perform data
iR 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.
AN REEREIURRAREZI, TFRARTH. MELERG B
REBTLEMESEHEIL GEHRERITTED , UHRAEERSF
e TR, ARWEERENFTRIT T
E o) % 1F . : : :
. Operation of the vessel function by automation system(s) without need for
Automatic

Operation (AO)

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.

MTMATHE, ETSeeT b E & TREENE AT, HbAELEXN B F XK
St — 25 4 o X T — T g Ry A 38w ] DA S AN BE &« o0k A5 R 48 (Detection)
— Wk A4 #r (Analysis) — 4Tz #.%] (Planning) —4T3#47 (Action) . ¥ gL 8y

~

X > SE AL S 2 NN B — s ey
BRI MANANEZ BT ERATEAEE, ELEER T wE 4-2 BT AT 2 8
4 - Y4 )
Condition detection Condition analysis \ Ladld e
planning control
| RADAR |—f N ( )
Sensor
fusion - R
and Object World Object Situation Co”'s'oh & Control
. il L ) | grounding |
cross detection Model || classification analysis R system
verifi- J
) - j K /
\ (. AN

&l 4-2 AT 3 RE R HE

W 43 Brom, WA EAEZATUEAR Chuman) . R4
(machine/system) s HH A K $AT. EEENENZ, 43— NERELGT A
N/ WA PG Gee H A B E4F, VIEREF SR EHFNLLAF.

1 Source: DNV. Autonomous and remotely operated ships. Class Guideline: DNV-CG-0264, Edition

September 2021.

113



Gmdition Detecticm Condition Analysis Action Planning Action Control

%ct detection data
Condition detection \

( \ [ A

RADAR

i

s Sensor

fusion
and |l Object
cross detection
verifi-
cation

CAMERA
LIDAR

Sensor 5

Kl 4-3 X e = FR Pl — R T R ek A R
IV. EEREHRAE (ABS)

2018 4 11 A, #EA %4 (American Bureau of Shipping, ABS) % # 7 (%
RETh B S e R UL ) T 2021 4 7 A, 2022 45 2 F 0 2022 4 8 A, ABS X AH4
KT (EEMEBEEFEEHEE)  (Guide for Autonomous and Remote Control
Functions) . (B EZAAE K ) 2 (B TR BEFHRERD) 3, HE AN
FET M ETEHRANRITAZEEER, UXHZL2EHME EMRAWAEA. £

(B EFfmEEFHEEKR) 7, ABS ETHELAE, AFFAPATLREFTHAMN
RAKFHE KT DA IANFEY, BEREEAFXL261KE, NEK4-6. %
47, F NN EEMMAREZ G, FEETHELHE,

-
-
-

1 American Bureau of Shipping(ABS). Guidance Notes on Smart Function Implementation.
https://wwz2.eagle.org/content/dam/eagle/rules-and-guides/current/other/304-gn-
smartfunctionimplementation-2018/smart-functions-gn-nov18.pdf.

2 American Bureau of Shipping(ABS). Whitepaper on Autonomous Vessels. February 2022.
https://wwz2.eagle.org/content/dam/eagle/publications/whitepapers/autonomous-vessels-whitepaper-
22031.pdf.

8 American Bureau of Shipping(ABS). Requirements for Autonomous and Remote Control
Functions. https://ww2.eagle.org/content/dam/eagle/rules-and-
guides/current/other/323_gn_autonomous_2022/323-autonomous-reqts-aug22.pdf.

4 The Smart-to-Autonomy levels are defined as
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£ H

<>

b-E =% 5 (Smart-to-Autonomy levels) = X % :

Fab (Smar): AR ARG R, ZAREER R F L, FlnLlE
R E RN S, B, RRATHER T EM/EENH K,
* B F M (Semi-Autonomy): ZRAMRENA REE, RASTETE A
BRER L, BRAMARNAK., THHEERETE,

T2 HE (Full Autonomy): ZAELFARSH. RAE TR KX
BATH. ARRIATHE 6, AN TIMRER G THMEE,

Z k% 5KF (Required Attention level) & X 4 :

¢
<>

FoEEE: AEANSRETERET, FERFERAATHS CHHEK) EF,
REEE: A ST ENIR Y, FERERER R EHATEE.
18] i B K B A R 4R M M E B 7 AR B AR AR R I R R, JFID R ERE
#E 4 U (Concept of Operations document, CONOPS)

REFE REAGBHREFEER): EHRNENBELIRY, F
EREREFTEHXRTRE. XTHERATRGEN, KENEFTEL
BEEX, 47 AR IE R E, 10K E CONOPS #,

AE B AT 5 B A An & BT R B T &E K ) (Function Category) & % 1B 1~ R T PA

TiR&.

<>

<>
<>
<>

ARG R

7 AT (Navigation, NAV);
Lz (Maneuvering, MNV);
/%8 (Mooring / Unmooring, MOR);
/435 (Docking/Undocking, DOC);

i) Smart: System augmentation of human functions. The system provides passive decision support,
such as in the form of health or performance anomaly detection, diagnostics, prognostics,
decision/action alternatives, and/or recommendations.

ii) Semi-Autonomy: Human augmentation of system functions. System operation builds upon a
smart foundation and is governed by a combination of system and human decisions and actions.
iii) Full Autonomy: No human involvement in system functions. The system makes decisions and
takes actions autonomously. Humans perform a supervisory function solely, and have capability to
intervene and override actions made by the system.
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R R R SR S

3 A4 (Propulsion, PRP);

HENHLAE (Auxiliary, AUX);

I E KA (Environmental Protection, ENV);
fe4 4L # (Cargo Handling, CGH);

JE£# (Ballast and Trim, BAL);

TJrif48 CIndustrial Processes, IND).
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% 4-6 ABS #f 5 8 £ A& -F (Autonomy Levels) X4~

Autonomy Levels

Integration and Application to Decision Loop

Typical available notations/

Monitoring | Analysis Decision Action Operations Supervision level
Smart System System Human Human SMART
AUTONOMOUS
Semi-Autonomous System System | System/Human | System/Human
(function category, OP2/0OP1/R0O2/R0O1)
AUTONOMOUS
Autonomous System System System System

(function category, OP3/R0O3)

% 4-7 ABS #% 1€ i B A F (Operations Supervision Levels) X 4-

Operator Location Required Attention Level Operations Supervision Level
Onboard vessel Continuous supervision OP1
Onboard vessel Periodic supervision OP2
Onboard vessel As needed basis (System notification or operational mode) OP3
Remote location Continuous supervision RO1
Remote location Periodic supervision RO2
Remote location As needed basis (System notification or operational mode) RO3
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V. ESHERAL (RS)

2020 4 6 F, R ZH#H %4 (Russian Maritime Register of Shipping, RS) % %
(g b =AEBEAKEMEAE (MASS) NEAN) 1, T 2022 1 A A9 A 4T
THBT. ZANAHT B THMRITZELRFHRARETEX, B, d8=
MEARHEAT T 2 R UR T AT B A B ZRE B (ZRAS., ZFERAEn) F#5
AR ARAREIRE T, FEINEZFRFT, Nk 48, EXEHEMMEAT KA,
6 P AN 5 2 AR 0R B A AR TT I K f 2 IR = (8 iy 2 % RE 71 . Bl 4, AC-
MC &R AR AR AETT JE K 7T B £ 34, EAEZRASfE o\ oA #B e & EF )
#=#; RCmc-MCos AR AR ZE IT 8 A B Pl AT AR 42 4] (B A F o6 B &
71, BAEZRABME DN DL HATFER (AFERIF)

& 4-8 RS Al B £ AT X A7

MASS categories Descriptions Remarks
MC Manual control person on board
MCps Manual control with decision support person on board
RCwmc Remote control with manual control override capability | person on board
RC Remote control no person on board
AC Autonomous control no person on board

VI. FHERRRAL (KR)

2018 4 12 A, #[E %4 (Korean Register, KR) %% (E MEAIEE) 2,
FT 2020 7 A#HATT BT, BEBL RN IFEHRE ZMANE ERETFN
Aot e . EiZEE T, KRREMBLERI. 2EAH
AT REXT AR AREY B EKFHATRI 2, 24 ALL~ALS 3£ 5 MER, Tk 4-9, 44

! Russian Maritime Register of Shipping(RS). Regulations for Classification of Maritime
Autonomous and Remotely Controlled Surface Ships (MASS). https://IK.rs-
class.org/regbook/getDocument2?type=rules3&d=4CC632B3-2754-4685-A7BB-
F1784810ECD9&f=.

2 Korean Register (KR). Guidance for Autonomous Ships.
https://www.krs.co.kr/eng/BBS/BF_View.aspx?MRID=535&AddPara=10749.
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T ALS B, BRFEHFEFKTULT. RK. THEANFTESGESIE REIAT, 24
U RERETE (RERES) #Hdmy, BEARERLSFRRHETEE.
* 4-9 KR B9 AL A8 B £ A-F (Level of autonomy) 48 2% XI| 447

Level of autonomy | Data acquisition/analysis | Decision-making Action
AL1 System / Operator Operator Operator
AL 2 System @) Operator (System) @ | Operator
AL 3 System System (Operator) @ | System
AL 4 System System ©) System ©
ALS5 System System System

Notes:

(1) The system supports decision-making.

(2) Operator confirmation of decision-making is required.

(3) Operators are constantly monitored for decision-making and action.

VII. BAREZAt ( ClassNK )

2020 4 1 A, HA#EZ# (Nippon Kaiji Kyokai, ClassNK) % i (At #8 & s 16

[8 ZH#ERED) L0 BAR, HIAKE EMAMNE RS MAZT 2 AR —Z LUK
DA R EE N BB, XA B AR AR A N A AR R AT IR AT R R A A AR
FESFHH 2 EANRT R RFHAT RN L EZET T, HREES AN
HEAFHTERR S, MRNRAWRITFR . RERBIENAEX B HEME
% 4 (Automated Operation Systems, AOS) Fr it 72 # 16 Z 4t (Remote Operation
Systems, ROS) #174%, RAE ¥ BsHEA X2 & 3 %K, Wk 4-10,

% 4-10 ClassNK I 4 i B 0 fL Y 42
Ll SR

0 NERIATF A THESH

|| BN R JIAT I R R T HE S5
I HENRZEFT2HTES
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VIII. RERERAE (CCS)

2015 4F 12 A, # E#E% 4 (China Classification Society, CCS) £ 4 3k 3t [F 4
HREAT (BREARAANTE 2015) 1, R T B MR R R B AT, B
MR, BRIE. BRERTE. SRR EENERERTENATEEK. &
REAZE b, 2R B AEEERE ., o0r. W5, LW, TN, ARXEF. BEH
BLSE S T E, AR B AR R T AR E K

2018 £ 10 A, CCS A7 (E XMz MmiEm) 2, EEN B ERYZ
AR AR Ry BT A S 4R R IE . 238 1 LAV T SOLAS. MARPOL., COLREGT72
F1 STCW % Bl Fr /A 4989 B R & A R SRR ACE 7 RN, UK AT 4 Eah, LUEE
IHABEXANTREEFH I ELEEZANEARERNEN, RABRFE A
(Goal-based Standards, GBS) 777, #&H B X THMAMAERAWE . ik
ERAMEZERURGRERRER, EZAE: HRERD . MATEH RNEE,
FmSHe. BREE. AEEETRE. MR SLA . M. KEEF. B
fafR% ., mEBEFFO, NEZ4%., EZEHE T, CCSEKAT IMO X & = M
Wy R R B E s AR, B “ AR E LW DUk T A BT BE AT AR
M7 . AR E, CCSHEEXRAT IMO X TAH A EATH 4 KX 4, H7EHE
BHREEERATREEENTHNE IERFE 4 FRAMBHEAER,

FERAAGAE/T &AL B, CCS X AB% LA (& EAR AR ALIE ) 2020 AR3.
2023 JR*Fm 2024 hi°. #E CCS &R AM (& REAFAALTE 2024) , H A Z 094 6
AR IEA R RE, df. WBFN. ERNERATR, BRBFRBRME
&, BERE. YR, BOF T ENERREE, FETHENEKR. gaEdlE
RfnABFEL BN BEA, ERERT. T2, £FPRA. RYzhErEEA
BRNBATHAR, UWEMRERZ S, Bk, EMEFRMERSR. &M
AR ek B BN AR B R R BB AR T HEW T ML R, HIhek

(AYay

gt

! https://www.ccs.org.cn/ccswz/articleDetail?id=201900001000006099.
2 https://www.ccs.org.cn/ccswz/articleDetail2id=201900001000008786.
% https://www.ccs.org.cn/ccswz/articleDetail?id=201900001000009739.
4 https://www.ccs.org.cn/ccswz/articleDetail?id=202303061016018608.
% https://www.ccs.org.cn/ccswz/articleDetail?id=202312061041161178.
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A

TH. BRRNEE. Btk

RFE. BEEF A FHE. CCSATHEMMH T EWE 4-4 7.
EE=Y;
iRt
LR LR
CEEEVT - RAEELNE - MENTEE - AIOAEIOE) - SNSRI - SAAMENIE)
- EIRERRA ETRSHlE %), LN HURESIS  WGAETIIE RS
- EEAD SEIRME, R ERME TR ERE, R ERME St
- EEEREENE AR IR, TR, TR,
- ERLEE RSN YERER  pEMTEE  YERER
- ERENTE  EnAiERe BIATTXIRAN  BUSAPINAGES  IESRITIALNR
RS ey s e e T PN
BROIEAE , 1R - ABHEET - BARALEN 6
IERIHIRER EMERE  SHRETE
BABEITIAES | FUBREIKESR bl
e e fE
BORGEFIIS
TR
&l 4-4 CCS & sEAR AR A =

42 B EESZSZEB S (One Sea)

B+ EAAZ5ILYE (One Sea: Autonomous maritime ecosystem) & 3L T
2016 4, E— - mEEHELZMASGHERH, FRFMEEHA KN ERRKE,
BT ME 2025 FENETE EASRAWET . EZRAR TN A
RAREETBWER, HRT —NELALHAR. WAFRAAWE & LK
%, One Sea H # Y & M @45 ABB (B A fr gz /= d) . Kongsberg (& &L R
Gk &R ER T REME) . Watsila(EiiE FESRERER) |
(A EHRTT R, %48 @ Kalmar, Hiab 2 MacGregor) .
(LALRB A T ERIFT £ 4 A %) . Finnpilot Pilotage (BTt %) .
Fintraffic Vessel Traffic Services Ltd (¥ k5@ R %) . Avikus ( B E£/ifT &
4i) . Groke Technologies (4 gE 5 Mk %) . Haltian (B M AR S .
Al (&g fT A, 77 %) . Sea Machines Robotics ( B = = % 0 & 86 f 1T 7
) . TietoEVRY (Htrffi %) .

BATFRFRED o

Cargotec

DIMECC

Orca

Monohakobi Technology Institute (NYK T /&

1 https://one-sea.org/.
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2021 446 F, OneSea £ 7 (EHEMMmE#HE L% 42) (Autonomous Ships
and Safety at Sea) & & #1,
2022 43 H, OneSea £/ T (& £AFAA: HLIUH = By BRAE B )

( Autonomous Ships: Terms of Reference for Rule Development) & % #2, &% 4
TFRFEmE AN ETEEERRE— S AR L, ZAKHSFRELE
Jfith 4 (Society of Automotive Engineers, SAE) * T A% B #1 AF (SAE
Levels of Automation) 7= X, HAEAR B A FX| 24 0~5 K 6 %%, wiH
4-5 froRd. FE, ZaEHRIE, BEEAUATFRXL TESARATAKLE
Ao AR FUKFRE, RREBARWKXEEMS LS ENE KK ZEL,

Levels of Automation in Shipping

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5
Basic Assisted Partial Conditional High
3 3 A Autonomous
Operation Operations Automation Automation Automation
Hands-on Hands-off (at times) Hands-off Hands-off Hands

Human controls Eyes-off

Vassal Eyes-on Eyes-on Eyes-off (at times) Eyes-off Mind-off

Mind-on Mind-on Mind-on Mind-off (at times)
Human-off

| LEVEL OF AUTOMATION INCREASES >

< LEVEL OF HUMAN ATTENTION NEEDED INCREASES I

ONESEA..

ystem

& 4-5 One Sea it fif B 31116 KT X 4% v

1 https://www.one-sea.org/documents/.
2 https://www.one-sea.org/documents/.

% https://one-sea.org/sdm_downloads/one-sea-white-paper-autonomous-ships-terms-of-reference-
for-rule-development/.
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4.3 Rolls-Royce /A g

2015 4 6 A % 2017 4 J&, Rolls-Royce /A & 2 k& $ 7 75 2 E X H A 457 &
% By AAWA T E  (Advanced Autonomous Waterborne Applications Initiative) 1,
ETZTE WO BERR, 2016 £ 6 A 21 H, £ = Amsterdam B R FATH
Autonomous Ship Technology Symposium _t, Rolls-Royce & 1 7 % A2 A & gE AL Af
WA E?, wE 4-6 Fiox, FRFAAT —HATEEME EMEREREEN
% ¥ —— (Remote and Autonomous Ship: The next steps) °.

of

(&) A REARF 2 EH| F 0 (F) ZrRMHFERLHRTTERS

L https://www.rolls-royce.com/media/press-releases/2015/pr-02-07-15-rolls-royce-to-lead-
autonomous-ship-research-project.aspx.

2 https://newatlas.com/rolls-royce-robotic-ship-decade/43976/.

% https://www.rolls-royce.com/media/press-releases/2016/21-06-2016-rr-publishes-vision-of-the-
future-of-remote-and-autonomous-shipping.aspx.
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() % g AR A B R 1F 20 B A S AL X (h) SCC 1k ;2 7042 15 | A A

| Iy

(i) SCC T A2 Vi A2 4L # £ A [A] 7R () REIDFAZRS

K] 4-6 Rolls-Royce % & fif fE it A 2k &1

/5, Rolls-Royce 5 Finferries. ESL Shipping Oy % /\ & & 1E7F & 7 X 3 ik
2, Finferries ¥ — A% 32 & T % 2 Korpo #7 Houtsk& 2 8] i F L # “Stella” 5 (&
K 64.4m, A5 12.7m) , W 47 . BT E K S MIEAT M AR A TR
RGBS HAT T — FFIIMK; ESL Shipping Oy 9 — & T8 & At th B iZ T B &
T AR Fu B E A A T e aE AT AL B R

& 4-7 Finferries £ % “Stella” 5

1 Source: Rolls-Royce.
2 https://www.rolls-royce.com/media/press-releases/2016/pr-12-04-2016-aawa-project-introduces-
projects-first-commercial-operators.aspx.
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AAWA # 2% TH % &5, AIRH#E & E % H, Rolls-Royce 5 Finferries B 4
A AT SVAN T H . SVAN T H 01t Je A & 1993 SF3X \ 358 B & ZJZ A “Falco”
£ (BK 538 X, RFEZA) . 2018 # )&, Rolls-Royce 5 Finferries 7 7+ = [ /K
ERUEHGRRT AR EMAAZRER: “Falco” FMEMRME EH R
B 5k T RABREMAT, FHEBERIETIRFAE M. Finferries £ FE#E#E PO
WA S L ERET F0 50 A BA, MKELEEMENTAZRAAT, FEL
e AT AT REBHH, “Falco” SRR AERERA AL A
KEN kot o, FIF B FMAGEZHA B EHHE. £FEXETH, Rolls-
Royce E.& % “Falco” 5 A PR AL ¥E AT 7 29 400 /BT e M5 45, T %E, £ B EAUTH
% #, Rolls-Royce Z %M, HHALMEREFH AL O EBME LS, HEALTN
ZNBFIGE)NEEER WAL, BLEEREFAE G EMATRAFHEE.

4.4 /NG

BT E EATHTT X AT E BB RERIZBHX 2,
TR BRI E R LT 208 A MEEXA: (D ETEEWHEME AT 7F
%, LLIMO. CCS. RS #y 4 % 8 £ AFXla#m AR (i) T e R IEWN
AEAE B E AT X474, DL LR, DNV, KR. NFAS £ HL## B X 2 A7 & R &5 i)
ETHGE B EMARE EATX 24, UL ABS XIaFRER R E; Gv) £
TEHNE B MR E EAFX 24, LBV, ClassNK, CCNR. One Sea %
MBI HATEH REKL. £F, IMOW 4 FHELEMATEE RV AL RES,;
AT et R ATAR B EACT R 278, LUK & B3 /8 SR 1F (2 348 3R BUR0 &
M. FEREK. RBATHENE AL, EENBRFAERTEAEEZERT AR
fIANRWES ST, URTEHZERE T ANKEWAEFB A, LM E
FE. LERMEER,

s, KEAUWEEROTENSR, AEER MR 2HRERAL L
MEELREHSE, EAANMB-E LS 5 UL BT 5 RS WRERT
ZHEE, THEATER. GRERG. EERTEXREBARERE, FAE

R T S A B A S B AR B AE TR 5 2. 2022,45(09):1-10.
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HAERAXRFLHESKRRNESEER, fFEX, BRREEARE S LERAM
X REERAR ZFRAEERE AN BAHAR.

XEFRANBLLEER (NHTSA) £ 2013 FR AR MY AREER 1o
AT BTN, HEGGEENN. Aotk asit. A5tz B tS5
MNER, BEBRAKERRA (BASO REMAR, $AEER N, HRER
R, HHER, A2 EHEY. GEEABR UL T2 EHERH LS5 ANFH; Ein
A% A2 )% 4 (SAE-International) % i #y SAE J3016 #7# H T 0-5 & 4K %,
BREEREAFUOANTER B (05 EEX2ER AL GH) £R
W6 MER; ERmEMES (ISO) 5 SAE AR E A e REH, #lE7
1SO 22736 (B .z F LB B ot R G A A A EH o F A= XN, FFT 2021 4
E A2 A EHEREREANELE (UNWP.29) F 2019 £+ st B % & 511t
S REEAS E RN R, #E T X Z R B 8 o5 56 E AR K B R
REMWITE., ¥, SAEI0L6 ZE T EFmEmA. MRS ZHLRATAE,

ERFRAT N EETT, KEAEFER BB ARL ERE, = L#EXE
TERSE R AW A R, AV ERESTRIATREEE, 2017 £, BT
W EAERY, AFREE#NRAESRZHRTLETEAEH T BXRF
BWHFHEIT(E, 2021 4 08 A 20 H, Ex#fcE (AFEZEREz0 2 %) (GBIT
40429-2021) B HEAREFMEERTHREEEL R, PEARLHEE R E
WERE R4 KA, 2022403 A 01 H, BXmECAEER BHLLE) (GBIT
40429-2021) i

WEZERATE, ARAEFHNEABEERETUT 6 MEFHATRI S

> BRAFURAZRCHEIATASEF TS5 W E A E4HEN 5485,

S ERHAFURAZREREIATASIER TS5 PR EHME B R mZ

il
S ERAGUAGRAGARMBFEPT AN ERESF PO ERE R FE
A 5

1 ISO/SAE PAS 22736:2021 Taxonomy and definitions for terms related to driving automation
systems for on-road motor vehicles.
2 https://www.iso.org/standard/73766.html.
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> ERENURARREHEIAT XA ERMESF;

> BRAHMARFES B HPAT RN K

< BRANUARETFERITETEERSE.

AETRE6NEF, BXMERERANCAZX 2N 0R (RRHE) | 1R
WAOBRHE) 2% (HeBRHEY 3% (AEFHExAEBY) (4% (&
EEHNEY) 5% (285 ER) L6 NFR. TRERNEANEF A%, &

RAFPACHERAGNUAZACIAATE, FEARAINERTER. B3I ER
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&l 4-8 AFEF AN K

SRREFAEAEE, NFRZ2Ext, £ -MER, wH 48 Fir.
54%
44% EEBER
3% SEEMER
24K BEEEmER
14 HEESUEED
0% BB B I aEED
st i)
- RECARERSEE - REEEHRT - ESEHEIRT - REEERT - EREHRT - RSEEaa
PIToIEER ETEETE  EBEEEETE EBrEUTE EBrEETE TREGTE
ESTOEW  SRSHUTS  SEHUTEIS SEVTEE SUBRTSE SiuTeE
HWEREMNEE  BWMIESTHN BEMESFN FEWMES *”“HEE% EIMES
oiEsl  BE FEEEEA  EEERFIL HEmhiTR HEITER
SEENTEY EiEEEE FELERmHES /NSRS /NI PEERRE
FEWMIEF BESSHE BESSHH
RSB BinD TREWRER TRIERIER
BEHRNSm  sEnEEiE fiEEEE
RIAYEES HHEIERAYEE  HHEERIAYER
SERIESE SBEISEG
FENS R Iﬁs.LJ*iﬂr]r“E'\j
Al BEH



5 FRMIBHE R BN

iz (Shipping) &3 E By 7 N —f, EARFEFFMAX —Hz T AR
HABEARRIN— I T ERER F— AT XHEFFRIAR.KE. RE.
HAEm, EE. RFEEXRRWE 51 FroR. H, AtizZ LA (Ship) A&,
FEILEGAR (WARIRMAEREAR—RE R . 4 (&FE) . B0, 37
RANEZWNLD, REMEZEE . MEREAREZMRSE, KESZHEERZ
REAMRERRRZRPAS, wH 52 .

Approvals, planning and instructions
Coastal authorities F
- Nautical
information
AtoN Msl Authorities Port Terminal and berth Cargo owner/ —
Police, customs... authority operator representatives Il
T T T
Charts,
Traffic services > MetOcean, etc.
VTS, MRS &
Ship owner
Nautical port services | = representatives
%, Co S oleo e
— @ @
€ > Vessel and captain Remote control <>
Pilot centre
A / T Ship agent
Tugs ﬂ
Escort/Manoeuvre
L Manager,
'-:E: charterer, owner
-
X e AQ S 4=\ = ——— Voice VHF
Mooring, linesmen, cold \ /( / L = e Digital VHF
ironing, charging - S w——— |SM/Control
Cargo Consumables SUrveys. repairand Bunkers, — SatCom/Mobile
handling maintenance services  freshwater | ____ Land internet
Cargo services Port services to ship

Bl 5-1 fiLiz A G2 i’

1 Advanced, Efficient and Green Intermodal Systems(AEGIS). Resilience in automated transport
systems. Deliverable D2.5-Version Final, 2022-11-30. http://aegis.autonomous-ship.org/.
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52 f4EARE T K B KB R
5.1 % &UA T H M
. ARAAsREY

=

EE

4

ABRRR T BB o R 77 i, EE R R 0 0 F R AR AR A RO AR AR . 5L IROR BT AR T
W Xt — SR AR
KA,

EAEAE. FIEAEAR. TREAE. TIEAR. R A AR
W 5-3 fim. MAEEREMAR, RRRTTTHMMERLTIAIE. A7

et py & B R, AR E IR TR E LR X AR E E B A 532 AR AR 2 AT AR

A, EETRARETRHE R

HMAnAT, PG NEMARERAES T, ERE LT A B ny 7 rElE
BURHNY, TP TEZRFURE WD EKRAMRES TEALE AT

129



Ro-Pax
i Hovercraft
Ferries: )
— Hydrofoil G | hi
f eneral cargo ships
Ships that carry _people Catamaran 9 p
(Passenger ships) Container ships

Fishing vessels Cruise ships — Break bulk shi Ro-Ro container ships

Mining vessels

Resource exploitation

Barge-carring ships(LASH)

Drilling vessels Reefer ships

Crude oil vLce
Civilian Ships H Ships that carry things ’» carriers uLcc

Product carriers

— Tugs
Yachts Liquid LNG
Recreational vessels — Heavy lift ships — Gas carriers
Small sailing craft _ " ) P bulk(Tankers) { LPG
(— Cable ships

. . . Chemical tankers
- - — Pipe-laying ships Wine
Service ships % - .
— Dredgers Specialist Fruit juice
etc.

— Survey ships — Bulk ships —— Combination carriers

— Research ships i
(— Dry bulk(Bulk carrier)
— lce breaker

— Offshore supply vessels — Neo-bulk carriers(e.g. dedicated car-carrying ships)
— Livestock carriers

— Big sailing vessels

& 5-3 AEfEA R
|l BERREA AR ER
e R — R TEAEY, Flt LA TR AE LS SEN £ 4 F 2
W £ : # & (Conceiving) . 1% 1t (Designing) . Z i& (Implementing) . 1% 47 (Operating)
44 (Recycling) , @& 5-4 Fiow,

K] 5-4 A AR A= 4 B HA I BL

. BEAEET T
Tk R AR R AR R . RIRA LRI A, BRHKEN. AT
& S A XM TWF R, B EHETEE XS NG LMAT. 238
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KER AFE(AHEERERR FAANTH; A TRAZSTME, X 2mE,
k. KR #A. EE. ARBEXFER, w55 HR,

fiiE |
8 AT
Wi |
el |
| ‘ KR |
SEENLR | J > WIBETITR <« ¢ 5
‘ Ay N 2NEST 137
pre IEBIE(T VRS ey
REm |
F 3=l
AREK |
K 5-5 AEAHIZAT

IV. 5 EFIT{RL
AAETE R RIMEAT TR T, # £ FIATH R (E A fEd TR (Wl 5-6 FTR)
A R A R AL R R T R
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| e —{ mmmsme | | —| sone | | ez |
| mBam —{ mecornne | [ mn=a | | ok |
| e S | mAsmE | | e | | ki |
| ssacomRE | | mbEE | | e | | mHam T
—| mRsmw | { memamn || wkeszamn | 4IPS B Deck |
@ | memm | o
e | (S {mrsEmengne |
- . o
| nzrkadeitamis ) )
T ) | REE(E |
(B |
=
| emmany
| ASHSEMIE |

| RSB Deck
IS
— | e |

[ eSS EE

| BRSO
T

S| mTRASERERE

&l 5-6 A AR FIAT 7F AL

1 Advanced, Efficient and Green Intermodal Systems(AEGIS). Resilience in automated transport
systems. Deliverable D2.5-Version Final, 2022-11-30. http://aegis.autonomous-ship.org/.
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V. fEASIRE

BHMEERRARN BN AEE P RENE AT E L, FHEBA
RERD REA BRI, REREW L. FFRANEELTEHRTRS, 244
REMERET MY ABREEEH. BRERE. FERARERE. AP
BARAE. FRILME, w57 FR.

R | sasps |
. HEIRE - IERAIRE
. RARE . BESHRE
. BREE . REAIRE
. R . - TSESIER
. RAEEE 2 2= : . ERESRE
o REET
MipiRE SRS T ks
L Rl O BEKRS -
\ s o EHKRG BeiE
O MBIRG . RREE O SEBR S - EHEE
O MR BEEE O BREHARG . KSR
O RAR%, CEMAOER o nvacks - GG
S gegn |+ WEBER- O BRSRKRG:
— - PERE O KEAMAS
- BSRESRg  © WHETERE
. EEIENN

. RRMEIRE
K 5-7 iR 5% & BN

52 W4

MZHARFE AR ARIZTE, SXABEZRT R —RIZ L. 7,
Wk, ZUF NI ZBE K BB WAT A X T TR Ew A, R T &k
BN TR TAMG RN, B XA Z o Ao AT RAA R (2R
E) B FE KA.

. EHPRB SR
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PRERTYAH S REN T EBN BB LN T T2 2R EM
HBREBTT H b RE|ECWHAH SR e, RWEE L ABRERRS . BERR
Whehn. SRA. R, BERYW. ’ESF, wHE 58T,

EEN
| R EE N
|

/—{ ‘ﬂ,&m
A 5-8 fra kA

?%?F
it

[ f'\ ErER %

l I |
RSN

(1) #CRE®RRY

BEE R aEER. 8. AR, B, B4, AMEE#HERY, X
Whyroh B P FEET — RF AN AR, w0 (E IR &2 BER RO Tl
MY CInternational Maritime Solid Bulk Cargoes Code, IMSBC) 23, ( [E PR #k 3£ 5477

4-3% #r #1LU ) CInternational Code for the Safe Carriage of Grain in Bulk, Grain Code)

1 https://www.imo.org/en/OurWork/Safety/Pages/CargoesInBulk-default.aspx.

2
https://wwwcdn.imo.org/localresources/en/KnowledgeCentre/IndexofMOResolutions/MSCResoluti
ons/MSC.393(95).pdf..

3 https://xxgk.mot.gov.cn/2020/jigou/gjhzs/202006/P020200623763251332153.pdf.
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L UBREMH A RS RIRA AT, BRE R ERNERT RO EE
FEE T, RAMRE. HE. . FILFHNEFGERFTULATEER; [
B, R ER RS, TR T EWFEHRTREMES, AREFELLEK; &
IR B R A oA, BEHARER R BE; R RIF 24T, 84
AEHH A S T BT FERTEHNRER LY, LRREINL L
35 iy g TR 4T

NER, FERBZMZ 2 ANRNEZRANEEEREY . ZRESMUEE
Kb, REAGFHSMFRF—EBALIW, YKo EERLEL K RIRE L
AWM EEREY, TEAEHEY . AT . g L. A+ 87 MM AER
RUMEBRRA T 2R Z RS MHEBR T E L e A S afF: K%
MEHRRAFEH RN EHLEEAFANE, SRR R T L E LR, gk
RRAHREARNERSFRERKLE; R A K ERTEZ AL RIR, FHITH
AEFLAERR; BORE. BE. FRIFCEXRSHERIRFLAERR; &
FRA(WE) BRARAZASEHR T AXER, PRERIRFT L E LR,
AAER . EKMNERAURECEAARATRIFRSFHEMIRF R ALK AR
i mA R ENERETACRRARM T AHEIS Ry EL 2R ELST
W35, BME R AN R LA A LR RERETATREARMEAL £ LR,
ZIRSUHEKER R NERNEERAAFEAE TR R WERTEER, REHEK
HR M RETRE AR,

(2) #ERBAETE

BERGRYMEERBAELS R, RERELFES, RERLAE,

RERAEFGEFELE. ZE. BEE, ZREEE. 5. FF%.
WA, FRMERY, . Th. BHEERANRKLYE, FAEEIHEEL
Mo SR RCE B AR R R R A AR, BEAERA R, HAEE, KT
AR EARFA R KL 4 KK,

BB ANE R ERIRE N 37.8°C, HARET L 0.28MPa #Y 1k A 1L
TamATIERMFRE, HFEEHKKRARKE., BRERMKE. KEkE, ZRF 5

S

! https://www.imo.org/en/OurWork/Safety/Pages/Grain-Code.aspx.
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S et A RORE A P A FUN ]I 3% 32 & P AL 5 o AR AR A 3 o ik & AL 0D

( The International Code for the Construction and Equipment of Ships carrying
Dangerous Chemicals in Bulk, IBC Code) 2% 17 = By /& K4 i fn ¥ 78 & R A4 i oy
o KRN AT 77 3 2 T ZI N (MARPOL /A 27) [t T 64 i, AR 38 % 4 A 2
5 40 A A TP b 3R A TR

BRBANFRWEECRE: TEREA, ANLAE., AWHLAE, Z18
HNEEA; BMEAR, RAKE, RARFH BRERE FEA 2% KA
M, BRERAM; ZFRES, B REURHE, XRFUR LR, fiEET R
Ve o BOREIR S i S A iE iy A e S AR L BT, AR R Z Bl MO BRI, RIRE R
TR, AR AEARVE R R K I &0y, W MR AL AR B0 AR A
RRTY . B ERWR RS FAE LA ST R R pHFEREL,
MR ZARERIATREMHFES; BT R ERIIRE ., K
S EAEREIN; R EFEREFNRGBETETRE G 7T HAT. KH
B.MATPHER . Mt HR. BERREELSE, BAASKEFHANLS
BN, I THEAFREM, ML AREREE, dEXLEREH
BRI, M. BAARBEBARERAERE.

BMABUARBAEE @ TARK, LFEIRRA G T E T3 E 4 KR A
Wi B P ok 32 it AR AR AR A 1 Fu ik & #LUD)  (The International Code of
the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk, IGC Code)
MRBNRE X AEIRE A 37.8°C, LA IR E AT 0.28MPa Byl 1K XA i 5 i
WRARBEAHR S, RERALREEEHE NG, LPG, B FRA%. #
KBWARAE AR MAFIA; SRR WEMAENEE; KEERKS
Wi, BEERERM; GRARM; WFEMBEE;, GH8 R LMY RBAEZE; 5K

L https://www.imo.org/en/OurWork/Safety/Pages/IBC-Code.aspx.
2

https://wwwcdn.imo.org/localresources/en/KnowledgeCentre/IndexofIMOResolutions/MEPCDocu
ments/MEPC.225(64).pdf.

% https://www.imo.org/en/OurWork/Safety/Pages/IGC-Code.aspx.

4
https://wwwcdn.imo.org/localresources/en/publications/Documents/Supplements/English/IGC_2003
sup.pdf.
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KB REERE. ZE. k%, A FURD B R R TR, O e SR
BER; MATF, B AR = B By SR HAT TR R I, 7 — R R £ R HORE,
MAHHRREEERNREESERETIRUT,

ERH, R RB ORI LBERIATER, HETANMBEE AT RAFHE
M—TRATE., ERERANRDETEFBNRAELURGVETH —EE
TR L — AN E LR R A A AT A, I H DO AR
AAREE NN, B, k. A%, F4sE HR BE, 2XREHARE
EEFCHRENRT ZHMEABERBTHNEEZTH IR, O TERFEL
WmEAENE . FHEEL, HBERMR. AL, AEL, A RAK. RE
WEhE, AARET Rzt cefgE, Ba, B LA e REEExH
PRk B E IR A a4 E IR E A4 (IMO) | ElFAR LA 4 (1ISO) %, £+ IMO
HET UM BRI EEBERN»ES (CCC HEL) HIEMBELHHEX
ZABREANT, FFLLIMO X WK & A . 1SO #y Bt 32 & 2 A AR /E U &1 1SO/TC104
Er g £ BT EMEARZE R & f5, BT TR E., ERAFEMER iR E =k
o EFRAREMAL ISOITCI04 B A E R &« B 1961 4 k3 LUk, xf & 3% 47 B IR AR
BUEL LKA T, HRPEHK, ATHWERFENS 1 RFIE 136, XEEH—
B (2438mm) . KE A M A (12192mm. 9125mm. 6058mm. 2991mm) . & EH
=Fk (2896mm. 2591mm. 2438mm) . [ fF B & FEAB T RAER: SRT A 20
FR*B FER*8HER 60F, k20 RF4E; SR 4 40 % R*8 £ R*8 ¥ R 6 v,
Ak 40 R44E; SPRTH 40 ER*8 HER*9 X R 6 7f, H4F 40 REfl.
(4) P45t
PR P A e, AR B A0, BT LLLAR It E R R, 3
general cargo, WwEt =L@ Ry, HERUWX T UL AERRER, GREH®
REIFAG., £, HECERRZHNTY, RERRZRAAERE L EQLLN
elr. BAREB: WA MM &, KRGS, KX, B, REKRKR, X
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B, BoRH &, EREE, REAR, REME, RERR, KRS, &
TR, XA, BA&, KMEAME S, HBRHBEHSE, TLEEE,

MR E R, FARTRA RIS ERTREERRBEN, TEAEEH
B REH, B 3 A /N AT IS . AR T KR, AR
FREFEREN. EEMTALE. AFRRK (SRR 4, 2HaE, %
FREFABATHR: RAZHETT X, RAMEEBERTHR. KMwT
REW T, 18 KBRSt 458 77 R

EAFREEEYTE, ERoNARERE. REE, ETHRER, Bl
RN ZRE R A EER,; REFAAEEE R G AR T RIEABRERE
s (FEEFZH) ; BRRYFERAHEETLE, A, BRERET,
BWAEL,

(5) RE®Y

RETHMABERREMEEY K —REZH—MELEH TR, TRYE
FTENEERRAMBRERY, —RUEEHFFERE, LG, #ELEZFH S
NG, EEMFFEME T T, THEH. REME R KT EINFAR
R EEM R R Y, MARSAMEE . RRFALNTF 0 LREEDL by
PR, AHEBRX R EAERERBR O ER R FHRE, AN EE k0 —
AR, REMOTEMREZ: TFERRRE, RUEBILAFELUATUE
BHZZ WA, FETYARGRE, B,

X EHREERBURYNRZEFH F R Y RA K, 52 HEANER T RH
ZARFL LW, AT EBR TR K, FTUEX A EEZUREM
EHRAETWABE LR TR 2ENFEALETFEZ RSB REKZRBERER: X
AEEHMBE, REA R ERNTE. IEAMNFEEYRIZET, £33
AR B B, HAT e st — R E s T R RECE EE W IMA 0 B K
WIR T AL WA R T N U— TR EE BRI E R T
M EWMEBEANREN —NERET, HHEAREBRAARERAER £ B
AR AR AT R A B R
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\1,

REDH—REAT ZRKER: REZHINZ——KE K4 (RoRo Cargo) ;

REZ A Eiy TE——R ¥ A (RoRo Ship) ; R EZiyF Ko k&5 f—
—R ¥k (RoRo Terminal) . BFRAE, HHEEANWE &AEZRKITH
FEERYME; WA, RERYLERET KANK. TRIABA T RE%.
MEMEHSERTLHLR, SRR AE RS L KA,

RSB A R B RS, ERETEHMAT, REZHLAEAR. KAEM
BAEsS, HAT XHBET., LAMEAFZWA (pure car carrier, PCC; pure
car/truck carrier, PCTC) . Ziz&R 2 A% C(roll on/roll off passenger, RoPax) . % %k 44
B E At (container and RORO ship, CONRO) . & k& T#¢ Croll-on lift-off ship,
ROLO) & KREREM. ERERWAMRZMW LML ENESZT, gL L
PR A S BB T A o IR R A SR AR R MR A A, F Al B e A s B R R A
KRB IE o AR, HA LR A 0 B G R RS IR R
L. RRAMNRERY.

(6) FZ&

R, RETIIATERREREFTEEWATE AR, BH Z 4 2 H
EEMAT, BIEM “ERRE (ERELAGZLAA) A, LEEET 12
NELNRAEHN ZHRRRE: AL ERFRN EEEA, ATHEREMRE,
RABRTENBE T I AREARE; EAERFORAE, —Hy “ZHRATH"=K
“ZMRAVRE” AR RGHWKE. HT R MERRMGREERA. BE
TR BRI R R, AR Z AT AR O I 8 A R U R

I. e S

R LY RAREEE D LomBI R ERZ 50, KRS, Ktz
WEIT, MEKLZHIAT XTI A ARy TR, T, K3 R, 2R,
HEE, MUWRYRESEETZCER Y EREE, MR, K&k, TH0H
®, w59 FTT.
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[ERIR(F [EEIRIF
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BREARAS i

AREARE NG B
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RS EER
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Bl

'

K1 5-9 mHEkEEER
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5.3 ¥ H

EABEZERERTY, BORBHERFE, EMEMLHXHET, wE 510
Fime E ek ARSAA. ARAnGedy, ZAARB P4, A RWERH., 5
M ER %o, BREERMERE. Kok, ok GEA. B, 4
HWBERL ., AR BABERL . WA BEAL. AR, W EA . A RS,
BERBODEZIMYAER D E R, EPTE, RRATE, RHATE, 3IMA
E. MREHRE. Faw. BNEeEEE,

BOfEIAR ] S HHERSAR | U B AR |

BRRREEESISIRE
| BIRATIERSIRLE - ;
ERIAIYDAIBLRT - | EVETIEIRME |

; | EeESEE |
\ IR NIEEIRSS } | SRS |
ARRTSERE 7 | EMRESHL
RREFOARE | =
| BERYIIBIRSS

K 5-10 ¥ O B9 I EAG A&

5.4 ZRHE

REAMTRAFEAENE. KXAEFEMAE, EEPHREENETZZ S
. TEE. B EE.
[EINR
AEAFAFENE, NE, BE. BE. BEELES. RENX, e, &
EERE BEARERGIHREAZAEL M BHENLESRFHT, FiA,
Z4%. ECDIS #ARUWEMNSHDELEEM. AN, BRLIZTRDE
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BEaE Ik B R G S AE A LS Bat, RESMAERN T TR E
BEHmz—,

. IK3ERE

AXHBEEIFERE. A, KEiRElAs. FAHEH. KE. KE. BEE
By, mEIOAE. Y. KK

1. ArEzesy

FR K R AR RO, B AT . ARIE . B HHAOR. B
55 AR

WAARRIEGHABRE. B2, SV EBERANAR, RERERE, &
BEMRER. REREAR. FIMA. ABEAAR. RUKATARE. RIE (&R
B, ZiE 5EPEAT 4 E R /A 27) (International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers, STCW) % £ 7k 6 IF %, £ £ & STCW
ANG RIBERE, M RWEEFERX A 7 ABRGEER, WwE 5-11 TR,
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| mmmmsHtmE |

~ [EFERATNAPPA (automatic radar plotting aids)

" @ECDIS (Electronic Chart Display |
and Information System) ‘

| EEmmBs |

— [SEROBRSTN |

| mEsEm |
(TR, IES |

| EEEESREES T EENONSR |

| ERFETORERA |

— A Fh UK LHOERRES. DREE J

— A e e T

| CPR/EROERER
| HeWE @ WA 88 | spcenmenrBr

[ sraswusey |
ER/ERERER
—{ nusEusnEe. AR 26 9% | axsen

) | rREREERER
o L N e S CT T I e —
[ mrswrz |

| RE, REMFNEE. BON FRGOREBSIE |

| wmEme ok, BHSER |
ERAELHERER

| SRR j—t B RN ERER

= ) | rmmemmRER
Jila BRI LS R T

° o | wrmerew |
g MR A RS J» —_—
- - ‘{ Eren |

— g=Ex

PR RERER
| ERIARBPEE [ amizs

[ @enrnEMIEE |

— FEmsmRREmTtY |

| mMsKEigE |

| sEmOLERERSE |

~ EARSBERES |
08 s e
| W SRS RS |

| memmss |

\

— WEREL JOR. ERIMENRE |

| mFeAsSEREsRESER |

[,{ BFENSHHERLE |
l BFESSRHTE e ————

‘l - mFaSSpHERsmor |

| LR EE SMeRNePSEE |

FRMASE EAIEERER |

[ mAcMDssERiIBEES

| mEWRTOTLEES |
Kl 5-11 A RERgEE K
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6 BRMENIETXR

6.1 & RMIEZEER AN

HEMAARGH —LF WA wE 6-1() i, kR E B,
BOAN R B EMMR G AwE 6-10) TR, FARANAREMT R, ERX
B, RAAIMASHIE X Z M H R E W R AL, B, EER K
B HERERRANANRERERS T, XRWARTRATCEAALE, 7
R —LHEMAFAEAERRF.

.K' ﬂ g RCC/ROC personnel
Local Sensor Systems _
LSS o .o lo
Autonomous ship _._ —._ —.—
q&' ) ®| — _m_% Remote Control [.I.I.]
_— ﬁ
Automated Port Services h Centre - RCC . . .
APS Autonomous Ship Control 2 Ship
) ASC Q Management
Remote Shi
Planned Response Service <l 9 Co‘i:g-zle- Rl_é’%
PRS [t
Crew

Remote Operations Centre - ROC

(a) B EMfA R AEHF

Ay 574

Operator  On site services — OSS

‘ 2 Fairway 'mfo%m
= H—, MSI  AtoN
Operator River services \

Locks, bridges D[I":l

Le

. b4
e o - dah
L & % P+ Traffic services  pjjot
PR & L N VTS. MRS, RIS
Falrway Services
Operator <« d
Tugs, anchorage - % :
o / 0 1010 Other autonomous ships
- A & = e A N4 N
FAAY 3 Autonomous ship system -e 2y =
Operator Portservices Conventional ships
Mooring, cargo handling
A=Y
- L
T @

Other port operations: Supplies, inspections, reporting, checks

(b)) BXMHAZHMER =
Al 6-1 4 b Aniz & 4

! Radseth @ .J., Faivre J., Hjerungnes S.R., Andersen P., Bolbot V., Pauwelyn A.S., Wennersberg
L.A.L. AUTOSHIP deliverable D3.1: Autonomous ship design standards. Revision 1.0, June 2020.
2 https://aegis.autonomous-ship.org/resources/reports-and-articles/.

144



BERMETEAFRME, FELREN - IECRAZARERAGRH KR,
REAREHFHAECHNTIN, WE6-2 fir.

CURRENT SHIPPING AUTONOMOUS SHIPPING
BUSINESS BUSINESS

k3
£ - i
*

Shipyards ? Shipowners

- Ship operators
?

9

Ship operators

L2

Shipping services
Shipping services

?

Al 6-2 ZREMIZFH A EEM!
ETHERMENEREN, XERDEEMENE R RE KRB R R WHE 6-3 7
o EUMAAZS, FELEGAR, B (GRE) . B0, FEANEFDW
Bz, REMELE. MEREMRERS, WAROEAXAPSEM L, FaiHt
BREXESZHERBEA. & (REH5RH) . (Ea) REEXNaH 5%
Bo XEFRANHFHE WX TR RATER.

Bl 6-3 HHMEERH RIK R

! Source: Rolls-Royce. Remote and Autonomous Ship: The next steps. AAWA Position Paper,
London, UK (2016). https://www.rolls-royce.com/media/press-releases/2016/21-06-2016-rr-
publishes-vision-of-the-future-of-remote-and-autonomous-shipping.aspx.
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NEFZN

— TR R U TR E R B ERATEE, EAEARS RGN X R A,
DUt 77 7 A T A3 e — 300 A Rk, T4 o R AR, bR
AR AT S ML DA R, 0 [ 6-4 BTOR, SRR RITT D A A £ B

Condition detection Condition analysis Action planning Action control

I
I
:] l
N I
I
\\ I
> 1
- I
]

Kl 6-4 shatmniEdl— A RIA G0 A &1
> RARN (REXE): RRSGRERABENELS, ZELTUELTE
ReBAHA R A
> RAESNEELTD: BRBEEHEN S REFERNIFEREEMR.
S THAX CRFO: ARIFNERSEEA, UWEKHEEERFEE

RSB .
S ATEESR (AT BEBRLE HERRRRFOITERZAEFNSK
BRI A

HARXEREE B ERRXGHRA (FRE) . R QREE) FPAT (EH
B) ZAE®ES. B, XTHEMERART S, Yy ROBAREEAE T sme e
R&. BHEXEMEE, BERFAAHNON ., KRR, FimpyE G ALz
&, URAGER., BFFE. WBEIEFAE,

S
. 2E5%

WHEREMZNEREE . AREREEENZE, TUANANERBEF: —
HFHANAF MRS, REFRUMERMER: - T EEAREEAREFR

1 DNV. Autonomous and remotely operated ships. Class Guideline: DNV-CG-0264, Edition
September 2021.

2LB, FAE, PERCT. R —RAUE KA RIT R AR R, P ERFE R
F}2£,2023, 53:1-12.

S [E R BE AT AR GRTIC . B REMTIN R e A e B ——Im ARG (2023) .
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ANFHBERE., RANKE. 246 IMO RENN N RANBHE EFSAERX, &

HEURAEIRE . REARARNER, SEETFRBTEXTHITLFKRHATT

WE, ERWMFA; FIRET STCW 24X THBARBRGEMELHTEE, N

AGREARWAE, S RRTRAFRATTHIME, ERWH X B.
MTEEHEEEERE, EAELET, RXAET AR 7%, iz

EANER, UWEIARFHZ2AKTF, Bit77EN B RER LI X — BTN E

WER R T . B — LR EE WA, 7 — &5 asifemig

BEAX. B EEEMREH A BARAEELRT CTRRaREMARA,

B M fem A2 BT ACF R AT R

#AT A3 4L (navigation and maneuvering)

Az = 4| A JE B (remote control and supervision)

i fz (communication)

FlE 5 A% T E M (stability and watertight integrity)

M7 % 4 (fire safety)

#k 4 (life saving appliances and equipment)

R4 (security)

¢4 % # (cargo handling)

%A (mooring)

#78 (anchoring)

# ¥ (propulsion)

#15 (steering)

% Celectrical power supply)

54| # Y0 Ccontrol and monitoring)

JE# (ballasting)

A e R % (drainage and bilge pumping)

#4754 7  (maintenance and repair)

¥ F 548 (search and rescue)

I T S S S S S S R T R S S S

! DNV. Class Guideline: Autonomous and remotely operated ships, DNV-CG-0264, Edition
September 2021.
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< L A¥H S (emergency response)

LEAE R A R, A AR X o R — B 4 T AR 35 R B
HX. AGFEXNA AT o0M, UHRN N B, B, TEEFRKFI
AR M. MW AR ATFEERFETEHN TR P H#AT, AP EHNESH
AT o g6 T BB R A B S AR RAT .

REGAGNIT R EGEREAN, EWX B ¥, X TEELAZRMEMN
MINREER, NP RETHRELFEIAERUENRSE, G

> BEMATRG, MR aEFEMEL, WERMBEZZEE, FLRM.
ECDIS ®#t. MATHEIE. MR A @EFEASRI.. #ie. B & FFEE
B EEM AT RIMEEMN;

> BEREEEBEE. HEMRAERA;

> GREAGRA, WHAEEAXE. KAEABERAXERTHER. #F
Fosfh Bl L B2 & KA, 1 5l GMDSS(Global Maritime Distress and Safety System)
WTRGMREREMERER, EXARATRELLERS

> EFHEENEHAERG, aFkEER. MR AE. TT AR
ERER, fREEHSE;

S HARERNAZ, efkE., REFTERME. ooz ERLBEH
MG, WAAEZENE, BHzkE, REFRE, RFMHNE
e,

> EIE AR, GEM LK. BHEK KA K

> BHAEFHRG, CEFHRAXEAMBREMAZWEI ., HiEE, HaiTF
&R T 2%,

> HHARHER R G, CEHBIRE RIS,
A e, AL Fo BT B A G W R A

> HXEBRARK, QBB FNSFEERS,

DA EMATRR NG, EEREWE 65 Fr. MEEMTESL, EREXE
BHAGIER AL E M E, wE 6-6 AT,
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Whistle Navigational

AlS lights
ECDIS
Autonomous navigation system
Speed log
GNSS
Situation -
Radar awareness system ¢ (;
soun
Lidar Collision and grounding Gyro
avoidance system compass
IR
Microphone
Cameras g
Anemometer
Inertial
measurement
Thermometer unit (IMU)
N S = A N L 1
K 6-5 58 EMATRAAAANESRE
Situation awareness system
Situation awareness
sensors
\ |
£ Route planning Sensor fusion
g module
3
,E Situation awareness
Propulsion Dynamic E module Data Remote
control  [€— positioning & li
z - - ink operator
system system 2 Collision avoidance
=1 module
£
o
§
= Ship state definition
< module

)

& 6-6 B AT A G R AM?
N THEMA, FHAMETRRDEZRBHEEMRARCERT RS
(FRARMAEA) URAEX., HVAC 24 (ZRMERRS) . KEAR
HE. EEGAABERE, REREFEAREEVERZ2HBEMRNASM

B

! Rolls-Royce. Remote and Autonomous Ship: The next steps. AAWA Position Paper, London, UK
(2016).
2 Rolls-Royce. Remote and Autonomous Ship: The next steps. AAWA Position Paper, London, UK
(2016).
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1. EhitightE
RS R BT R AR, AEETRT:
AR 0 (ROC)

AE&EERERA

fi i 5 A 3k

Wik

6 o b o 1R R

F=H R HRF

IV. &

BHMEEET, BEEERREERTMALET L, ETHERE AT

AR, LTHEE TS HA

¢ HTREAEE, FREK. TRMK WA, 40T EEL%— bR
TRECEREBRAMATRERE, THELHIA TERERM.
R GBI E AL . ROC B4 A fE AR AR AR . ROC SR 45 70 A 70 A A8
To AT A B AR AR S R A A AL R

¢ MTHEGARE LU, BEET. NBH. EBH. KL%
WEREZEMAERERERGER, TRABTANPEANBEE Y EEE

AR ME . RSB B SR AT, AR R T B2 AL AR SR E 4 B B AR

R EATH B ROC B RRE = F M5B k. it 2¥, #eE
BE NS A ANR T T AR, 4R R R AT B 4R R
5 R G HmREE,

S AT AN RREEE — M R R, TR Y B A AR R
ROC €HMFIN. #E% =7 RFEIRE— M THEBREEE
5 RE AR

o AT AN RRETE A RMARER, THEE N ROC £ EH L
FleHE A S £ M AR B . B ROC % %8 HI DA 71 4 R 18 T 4
RAE, TR TABEEND, faZ—HE=7RF5HN.

S R S S

EI

21,
5 Fe
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62 FRMEFR THWALFX

| BETIAT

W ‘1 BIE7 HARAMN, HFMA. TG ERRIE YN RKRESE
TV ZEENRERE, INHFREGERAGZNERPETEANRE, UREMA
WeHARMEELROAERK, FRNEM T HENREREATFR2ED, &
SARTRERREEBMEN, FUAREURAEREEFAFKE S
(International Association of Maritime Universities, IAMU) A7 F| #9778 %= & W A A
(Global Maritime Professional, GMP) ##E ALk R & 1% 0 09 i v K A A W4, A
AR XA R R R

WRI TR, HRMEZEEET, MR EETEMEF KA B HELERE
P\, ROC BEHEWN., FEF=FRFANRE 2890 TWHE T &, WwE 6-7 Fr
To MEBE AN, REET STCW 2 29F AN LA K MASS AL N\ A 7 & 2
WARBEEBEX=KAR, A ROCEE NG MEEE =FRF A WEET
ISM AL ZE L %2 2B KA

ROCEIEHARA

&1 6-6 M F Lk AT
(1) 72 AEAR 53 H A
BIEXNTRAEEELAMT LB ERWM A, REET AN, EAAE
REANKARZ T URE . TR FREREZANZ LT ERTR, £EF KA ROC
EEANMEEAR = FRFANEHAELIERERNELEARAL, THEAL

L https://iamu-edu.org/gmp/.
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U¥ERARARNZRA “GotoSea” BB FgE /1, MM ABNHFHLLT
ERME. 44, R REMAN, NENBIEEZ —ZRD B R A2,

BT EMMRANAZKE R D, BATMAT. RILTAE., B TR 5EH TREREWN
BABRTEBALK, BELZWLEME TRARAANERITE “ZBHE—" A
Fo ZRMEB, HEETARBHIAN, X TZEMRT, 6 A (2K, AT
B CEIMATIRR. EERRNTRT. BERZRN TR, ZIRN IR,
FREEZRMME AN TR, XBEFRAAEEARFHRNARNFE, 45 REM
EREARA R CEERAFE. 44, BERRAS D, SBmEER. KR
XEFRZNEH. Wi, FRANERER. RAARREZFRD; XRFMAAEWN
ERRTZeERABR. HFEBGRARE T BB EEF = FTREHEN; £
G ES-E K ALTU AR &, EARAE R RN BATAER T, % R, ik
Bodm . TRH S A SO O AR R AT

(2) ROC & Z H P\

ETREFRNBEAHRY CGRAEEEINN., EREBA. HFH. HKEEESF
PR B EATE) , MASS B3I N B R B, EE, R HER L Woh st B o0t
BEERXHE, AIRERMEREEZER. #F ARG LM ERE MASS
BEAGFEREFRNG, I BLTURE R 2k oy £ 500 R #AT ) #t
RWERZBERETHERK MASS 1 RYES. eI FHEE /1. ROC AEK
AN R R R, XERE RN EREET LR, B 5EERNERE T
B By 3E k. DNV {Competence of remote control centre operators) 1. EMSA %
T E AT % T E (ldentification of Competences for MASS Operators in Remote
Operation Centres (CMOROC)) % X 77 & B4 & i T A W (& HY #F 78 Ak R AR
ROC AN BFEMKIMILE R, ZBEER (FEL . ZBEER (BE
o . BNIRE (FEF RAIIRE (BEH BARRHIRIFEELE

! DNV. Competence of remote control centre operators. DNV-ST-0324, Edition August 2021.

2 European Maritime Safety Agency (EMSA). Identification of Competences for MASS Operators
in Remote Operation Centres. Final Report commissioned by the EMSA under framework contract
2022/EMSA/OP/24/2021, October 26,2023.

% https://www.emsa.europa.eu/publications/item/5089-cmoroc-mass.html.
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ABRE, HEXEURE RSBENAHELHERGEN E, BROW RAGE GRS
BREE .

(3) REE = F K% HIA

REF=ZTRSANAENIRE T @ Ry SHAE, st HET Ar. #
KREEHERA. RRARELEFILERZRERL. ETRLEWREF AT
REE=Z7MFAN, GRATRA RASEMARK, S HET AT, BEREEEGR
o NMAMBEEFAKAERRELEREN ARA, BN PN LR EEILSH
EREBEE, MAMARTRERETSBILEHAEREE RERDBHE R,
EREFE=ZFRESANBEEF A, ARG 2B 0B E & AETUZ R
. RFAK

Il XA, KEESEE

WA B & F STCW ANy 41 S E, & EAR A AR AR R ETIA
ROC ZEEIA UK FEE =7 5 BIAEy A RERpEAn & (X B R % 6-1. 5k 6-2
fik 6-3 T, A, HEH. MBEMEEET, AREFERFRTHR, B
BEFAREBEFN BRI ENMGEEFHERANE, wEEEREHA. B
. BT, AHKE. AT, 2HH. WEZLPRAIFRREFALE, U
BAFERY . REAN. 28A. BREBESHA. BETUNERFEFRET
THEFTHFEENA. B4, £T Bloom #¥ By K%, MEME R BN,
ROC ¥ E AR ZEE =7 R & BN A RRESTELA, HEAKNHKFE
W, HATRBETF X MBF AN, HRAFEL TR A E R, UERES
FERMETZETHEELT AL SR,

1 #: ROC-Remote Operation Center; TPC-Third party contractors; N/A-7F& A .
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k61 7 AR R E A A RIR B A (
B RIETER
CEE BT IMO DoA | IMO DoA | IMO DoA | IMO DoA
&7
1 2 3 4
Functions
HEE 1 fiAT
NI Human- Human-
i Ik
3T ALK T R on-Board | on-Board N/A N/A
s Human- Human-
- RE AT
AR R AL on-Board | on-Board N/A N/A
TN N Human- Human-
Nl D QZ
M2 Fafs BB & %= on-Board | on-Board N/A N/A
. . Human- Human-
== K o
FLTAM on-Board | on-Board N/A N/A
. Human- Human-
ECDIS &1t on-Board on-Board N/A N/A
- Human- Human-
AATEIE on-Board | on-Board N/A N/A
o TN Human- Human-
ﬁ = N N
TR K A A g i K SR I on-Board | on-Board N/A N/A
. Human- Human-
B on-Board on-Board N/A N/A
e 3 Human- Human-
An VAN N =4
LI RIRER on-Board | on-Board N/A N/A
o o Human- Human-
2 ~ e o ML
AT & T Y B AEALAE on-Board | on-Board N/A N/A
NN s N Human- Human-
B, $hEf A H on-Board | on-Board N/A N/A
N Human- Human-
e
RS on-Board on-Board N/A N/A
. TN R Human- Human-
N "~ f 5\
R A AL AR R on-Board | on-Board N/A N/A
- . Human- Human-
"I A on-Board on-Board N/A N/A
, . Human- Human-
\ %\ W
B % UL on-Board | on-Board N/A N/A
Functions
REE 1. Sk sl
Wk, HE, Z2H. ﬁnﬁ‘?%% Human- Human- NIA N/A
kil on-Board | on-Board
E., REF LR, Lo EREE Human- Human- NIA NIA
A B R G A R T on-Board | on-Board
T Human- Human-
fe b 5% 41 1 o on-Board on-Board N/A N/A
Functions
REE ll: T4 wiEfs
& fl GMDSS ¥ F Z G fu ik & & H fn ¥ Human- Human-
oy i i N/A N/A
K1z B on-Board | on-Board
o —— . Human- Human-
UK & e TR AR T 4
ERABNTRELLERS on-Board | on-Board N/A N/A
Functions

BREE IV: AEARENEEf A REE
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Competence

A BEAE AR IEAT AR K

E IMO DoA | IMO DoA | IMO DoA | IMO DoA
1 2 3 4
BRI AKE, BEREE, REMLHEN Human- Human- N/A N/A
& Ak on-Board | on-Board
I]k;ﬁ /\\ AN . - k Ny A Human' Human‘
BB A 5 R X R B R T on-Board | on-Board N/A N/A
e P I V= S T b Human- Human-
WRE T T REK on-Board | on-Board N/A N/A
. . . o Human- Human-
i bz A KR
R OELEUEEZS 1 B I B 7 N/A
W s Human- Human-
hiEE on-Board | on-Board N/A N/A
N . N \ Human- Human-
3 R B 22 A TR
LR b i i A 22 4 T 45 7 on-Board | on-Board N/A N/A
= N Human- Human-
LG B 22 A
A AR A Y 2 2 on-Board | on-Board N/A N/A
R, MRABRENES., RER Human- Human- NIA N/A
k. HE A AR5 TIERA | on-Board | on-Board
N , . Human- Human-
ol N B Ny NV
LBk, ERARBRIX on-Board | on-Board NIA NIA
B e dh L Human- Human-
BERERE on-Board | on-Board N/A N/A
FITN AR EEF TR ALELAE Human- Human- N/A N/A
L on-Board | on-Board
e, EELEMANTERERNE Human- Human- N/A N/A
] on-Board | on-Board
X Human- Human-
BEETRK on-Board | on-Board NA NIA
Functions
ek V: BALTA
FHIRE N RAEN . BIE. Human- Human- N/A N/A
MREIT R R A on-Board | on-Board
. N o Human- Human-
é A =
& ALAR L B R G R on-Board | on-Board N/A N/A
. RO . o " Human- Human-
W 3 = - b 4 e A
Whod . JEE A R AW REEE on-Board | on-Board N/A N/A
WimA G, BHASL., FRAKRAGME Human- Human- N/A N/A
MERAURERER RGN RE on-Board | on-Board
Human- Human-
HALEE on-Board on-Board N/A N/A
. . \ Human- Human-
T N %\ L
REFLADE on-Board | on-Board NIA NIA
; . . Human- Human-
A 2 % S \
i 9 ve A B o 1 e on-Board | on-Board N/A N/A
N N T g Human- Human-
DL# o 03 Y A 318 on-Board | on-Board N/A N/A
e s s Human- Human-
e =y
FERNIMEERS on-Board | on-Board N/A N/A
Functions
e VI: BA., BTG ITE
W S I A i b (e Human- Human-
A, RTERMEENEETE on-Board | on-Board N/A N/A
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A BEAE AR IEAT AR K

Cor';g?ience IMO DoA | IMO DoA | IMO DoA | IMO DoA
1 2 3 4
" S et [ T Human- Human-
B T B D B ol A ol I 17 N/A
. . X Human- Human-
=4 /: I é
BERR., BTAEHRRL on-Board | on-Board N/A N/A
, NN Human- Human-
5 5 b b I o
HEA. BFREHNRRNETEE | 5o | on-Board N/A N/A
o Ny Ny \ Human- Human-
2 g /e /e é é
BEM LT HANBATENE RS on-Board | on-Board N/A N/A
Functions
Bee VII: £ figE
s Human- Human-
4 X JE 72 B ph A
BPREERFNEE onpet | B | NIA N/A
. N . - . Human- Human-
\\n o j=1=1 o= NN ==
FM 1R 7 AL 25 1 R [ 08 P = on-Board | on-Board N/A N/A
. . Human- Human-
N D _E- NI =
AL ITREETIRARMNEN R | [ Boord | on-Board N/A N/A
s L s Human- Human-
: T2 Bk A 3 A
o EARA A A 5 o | e | NIA N/A
\ . Human- Human-
= L2 b b S
AR TRENEF HBE on-Board | on-Board N/A N/A
BPMBEERBLE . WK, Z
WEMATERE. AR RS, FHRAML Human- Human- N/A N/A
M. REREEUREFELEENE. on-Board | on-Board

EHAz e A%
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* 6-2

ROC %EE@MEV?/\EEF%

Anid A B K

& BE AR EIE AT R
SR IMO DoA ||v|o DoA | IMO DoA | IMO DoA
EE
1 2 3 4
Functions
HEE 1 fuAT
NN Human-in- | Human-in- | Human-in-
i Vo
1T Lok AT R N/A ROC ROC ROC
AR fA AL N/A N/A N/A N/A
NEFBIET ZE N/A N/A N/A N/A
= . Human-in- | Human-in- | Human-in-
RS N/A ROC ROC ROC
. Human-in- | Human-in- | Human-in-
ECDIS F4it N/A ROC ROC ROC
. Human-in- | Human-in- | Human-in-
AUAT (L 3E N/A ROC ROC ROC
PR TRTRTON Human-in- | Human-in- | Human-in-
TR R A A0 3 KSR I N/A ROC ROC ROC
. Human-in- | Human-in- | Human-in-
R NIA ROC ROC ROC
o Human-in- | Human-in- | Human-in-
A I\ IR JE A
Bl RIRER N/A ROC ROC ROC
. o Human-in- | Human-in- | Human-in-
Es N o ] cliG
L EAS TR E N/A b b e
. s N Human-in- | Human-in- | Human-in-
BH. #mfRiE N/A ROC ROC ROC
RN Human-in- | Human-in- | Human-in-
£
RS N/A ROC ROC ROC
g, TRER N/A N/A N/A N/A
- . Human-in- | Human-in- | Human-in-
EIF A NIA ROC ROC ROC
N , Human-in- | Human-in- | Human-in-
W %\\ \
B % UL NIA ROC ROC ROC
Functions
e 1 e EE AR
g, H&. 2E. tir+ ey
B 4 Fu 2 N/A N/A N/A N/A
oA %&i%ﬁfé . Mo EfE
2 4 By Fa%ﬂﬁﬂ R N/A N/A N/A N/A
it isia N/A N/A N/A N/A
Functions
BREE . T&wEEfE
& F GMDSS ¥ F & 4 fn ik & & 1 fa N/A N/A Human-in- | Human-in-
Bk R ROC ROC
. . Human-in- | Human-in-
UX & f <4 T 4
R AER T REE LB A N/A N/A ot ot
Functions
BRae IV: el EE A RERE
BRIz kE, REREE, REMLH N/A Human-in- | Human-in- | Human-in-
B3 At ROC ROC ROC
N o e e Human-in- | Human-in- | Human-in-
A B2 5 N 4 sk [
M B 4 ) R 0 E SR A N/A ROC ROC ROC
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B A A IEAT A R
Comigeftf“ce IMO DoA | IMO DoA | IMO DoA | IMO DoA
1 2 3 4
VRN . Human-in- | Human-in- | Human-in-
F s R ES
FRE T T EEK N/A ROC ROC ROC
R SN - Human-in- | Human-in- | Human-in-
sis ]
AR U & A LR B 22 2 B 1 N/A ROC ROC ROC
s Human-in- | Human-in- | Human-in-
wHEE NIA ROC ROC ROC
N . N Human-in- | Human-in- | Human-in-
W\ I:l\ 2 '_1/\
KL JRLBR L 6 B A 52 4 T 46 7 N/A rou rou rou
N Human-in- | Human-in- | Human-in-
= LBk e A
A U A N/A ROC ROC ROC
REM., MRAMKENZL, KK . : .
. N . N Human-in- | Human-in- | Human-in-
5 ik H 22 A Z g gt
Rk, WP KMZLRANTE | NA ot ot o
N . . Human-in- | Human-in- | Human-in-
ML N 53 Ny YR
o K. KA K N/A o ey o
5 gk L SR Human-in- | Human-in- | Human-in-
BAER AL S N/A b e b
FIT N AR EEF X FAEE S N/A Human-in- | Human-in- | Human-in-
R ROC ROC ROC
&5, TEBEGEMEN TIEREN N/A Human-in- | Human-in- | Human-in-
iz ROC ROC ROC
. . Human-in- | Human-in- | Human-in-
A EET AR N/A ROC ROC ROC
Functions
et V: BALTA
THEHEREFESNARAEIN. & N/A Human-in- | Human-in- | Human-in-
B, B ITER LY ROC ROC ROC
KB R N/A /A | Rumarine | Humenin:
fow, EEBPERAHREEE | NA /A | Rumarine | Humenin:
MmAG. BwA%. EFEKRG A N/A N/A Human-in- | Human-in-
HMRAURMERER R RNEE ROC ROC.
o ALAE T N/A N/A Huggrgm— Hu;{ngrgm—
B84 A NA | N | Humavine | Humanin
e 3 A B N/A na | Humarin | Humain:
4 0 T K 3 3B N/A /A | Pumarin | Humanin:
FRAHSEER S N/A N/A N/A N/A
Functions
e VI: BA., BFfiEsTE
. S| A (ke Human-in- | Human-in- | Human-in-
B, BTFEHRENRIEEE N/A A A A
- B e T Human-in- | Human-in- | Human-in-
RCES LS N/A A A b
5 , , Human-in- | Human-in- | Human-in-
3 = X 5
B, BT REHRS N/A A A o
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A AR AR AT AR

Comigeftf“ce IMO DoA | IMO DoA | IMO DoA | IMO DoA
1 2 3 4
. e . Human-in- | Human-in- | Human-in-
g & 2 s B 3E 47 Wk d5
AR, BT AES RANITAT RS N/A ROC ROC ROC
5 . . N Human-in- | Human-in- | Human-in-
1 )1 é
R A L H AR H A% R % N/A et v et
Functions
HLRE VII: £ fufs 38
.. " Human-in- | Human-in- | Human-in-
4 A P A2 R gk A
G RBGEEFHNERE N/A ROC ROC ROC
. . : . . Human-in- | Human-in- | Human-in-
ZARNI o oy &3 NN S
FIARANLE SR E SRR | A b b e
. . Human-in- | Human-in- | Human-in-
N 2 E— *ﬂ =
R L TR 2 T B Rl & Pk N/A ROC ROC ROC
N _ Human-in- | Human-in- | Human-in-
AL Js k4 =y
1o EHUIR R R A R N/A o ey o
. _ Human-in- | Human-in- | Human-in-
= 8 b4 E 4
RCLERE SE s N/A o b o
G ABEIEHIRE . HHILMK.
BREMATRE. BHEERSE. F N/A Human-in- | Human-in- | Human-in-
WAL . 580 B % & DA R A TR 1% & B ROC ROC ROC

B3, EHmZe RS
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%63 FEE =7 MFH AN RIRGE

Anid A B K

& B AR REIEATAR

Comgetence IMO DOA | IMO DoA | IMO DoA | IMO DoA
EE
1 2 3 4
Functions
HEe 1. fufT
T ALK T R N/A N/A N/A N/A
A AR AL N/A N/A N/A N/A
MEFBIEER &£ N/A N/A N/A N/A
FHR M N/A N/A N/A N/A
ECDIS & it N/A N/A N/A N/A
AAT (B 3E N/A N/A N/A N/A
AR K R A0 A SOR I N/A N/A N/A N/A
B N/A N/A N/A N/A
B WFEER N/A N/A N/A N/A
EAMEH THEIAEEMSMN N/A N/A N/A N/A
B, HBmRE N/A nA | Fumanof | Human-of
CESS N/A N/A N/A N/A
R ERAR., TR N/A N/A N/A N/A
¥ F A0 B N/A N/A N/A N/A
R AR R N/A N/A N/A N/A
Functions
ERRE 1l B¢ 25 #1 fo FH
Weamdete . B&. ZE. T RYE N/A Human-of- | Human-of- | Human-of-
B 2R TPC TPC TPC
HE, MEFTEHERE. O EPER N/A Human-of- | Human-of- | Human-of-
At B B Tl Fr B L TPC TPC TPC
£ T By iE 4 N/A Hur11_1;ré-of- Huq_‘ngrgof— Hur1r_1;rc1:—of—
Functions
REE ll: T4 e
— :
ﬁmewmswgégﬁuéiﬁﬁﬁ N/A N/A N/A N/A
ERABNTRELLERS N/A N/A N/A N/A
Functions
BUEEIV: fEVEBERmAREE
53 1k > & s
E%%mﬁ\ﬁ%ﬁﬁﬁ,ﬁ%W%% N/A N/A N/A N/A
i fi
s B ot R X o BRI N/A N/A N/A N/A
S e o = Human-of- | Human-of-
HARE FIm R EKR N/A N/A i TPC
ST LELLEZS 3 N/A nja | Fumarof | Human-of
s Human-of- | Human-of-
MirHE N/A N/A PO TPC
L FRL R L 8 f e 5 4 TR 46 N/A niA | Fumarof | Human-of
LT T T N/A N/A H“$gg°f' H“$gg°f'
B, AR ?Fﬂﬁ‘&%iéﬁir/\ R& R N/A N/A Human-of- | Human-of-
KA. BRI L2 RGN TIERS TPC TPC
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AR AR AT AR R

Conj?g%e”ce IMO DoA | IMO DoA | IMO DoA | IMO DoA
1 2 3 4
, i b T Human-of- | Human-of-
M Bk L DK SR A KOk N/A N/A TPC TPC
BRI A N/A NiA | Fumarof- | Human-of
FAT R 2R EEH TR FLE L ZE N/A N/A Human-of- | Human-of-
L TPC TPC
Geh., EEFEHEMEN TIERENIZ N/A N/A Human-of- | Human-of-
Jiil TPC TPC
W EER AR N/A N/A H“q‘gg"“' H“q‘gg"“'
Functions
HEEV: BALTAE
FHHAEFE BN EY . BT, N/A N/A Human-of- | Human-of-
MR AT 1 B & o A TPC TPC
&AL B R SR iR R N/A N/A N/A N/A
WA, JEVE IR A E K RIEE R N/A N/A N/A N/A
MimASR., BHESR., EERAZGFHE
052 DL 2 15 ) % S 03 1 N/A N/A N/A N/A
B ALE I N/A N/A N/A N/A
BAE R 2% & N/A N/A N/A N/A
SR % b ke | Human-of- | Human-of-
7im 5 K e A 3K e 7B N/A N/A TPC PO
DL 4 B A 0 T R 3R N/A N/A H“$gfg°f' H“fpgfg‘)f'
fE R NEHEEZS N/A N/A N/A N/A
Functions
B VI |5, BTFfEs TR
B, BFEFTENEEETE N/A N/A N/A N/A
B S T H AR & I N/A nA | Fumanof | Human-of
BIEER., B TFTHEHZS N/A N/A N/A N/A
MEA, BFRAEFRRARNIETEE N/A N/A N/A N/A
BEMEHENRTENRS R 5 N/A N/A N/A N/A
Functions
EREE VII: 447 Anfs 32
e Human-of- | Human-of-
2 X =4 b~
B FBEEEFHEE N/A N/A TPC TPC
A3 B AL B T 0 0 N/A N/A H“fpgg"f' H“’}‘g’g"f'
. . Human-of- | Human-of-
; 2 NIIE=S
& AL B im TAnf5 38 T A R &Pk N/A N/A TPC PO
N . Human-of- | Human-of-
g k4 E 44
A EMRAE SR 56 E N/A N/A TPC TPC
S TR A A S N/A N/A H“$gg°f' H“fpgfg‘)f'
PG EERAZE IR, B
WEMATIRE . A A5, FARMN N/A N/A Human-of- | Human-of-
W, FRHREEUREFEXLENE . TPC TPC

Bz RS
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7 Rt EARMIEE R ER B SRER

. SRZPAIRKTF MASS U=

AT MASS, EEZX. ERARARETERRE AL E T L2 BTN E EKFE
FRIHHE, EIE, IMO & HBIHB AR, EEAA. BEELA. T2EBEEK
FREEREEMEEL. FEEAER LR RES, RS RRREAT IS
MEEZ—F, T#—FH, IMO WERE, BAROAMEL (BEHAFEK
Za), WAREAME (EREHEEREZHD , EAEELEZT L2248
FERER AN KA (BRARTRFEXNHEANEREM . REBSAEME
TEAN B NE Y WAER, R — A, TRNEERRATRAFXT
FrAE R P — A S LA (R RAF S M min SR ; B — A E— M
R, A EICAT, B BB IES TR ATAT B BT A % X IO A AR X P — R AT
BIE EAEETLA. T4 B W RHERE MASS, 43T Bk 5t =2 88 A &
Ao BT LR 4R R AR AEAR A MU FF A6 X AR B ETE, N B2 AN TE SR UL ASEE
MAER, BN AEFLEYNE—T. MASS A, TALTZEW, NHEALE
BRI e K RAS, Rf%s, ROBA. BRARGLE!

. DIRBUFHIEBE ALK IFIBERS |5

UL AUTOSHIP TUE A, BRE R &k B EE s s s a4 4, At
F L+ B kA B T 2 AR T 37, B 42 Rolls Royce. Kongsberg % i F %k B X
A, HRAENBEARRER, FHTE—Awelb L, BEHE-NEBAW
BN = S B, H BN E R I B R A TEA T . KW & 48 R A 7
B 90% ., H. #H=—H, FRMIZABRHNEAT e T X TEZL L £ FH,
TR EATB AR, BRI SRR AEHRRETHREN. B, £
ZH, AHRTE, TERRHEREANRRET R, mAKLEN, S THEX
kEEMERRREBMI LN T RF HFEAARSA, REFLAET,

. (B, &2\, HERIDREIFH

162



ERMZHERERQFMME, B0, T, . ARURMERE . M
REMRZRS, REBEAMENEERESHEA P XH— SR MT HAR, £4.
R EXFNRER. PTEEGMMAATRALAN (BB HELEELH-T
HAARR (2023) ), RAIM T REZEMBELRETRRNE M. HF A E
MEEZART ZANRXBEEA XU ARARREHEBEN, BERATET Y,
A — ARG RN B RKBERT R, BIEXAH, flinAfEF— &
BENKRE=ZFTRS, WIFBAHTHRANE LARERAL S, FTH
FIMENE, XEMEWERGES AL ERE, TARELHNRAMBENE L
FE ENATE, wiFb2—MLEREE; BF, KE NOVIMAR T H 4= 1 4 it 4
N, EAZMEZEZETANERER; %, YREFHEXRE, UETEHE
FETHRAZLRERBTRERANTEEE, UEXCHERT EEHAN
A, Wb, HHRMMERETRAMEBTLERIERaH, BEWEML. 2T
ERGAMEIANTHAMEGE. SRELARN. KRETRARHMEEE, 7
#EA. ER. BENHRAFTHERELEN,

V. SEFE - - - ARE & 7D

ERIELE 7 HELITRI. Horizon 2020 A% 5 6t R, KEH3157T
MUNIN. NOVIMAR. AUTOSHIP. PREParE SHIPS. AEGIS % —#L% ft it 1% 47 3%,
MEATRE . EMREARAT 102 ZRAFEAHL L GREFARIMLNES S,
BE# — 51 7 Rolls Royce. Kongsberg £ £ 4p A\ 893 K45 #7, [F B A0 0% 10 Ao
BET —A#amal . o, FER NFAS, # 2 SMASH. # 2 OneSea. # Z #f
ARNTP, #[E KASS. H A& DFFAS. HA& MEGURI 2040 % T H Bk &1k, #2
W-FE- LM B K AW, FERMRET # S EAR LT RR, HE
IMO. 1SO #H 4 THZRZSATEN EERM T, ELRERMITHAR, KRBT
E B B A B A R E AR T E R R Z . R A R AR
TrRBEE”AE A P F A E B AR F T, (EHTATIE . B ENLS T E T,
LB R AR A T RA AR R R R NFAS, B A MEGURI 2040
£ H HEA KRBT, BLZRET. BORIWK-F-2-HE, R#K
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K. He. BAR AL FUHERBRAOHRERA, £ B E A ATz R
TEBE A,

V. (BiHIREE/ R FRIEERAIREL

ERAFBIAAT, B2, e, BAFHRIIARBT 2 MR ET R RN F
W E. flan, XBEMATHREMRZELEFIL. F4. ECDIS. JFEMN. HENX,
Baiftd; LIEADEAREMAZAEIN, BR, BiX, b AL. Bl
A% AAXAG. EEZRARA RS SRFEEXNREMRARCHE R RN,
REA. B, BmA A, BERMy A, e s SRERANREMAS
BESRY. RERG. ZRR%. EFRRR. SARR. RAVBRKRTE. 5
AR b B E MR R RM AR, KRBT A R — =8B 7 358 B T #EAT
B HMEEET, £8E. CRE. WEGFRARFHTAUER, HEREN
WREITE, #TEE, TA. BEEFHRNEZAERER. el AT AR
A, BRENEBZELRAERAREMAGEM LA RREULIER. BEFY
RE, QIBTHEMRGRM, LWL “—EE" ek, RAEZAZELRE KN
—HRUERARL, AT RERBER SRR LA KRG W, RE RARE
EROMEFEMTHOTEN, THREFFED . REBNAREN, T EAMH
fER AL, ROC EEEN., FEF = F MG HINARENE. HECATELRAMH
B R

VI. JIARIRE AR HRIEEHET

RHE . HE. DASEL TN E . TUH, HELT T8k,
#)BREED, R E N BN R R AR R RE P E LR EBRN T
EREAFMAUKTE, FHEFFFHIFRaK, DRFEHFHER, LTI HHN
Wik, RAMERZ, BAA TR RRGAFTHEM AT LEXE®LY, ©BH
T R EE Ut B 2 3R 7 o B I, 05 RECE s, X T RO B E R E ,
FESLTUE W3 &R B AT R R R T E AT A 4 AL A AR B R TR A B
B RE TR RR, WK IR BT MR, (E— R 8
ELEPXERTARAFERHLEN,
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VII. LI REREARENES 1S AT EF

BAMFEL R, PREREDAT WL RE RN FRNMERAS EHK
FUEBGRNER. REMEN THETHARRAN, MERMZHRZ LY, £
REVEZN 7. ALtk. Ry mEd, TEFEM EHERET — 23w, HXIEEN
FmiR 4k . £ iR B3 (Knowledge Graph, KG) LLF ALk iy 77 R AR % 2 P 4,
ZH. A, MR, 26 ERaR R ENZ AN LIRA, Rl A TE A
BEREWHT T E, LERERAZTIEFR T LR RAEE, B iR ERE
WWERFB . FRMZEE THWAL R, WHOER TEREUEHNIT X
(BER&m iR ) #A B REAUE AT E e IR Z AR R, WA R E
wEY., FRREMITFXHAM.
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AAWA: Advanced Autonomous Waterborne Applications
Initiative

ABS: American Bureau of Shipping

AEGIS: Advanced efficient and green intermodal systems-
Towards the next generation of sustainable waterborne
transport systems

Al: Atrtificial Intelligence

AiP: Approval in Principle

AIS: Automatic Identification System

ANS: Autonomous Navigation System

AR: Augmented Reality

ARNTP: Autonomous and Remote Navigation Trial Project
ARPA: Automatic Radar Plotting Aid

AUTOSEA: Sensor Fusion and Collision Avoidance for
Autonomous Surface Vehicles

AUTOSHIP: Autonomous Shipping Initiative for European
Waters

AUV: Autonomous Underwater Vehicle

BV: Bureau Veritas

CBM: Condition Based Maintenance

CCNR: Central Commission for the Navigation of the
Rhine

CCS: China Classification Society

ClassNK: Nippon Kaiji Kyokai

COLREG: International Regulations for Preventing
Collisions

CONOPS: Concept of Operations

CSSC: China State Shipbuilding Corporation

DFFAS: Designing the Future of Full Autonomous Ship
DFFAS+: Designing the Future of Fully Autonomous Ships
Plus

DMA: Danish Maritime Authority

DNV: Det Norske Veritas

DoA: Degree of Autonomy

DSME: Daewoo Shipbuilding&Marine Engineering
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DTU: Technical University of Denmark

EC: European Commission

ECDIS: Electronic Chart Display and Information System
EMSA: European Maritime Safety Agency

ESA: European Space Agency

ETN-AUTOBarge: European training and research network
on Autonomous Barges for Smart Inland Shipping
ETN-SAS: European Training Network for Safer
Autonomous Systems

EU: European Union

EUSPA: European Union Agency for the Space
Programme

FAL: Facilitation Committee

FAMRT: Federal Agency for Maritime and River Transport
FMEA: Failure Mode and Effect Analysis

FOC: Fleet Operation Center

FSA: Formal Safety Assessment

FTA: Fault Tree Analysis

GBS: Goal-based Standards

GMDSS: Global Maritime Distress and Safety System
GMP: Global Maritime Professional

GNSS: Global Navigation Satellite System

GPS: Global Positioning System

Grain Code: International Code for the Safe Carriage of
Grain in Bulk

HAZID: Hazard Identification

HAZOP: Hazard and Operability Study

HHI: Hyundai Heavy Industries

HiNAS: Hyundai Intelligent Navigation Assistant System
HVAC: Heating, Ventilation and Air Conditioning

IAMU: International Association of Maritime Universities
IBC Code: The International Code for the Construction and
Equipment of Ships carrying Dangerous Chemicals in Bulk
IGC Code: The International Code of the Construction and
Equipment of Ships Carrying Liquefied Gases in Bulk
IMO: International Maritime Organization

IMSBC: International Maritime Solid Bulk Cargoes Code
10T: Internet of Things
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ISM Code: The International Management Code for the
Safe Operation of Ships and for Pollution Prevention

ISO: International Organization for Standardization

JMS: Japan Marine Science Inc.

JWG: Joint Working Group

K LINE: Kawasaki Kinkai Kisen

KASS: Korea Autonomous Surface Ship Project

KET: Key Enabling Technologies

KG: Knowledge Graph

KIMST: Korea Institute of Marine Science & Technology
Promotion

KR: Korean Register

LEG: Legal Committee

LiDAR: Light Detection and Ranging

LR: Lloyd’s Register

MARINA: Maritime LAseR for collislon avoidance in high
speed shippiNg and vessel traffic mAnagement
MARINET

MARINTEK: Norwegian Marine Technology Research
Institute

MAROFF: Innovation Programme for Maritime Activities
and Offshore Operations

MARPOL: International Convention For The Prevention of
Pollution From Ships

MASRWG: UK Maritime Autonomous Systems
Regulatory Working Group

MASS: Maritime Autonomous Surface Ships

MEGURI 2040: Nippon Foundation MEGURI2040 Fully
Autonomous Ship Program

MHI: Mitsubishi Heavy Industries

MLC: Maritime Labour Convention

MSC: Maritime Safety Committee

MUNIN: Maritime Unmanned Navigation through
Intelligence in Networks

N/A: Not applicable

NFAS: Norwegian Forum for Autonomous Ships

NMT: Netherlands Maritime Technology Foundation
NOVIMAR: NOVel Inland water transport and MARitime
transport concepts

NTNU: Norwegian University of Science and Technology
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NYK: Nippon Yusen Kabushiki Kaisha

One Sea: Autonomous maritime ecosystem

PCTC: Pure Car and Truck Carrier

PNT: Position, Navigation and Timing

PREParE SHIPS: PREdicted Positioning based on Europe
global navigation satellite system for SHIPS

RBAT: Risk Based Assessment Tool

RCC: Remote Control Centre

RINA: Registro Italiano Navale

ROC: Remote Operations Centre

RO-RO: Roll-On/Roll-Off

ROV: Remotely Operated Vehicle

RS: Russian Maritime Register of Shipping

RSE: Regulatory Scoping Exercise

SAE: Society of Automotive Engineers

SAFEMASS: Study of the Risks and Regulatory Issues of
Specific Cases of MASS

SCC: Shore Control Centre

SDARI: Shanghai Merchant Ship Design & Research
Institute

SHI: Samsung Heavy Industries

SMASH: Smart Shipping Programme

SOLAS: International Convention for Safety of Life at Sea
STCW: International Convention on Standards of Training,
Certification, and Watchkeeping for Seafarers

Tekes: Finnish Funding Agency for Technology and
Innovation

TRL: Technology Readiness Level

UNCLOS: United Nations Convention on the Law of the
Sea

USV: Unmanned Surface Vehicle

UUV: Unmanned Underwater Vehicle

VHF: Very high frequency

VLOC: Very Large Ore Carrier

WMU: World Maritime University
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i 3% A

ETERBRREI R TOER

B AR A 3 & T & F K

B R RIEATE R
W&IZ 5% IMO IMO IMO IMO
DoAl | DoA2 | DoA3 | DoA4
AT
Navigation
AlIS N/A N/A N/A N/A
GPS N/A N/A N/A N/A
AT # ¥ 10 F L VDR N/A N/A N/A N/A
&, 4% i ECDIS J J J J
RS N J J J
B2 5 J J N N
HE F & N/A N/A N/A N/A
Pt 18 18 3 L N/A N/A N/A N/A
MFE N/A N/A N/A N/A
AR N/A N/A N/A N/A
TR EMATERREZR S J J J J
El 3 8 X J J J J
#
Communication
T % BN AR LAT N/A N/A N/A N/A
M 18 VHF N/A N/A N/A N/A
&k A4 (SART) N/A N/A N/A N/A
HEs J}ﬁ DSC N/A N/A N/A N/A
FEMA A EE N/A N/A N/A N/A
T3l C 3h N/A N/A N/A N/A
T i FBB ik N/A N/A N/A N/A
K E e iE N/A N/A N/A N/A
NAVTEX # Yl J J J J
AEEEMN J J J J
AR AL AR
Deck Machinery
%m il N/A J J J
2RI N/A J J J
%@“ il N/A J J J
HE B T FE AL N/A J J J
ESALNE- AR N/A J J J
KA T N/A J J J
W ALEN R S N/A J J J
MR R % N/A J J J
%%kﬂ?% N/A J J J
PR TSR A N/A J J J
A N/A J J J
BB R A N/A N/A X X

Vg VTR R M R SR e
N/A-ASE T, 4ERFBIIR .
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2R AR ARIZATHE R
&I 7 5 IMO IMO IMO IMO
DoAl | DoA2 | DoA3 | DoA4
A EE (ETA) N/A J J J
JR I8 AR N/A J J J
B At R AKCHE i 2 R E il X B ODME N/A J J J
BT - 3
Marine Engineering
F AL J J J J
FIHRBEEE J J J J
o Ja] A R A J J J J
Bk, R R AL A J J J J
RATAE — LW
Marine Engineering
HRE., iR, BRITES
BmmESRKIZ % J J J J
R J J J J
Mm% 2 % J J J J
oh % 48 08 E VR A 4 J J J J
wi A EEN RS J J J J
SEMASL J J J J
AHK RS J J J J
EHZARRE J J J J
= JE AL J J J J
¥ KA N J J J
Wk 36k 20~ e AL J J J J
TE T 4 T AL J J J J
MAILEHE RS J J J J
HVAC # -l A N/A N/A X X
HVAC # %i-Bl % N/A N/A X X
KEABEE N/A N/A X X
HMATE N/A N/A N/A N/A
HAE A J J J J
MAETT KT, B HE. RE. MAK KKFE. # J J J J
. R 2k E
AL A Ak A4 il N/A N/A N/A N/A
LA B AR I J J J J
MmITE N/A N/A N/A N/A
Pk, EA, BATH N/A N/A N/A N/A
Iy 75 3 A N/A N/A N/A N/A
R J J J J
WX J J J J
BT v v X X
R & N/A N/A X X
M EEA-BERN N/A N/A N/A N/A
M= EM-TAE N/A N/A N/A N/A
it = E -1 & N/A N/A N/A N/A
BIAL B B 1% & J J J J
BB R 4 J J J J
R 2R AL J J J J
WK v R J J J J
E AR J J J J
BAREH J J J J
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2 REAE AR IEAT K
REIR G IMO IMO IMO IMO
DoA 1 DoA 2 DoA 3 DoA 4
B & J N N J
H ¥ K £ 5t J N X X
H R A& Gt J N X X
Fire Safety, Life Saving and Pollution Prevention
EEEARERE J J X X
BN J N X X
MR AR G J J J N
T K B A J J N J
ERARS J J J N
EHRALERE J N J N
M ARG J N J N
P A FE R KRG J N J N
HEXAKFERKAES J N N N
—EMHERKKAGR N N N J
A N/A N/A X X
S B A N/A N/A N/A N/A
S N/A N/A N/A N/A
ByEAHENIRE
Electronic, Electrical and Control System
EXEMN, HEREAN, WAKEN, FEH J J N N
FHER., NMARER. 228 N/A N/A N/A N/A
RS N/A N/A N/A N/A
BARE (B, EHE. FRE. REE.
XEE. BAAL. FEEE NIA | NIA | Nia | NIA
AR ¥ J N J N
BB EERAS J N J N
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fif 3% B

AT STCW HgE & K 8y A /& Gt o 6k AT

Competence Levels of A AREITER
i 1F responsibility | 16 poA1 | IMODOA2 | IMODOA3 | IMO DoA 4
FHEFR
Functions
BREE 1. fiAT
Human-on-
FIT ALK T DD &3 4 Human-on- Board Human-in- Human-in-
X 3 Board Hurman.i ROC ROC
uman-in-
ROC
System
R e DD €#% | Human-on- &
AR A DD # 1% Board Human-on- System(® System
Board
System
MEFE | DD EHEE Human-on- &
BR £ DD # 1% Board Human-on- System(® System
Board
System
_— System Hum(;:]—on— System@® System
FIL TN DD & 25 & Board or or -
DD # % Human-on- o Human-in- Human-in-
Board . ROC ROC
Human-in-
ROC
System
s System Humg;—on— System@® System
EcDIs 247 | DR EEA & Board or or
DD #1E% Human-on- Human-in- Human-in-
Board or ROC ROC
Human-in-
ROC
System
s System Humg;—on— System@® System
AT E I DD &% % & Board or or -
DD #1E% Human-on- Human-in- Human-in-
Board ’ or ROC ROC
uman-in-
ROC
Hidh R 5 A System Syfgtcem System@® System
Ak | PP %:EE% & Human-on- & &
w DD #1E% Human-on- Board Human-in- Human-in-
Board & ROC ROC

! y%: DD-Deck Department; ED-Engine Department; ETO-Electro-Technical Officer; ETR-
Electro-Technical Rating; ROC-Remote Operation Center; TPC-Third party contractors.
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T Lk AR T AR R
Sl re;?rsslisb(i)lfit & B AR A IS AT R
E1E jgfi%i%ﬂ Y| IMODoA1 | IMODoA2 | IMODOA3 | IMO DoA 4
L
Human-in-
ROC
System
ey
gg ?gé System Hum(;:]-on- System(® System
B AB or Board or or
i DD % %% Human-on- or Human-in- Human-in-
Board . ROC ROC
oS Human-in-
ROC
Human-on-
& RIR DD 4 (£ 4 Human-on- B‘Erd Human-in- Human-in-
i ® Board . ROC ROC
Human-in-
ROC
System
or
e A s System Human-on- System(@® System
THY Fo g DD &% % & Board or or
\ DD #1E4% Human-on- Human-in- Human-in-
E A3 fE or
Board . ROC ROC
Human-in-
ROC
System System(®) System
& or or
JFNN Human-on- Human-in- Human-in-
EHHE. % p Human-on-
A DD X #% Board Board ROC ROC
or or or
Human-in- Human-of- Human-of-
ROC TPC TPC
Hugnoa;—don— System®) System
R o Human-on- or or
AR 2 Mk 4
RS DD # 2% Board Humoarn—in— Human-in- Human-in-
ROC ROC ROC
Al | DD #IEL Human-on-
A TR DD X #% Hug an-don— Board System®) System
LB 0S oar
Hulgnoa;-don- System®) System
N DD & ¥ % Human-on- or or
# FF0 8 or
DD #1E%& Board . Human-in- Human-in-
Human-in- ROC ROC
ROC
DD & # % Hulgnoa;-don- System®) System
WA R R DD # 1% Human-on- or or or
~ DD X # % Board HUMan-in- Human-in- Human-in-
(ON] ROC ROC
ROC
Functions
BREE 1 fedp EE AR
U 3 DD %32 % System System System@) System
#W#&. 2 | DDHBEZ & & & &
’ ﬁ;‘%?’ i DD % % /% Human-on- Human-on- Human-of- Human-of-
) T Board Board TPC TPC
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R TR
o re;?rsslisb(i)lfit & BB AR AR IE AT A S
E1E P Y| IMODoA1 | IMODoA2 | IMODOA3 | IMO DoA 4
7 % A
R g Fa &
itk Human-of-
TPC
BE. s Syzem
H PR Human-on- System®) System
. oz DD & # % Human-on- Board & &
FoE#HAME | DD #IEX Board 2 Human-of- Human-of-
SR L
o ﬁgﬁgﬁ g Human-of- TPC TPC
TPC
System
System Humi%-on- System@) System
fole 342 DD & # % & Board & &
Loy S Human-on- & Human-of- Human-of-
Board TPC TPC
Human-of-
TPC
Functions
BRee ll: T&EEfE
%j )ﬂ%(.; I\ZID;S System System System(®) System
N R /}E 1 = 4 & & or or
& & W Afa DD # fF 2 Human-on- Human-on- Human-in- Human-in-
BEUiER Board Board ROC ROC
£ A System System System(®) System
AR o & & or or
SHE 4 2 (e 4
Tﬁgg&;ﬁ’i DD # 1 7% Human-on- Human-on- Human-in- Human-in-
Board Board ROC ROC
Functions
HEE IV: AEfRrE E B fn A R B
System
5 1k
\H%'J_UL x DD %& # % System & System® System
. R g hoi Human-on-
%, p# | CDEEA & Board & &
“EE E’]zﬁ DD #1E%& Human-on- 2 Human-in- Human-in-
AL A B 3 gy
1 ED #1EX Board Human-in- ROC ROC
ROC
System
&
s 76 4
Ui o | [E)g ’—“2 % ;5522 Syf;em HUMan-on- SyfgtLem Syfgiem
Xﬁﬁ%%* DD #1E%& Human-on- B‘Erd Human-in- Human-in-
ED #E% Board Human-in- ROC ROC
ROC
DD # /£ 4% Syfgiem SyfgtLem Syfgiem
VN ED &1 System Human-on- Human-in- Human-in-
HARE TR | ED#MEX & Board ROC ROC
FYRER ETO Human-on- 2 P &
DD X #% Board H . H ; H ;
ED % #4% uman-in- uman-of- uman-of-
ROC TPC TPC
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T Lk AR T AR R
Sl re;_e(;/rfslisb(i)lfit & B AR A IS AT R
E1E *’Epﬁ:%&%ﬂ Y| IMODoA1 | IMODoA2 | IMODOA3 | IMO DoA 4
L
System SystemiIXz) System
@)
& & &
FAR 1% % fa Human-on- . Human-in-
WMB A | DD kg | Human-on- Board Human-in- ROC
M Board ROC
Bk & 2 &
Human-in- Human-of- Human-of-
ROC TPC TPC
Human-on- Human-in- Human-in-
Human-on- Board ROC ROC
YR E ED X &% & & &
Board .
Human-in- Human-of- Human-of-
ROC TPC TPC
Human-on- Human-in- Human-in-
X 4
AR | 2D i%f Board ROC ROC
i aze | ED X | Human-on-
f«%;}mﬁi@\ ED j{%é& Board & & &
% % ETR Human-in- Human-of- Human-of-
ROC TPC TPC
System System(5) System
o & & &
DD #1E% . )
B A ED 1 (%% Human-on- Hugoa;don Huggrém Hug]grém
By 22 A ED # 1% Board 2 2 Py
ETO Human-in- Human-of- Human-of-
ROC TPC TPC
PR AR AR System System(5) System
AR B AR R R & & &
bz A -on- _in- sine
MZe, K| by | Humanon. | Human-on Human-in Human-in
TR ED %@ Board Board ROC ROC
A 5 & & &
ZERGH Human-in- Human-of- Human-of-
TERES ROC TPC TPC
System System® System
= & & &
2 (e 4
BTk, DD %T/ﬁﬂ Human-on- Human-in- Human-in-
. o~ ED #1E% Human-on-
1 K R A S s Board ROC ROC
ED #1EX Board
KK ETO & & &
Human-in- Human-of- Human-of-
ROC TPC TPC
System System(6) System
DD #1E% & & &
o peep on | EDBIER . Human-on- Human-in- Human-in-
W/ﬁgélx ED # £ %% H“g"oaa'} d°” Board ROC ROC
ETO & & &
DD X #% Human-in- Human-of- Human-of-
ROC TPC TPC
N 7
)3T 7 4 7 Syfgiem Systgm( ) Syf;‘em
R R Ry -on- . .
g%ﬁgg EB /—i}ié Hugwoa;don Human-on- Human-in- Human-in-
s B Board ROC ROC
~ R & & &




B AR AR AT B R
o re;_e:rsslisb(i)lfit & B AR A IS AT R
E1E *’Epﬁ:%&%ﬂ Y| IMODoA1 | IMODoA2 | IMODOA3 | IMO DoA 4
L
Human-in- Human-of- Human-of-
ROC TPC TPC
DD ## % . .
EHeefE | DD #1EX Human-on- 2 & &
P 2 e 4
FJ\;}]ZE% e Eg igié Board Human-in- Human-of- Human-of-
ETO ROC TPC TPC
DD €# % Human-on- Human-in- Human-in-
=
Ak I%ﬁ & Eg i;’:f’;;}(}; Human-on- B‘Erd Rgc Rgc
& ED #1E% Board Human-in- Human-of- Human-of-
ETO ROC TPC TPC
Functions
ek V: BALTA
s System System®@ System
SE
%ﬁﬁﬁﬁ ED &% Svsterm or or or
Wy | ED BIEXR y& Human-on- Human-in- Human-in-
oo | ED #ER Board ROC ROC
=, MEaeT Human-on-
R A ETO Board or _ or or
3 - ED X% Human-in- Human-of- Human-of-
ROC TPC TPC
. System System System(®) System
é?%g?ﬁ ED #1E% & or or or
- %’F ETO Human-on- Human-on- Human-in- Human-in-
Board Board ROC ROC
YR e R System System System(8) System
AP & or or or
S - #2574
?ﬁ%@i%iﬁﬁg ED £EZ Human-on- Human-on- Human-in- Human-in-
= Board Board ROC ROC
MRl R 5.
TR G
. p System System System(®) System
ERAER | ep ey &
fo A A 12 or or or
L\li{#ﬁ?ﬁ* ED X # % Human-on- Human-on- Human-in- Human-in-
2 G a; Board Board ROC ROC
&
System System System(®) System
ED #1EX & or or or
AL 3 ED X # % Human-on- Human-on- Human-in- Human-in-
Board Board ROC ROC
System System System System
BN 2R s & or or or
% ED X # Human-on- Human-on- Human-in- Human-in-
Board Board ROC ROC
System(8) System
System Humoarn in Hum(z)irn in
im R i o s Human-on- or o o
R (2 ED X# %% Board Human-on- Rg)rC R(()')rC
Board Human-of- Human-of-
TPC TPC
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. Levels of B R RIS AT R
i 1F responsibility | 15 poA1 | IMODOA2 | IMODOA3 | IMO DoA 4
7 % A
Human-in- Human-in-
DA 45 A O ED # 1% ROC ROC
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