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A Study on the Change of the Role of Deck Officer in
Maritime Autonomous Surface Ships(MASS) by Analysis of

Standards of Competence

Choi, Yoon Won

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University

Abstract

The recent technological developments have led to the emergence of
industries with new paradigms. Artificial intelligence has indeed made
eye-opening growth across all kinds of areas from chess, go, and art,
which used to be regarded as areas unique to human beings and are now
threatened by artificial intelligence, to manufacturing and
construction, which send robots to dangerous places that are
inaccessible by humans and have them perform duties instead of people. In
the industry of automobiles, which are one of the representative means of
transportation, a new company started to make cars equipped with an

electric drive instead of the old internal combustion engine, shaking up
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the industry and threatening leading global automakers. Autonomous
driving technologies, whose use has recently begun, are part of the hot
issues 1n the automobile industry. The gradual advancement of these

technologies will even change the concept of drivers.

Autonomous ships have also emerged as a hot issue in the shipping
industry. Allianz Global Corporate&Specialty(AGCS)(2012) published a
report, which records that 75~96% of marine accidents are caused by human
errors and cause damage of approximately 1.6 billion USD. In a report
issued by Allianz Risk Barometer(2017), the human factor ranked the
fifth place on the list of top risk factors in the marine field after
environmental factors(typhoons, floods, earthquakes, etc.). Given the
characteristics of marine accidents in the marine field, even a single
accident can cause huge economic and environmental damage. Led by
Europe, the world 1s putting spurs to develop the concepts and
technologies of e-navigation and autonomous surface ships to reduce
accidents. At the 98th Maritime Safety Committee(MSC) conference, the
International Maritime Organization(IMO) submitted a proposal to review
the current IMO regulations to establish new ones applicable to maritime
autonomous surface ships(MASS) and their international authorization and
safe navigation in addition to the definition of autonomous surface
ships, the autonomous level of ships, and the old requirements. The
committee chose them as part of its new tasks and decided to discuss them
at the 99th MSC conference under the support of the majority of its
member states(IMO, 2017). At the 99th MSC Conference held in May 2018, it
was decided to temporarily define autonomous ships to present the four
kind of level for Autonomous ship’ s grade to review various items and to

report the results to 100th MSC conference. (IMO, 2018)

Although there have been many discussions about the concept and
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technological development of autonomous surface ships, such jobs as
monitoring the navigation of ships, making reactions to emergency, and
doing maintenance will still be left to human beings despite the flow of
automation and unmanned equipments. Given the changing concepts of the
old navigation and sailors, this study compared and analyzed the
International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers, STCW) with other research reports and made
proposals for education for mates on board autonomous surface ships in

South Korea, which builds ships and exports crewmen.

The findings of the present study will provide some basic data to set
the criteria of education and training for those who will operate
autonomous surface ships. Follow-up education and training should be

verified according to the autonomy stages of ships.

KEY WORDS: Autonomous ship; Unmanned ship; STCW; Role of Deck Officer;

Standards of Competence.
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Base Scenario

Scenario description:
Fued price med,
Mew bailding: 110%
Main fuel type: HFO
Considers effects of
= Reduced crew
= |mproved ship efficiency

MUNIN compared to a conventional bulker
Expected present value over lifetime

Scenario Reduced Crew Only

Scenario description:
Fuel prce; med.
Mew building: 110%
Main Tuel typa. HFD
Considers effects of
* Reduced crew
MUNIN vs conventional bulker
Expected present value of savings over lifetime

Higher
newbilding 1
st

-34

=+10,5

ey cosl

Land based
SErHCes

—2.8

Additional

E-3.2
port call cost

RALIMIN

!H,]

50 425 00 25

v mUSD
50 7.5

Fig. 2 Comparison of Economical Efficiency of Autonomous Ship

Higher

newhuilding -1-3.4

st

Crevew cost —+10,5

Larid based .._2 8

eryicks "

Better tuel _.a

efficency '

y i T T v muUsD
: 25 00 25 50 75
o3 o o

Auto]l Felslrl W 1 Aute {4

Shore Control Centre)7} wrEo]z

HE=3% 2ok (MUNIN, 2015)
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SCColl+= Fig. 43 #Zo] 19 639 Auhg #Agst= +&#F (Operator) 59
I oul 2 19, FA 19, v U-§ A3 A7 71 3AE 2F 184
T 9HoE FAHo Utk

|‘Fessel| |Vesse|| |Vessel Uessell |Vessel ‘Vessel] |Vesse|[ |Vessell IVessel‘

1 2 3 1 2 3 1 2 3

|Vessel| |Vessal| |Vessel‘ [Vessell |Vessal IVBssei' IVessei |VesselI |Vesse|
4 5 6 4 5 B 4 5 6

Operator Operator Operator
|Vessel| |Vesse|| |Vessel Vessell |Vejis—s"g'|1 V@" I——] |’L—‘ l—‘
1 Z 3 1 l Ha Nl
|Vessel| |Vessel| IVesseI‘ ‘Vessel] |Vessell Wésmi’ l l | ‘ | l
4 5 6 4 5 5

O O O

Operator Operator Relief operator

I
1
Supervisor | . @ ;
— 2.2
I

- - Captain & Eogineer.!

Fig. 4 Shore Control Centre Organization
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=

o d, 8§84 A7 & A Ve =

248k (UMV: Unmanned Maritime Vehicles) 7} 2ol

MUNIN Project= A& 234
HAFQ 7o b <

IF= FAH-

0

O

g2
rlo
o

(2) AAWA Project

20159 F-H 2018d71A] XY= AHRE 7[EFi o] AHdte vhxF ZE
AMEZ Y= Rolls-Royse} Inmarsat, DNG-GL, DELTAMARIN, Tampere
University of Technology, FinFerries, ESL Shipping, Brighthous %] Ztojsle=
FAdMEr g zZ=2AE (AAWA:  Advanced Autonomous  Waterborne
Applications Initiative)e]t}. 20161 F<Q1de] gt AAH - ALE A - HAQL &
Aol g AES} 7IR7]&e] WE&S @2 197 (Phase 1) 235 x5

AL 20207HA) R4 =T AdRbel YA edE AT Aot

4

(3) Rolls-Royce

ZooA AALFTS APsta 20259 o] Foll = <AbeA A S, 2030
e dIFdslE d4edS AATE £ 2035dE E4FH o= Agegiuts
ZYsA it AES 7HA 2 UATh

ZEJAE EtAt F=Fo] B/ Cloud Machine Learning Engine-& ©]

3 A&eFAdnte] 3 T wE F de FHES BAGL AR F UEF
Az'ls AR dgelth =3 Z2E] 119, W23 Maersket dste =
F &t A o) A Tug Boat ‘Svitzer Hermod® &2 AlAl %2 YA ¢S A &3}

At

4 ok, AF

e

Be ZEFS 7M1 2L FAT 0 AP s

h s
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7] 913 A58 AZEYOE ztE X 5d 443212 (IA: Intelligent Awareness)
A 2"l e th (Rolls-Roys, 2018) 1A Al &8 Sunflower& ol A X2 <
Aoltt. Sunflowers = Mitsui O.K.K Lines (M.0.L)o] &g3st= 2] 165m 72
Aoz dE KobeollA Oitag thy& AMurolth. 33 5 Akashi Kaikyo, Bisan
Seto®} Kurushima StraitsE A|uUrk=dl o] X2 HAAZHOZ FddFo] wol

Y Fo2 A A2UE HAE}EE AR Faz FA

k

2

(4) Hronn

9= Automated Ship¥} = =9J|o] Kongsberg Maritime2 20173 01¥ A<FS
@By 20203 F-E Offshore A9, ROV (Remotely Operated Vehicle) % AUV
(Autonomous Underwater Vehicle) 9} 34, 34 S A9d 5 o&5F
AgeggAnts 83 AFolg. 20179 11€¥€  Offshore AJH]2 3 A1
BOURBON# MOUE 21 AAIHZ 4AAEFAA9e] AdAdrS whE7]
H2kE 7hskal o

(5) One Sea

AU e aHo] Adste ZAEC T AL AP TY &%
oF 80oi7  HAlEol FHost=dHl iEAQA dAlZ==  ABB, ERICSSON,
CARGOTEC, MEYER TURKU, Rolls-Royce, Tieto, WARTSILA, FinFerries,
DIMECC 50| 9tk One SeadlAE whedt 7]&7do] ofd 2p&-eatilule]
AElA (Eco System)S FE=3=A &2 o)t}

ABE o] HiE TAL

st 20233 71A] A&

= A8S 7HAA &Y A1 i, Aol Bk 55 st Adteta it

Collection @ kmou



(6) Yara Birkeland

Z9°] Kongsberge} =3}ddA|2l YARA Internationale] &= sle] AAH
2 A71FR AEFgAAs dxg Algelth. 120TEUE S HEloly Aduks
Azxste] e HIE T& 55t AXF of 49t EY S diAgT o|E
23 NOxeo} Co2wiEds HAaA7Ia Axve A4 vl 3ui7td BIAA]
T AR FE&HIE 0% AAT ¢ dS AoE Rt =3 e A -

Fal= FHQA H AHE o] &3] AFoE FdPxu ¥R Ballast Tanks X

&3 Ballast &S }74]% Oﬂxéolljr.

P 7EA] S Bl AH S AAEH] 20199 71A] AAA o=
=]

(7) ReVolt

DNV-GL X33 =290 #8t7]&thet (NINU: Norwegian University of
Science and Technology)dl A F&st= ZZ2AER Z7]F7172] © 2 Ballast {1
o] EFE F JEF AU oF 100 TEUT ZAHoU A¥o s HAxE+=
b 7|E &9 yAadxe vk Hof 85% OﬂLﬂXl &4dol Sl= ¥HA, Revolt
Adbe oAl &40l 40%E ulg e Zo® FAHAG FxE A RET

£ H23AA %Zl HdYrlE Sl T3tz [l 74

(8) ROMAS Project

ROMAS (Remote Operation of Machinery and Automation Systems)= A4}

_'IO_
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ECR (Engine Control Room)& 47 ECC (Engine Control Centre)® ©]%A]7]+=
AS FXEZ 3o 20179 FEH 20199714 JdE 3 F2 FUFG A= DNV-GL,
Fjordl, HOGLUND Marine Automation AS, Norwegian Maritime Authority &©]
. (DNV-GL, 2017)

(99 AUTOSEA Project

LG T2 Ade 7] sl 4F Ao F& A4 Al=H A
He BEE sa Yok A7rIzhe 2015904 20199742 F8 Fo] YA

@ K
¥

L, Kongsberg s°] 1. (NTNU, 2017)

2.1.2 w|=

FHAME FH8o= AHEstr] fs 3 A7 JPFFolgd m=S
TAFES 2 WA WH-ES sk dth DARPA|A 20161 d USV F21 #3F ‘A&
E] (Sea Hunter)’ AW & ¥ttt dizxrst d4& =4 (ACTUV:
Anti-Submarine Warfare Continuous Trail Unmanned Vessel) ¥F& 7% Ald
He w43 14089 Adto =z Q325 (Al Artificial Intelligence)o] &A= o
228 FIE st 3 W HA RLEXE sl dFE TS + Ak
ol Q3] 7|E TEFE TP F 9 SF 707HUSDE] H|-go] AT Al
dH+= 15,000~20,000USDS] HI&O0 &2 FU3 AF F3ho] rhsaith 2d%F o
g A% H2EE rpx]a 2018d 01€ #&lA7% (ONR: Office of Naval
Research)©. & <l &%, 7jwto] X Ht},

213 48

B Ao s AF2] NYK (Nippon Yusen KK)&E 2423 Aoy Axrs o
23 Bu) Ao 20199 AR &3 Aotk o] AdMboll= HIAFALE ol tinl st
o] 13l Aol F5& oAHo|ty. NYK:= Furuno Electircz JRC (Japan Radio
Corp.), Tokyo Keiki 52| A<} &3t FEFAZA M-S WY Folt).

_'I'I_
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A3F olegTdyd AL&2YSH

3.1 A&A AeFySF

AWHOE MY A HEY & U IBFROE A5AE FE 5 vk
17 g AREE Mg 94 52 59 S8 T Agol Hi

el
=
o] 5ol o,
L
| .

HITNA ok Ztgg WA YA Ak AEFHE AL LYPHFE A
2 it 20417 28E FEI Ve, i FolA 2RAHQA F£F A7 A
FE ot 19909 AFE L s wxoz HAHL A7t I A
2t AHsate] AEFHE e e Ged FHED oy AAY FA,
Aol g 37, s A, A 432 B FE WA, AF A 59 71 e
sttt =204 A= AA mFAFLY 90% oldol A FFoel o

Aotk (ERuEEd, 2017 AEFPA2qS o] &ste] A Qo

ST
o LEAL B¢ 22U & J& Zo sjuE,
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1R LR

Fig. 5 Violation of Traffic Accident Regulation in 2016

A&FP A2 GAANAE 71E 8 A=A Benz, BMW, Audi 5| ofd
Google, Uber, Tesla, Nvida, Apple S©o] 433 A= Holw AHAsta .

v =2 w59k (NHTSA: National Highway Traffic Safety Administration)
o= nF2E2t714 3 3] (SAE: Society of Automotive Engineers)] #8338
AE2ke] T3S Fig 69 2] 69AZ Yep i ok (NHTSA, 2017)

SOCIETY OF AUTOKOTIVE EMG:NEERS (SAE) AUTOMAT:ON LEVELS

- — e —— —— —r——— Full fulanalion

Driver Partial Conditional
Automation Asslstance Automation Automation Automation Automation

Zero autonomy; the i o od by Vahicle has combinad Driveris a necessity, but [l The vahicla is capable of ll The vahicle is capable of
driver parforms all o automated funciiana, ia not required to manitor perfarming all driving parforming all driving
driving rasks vin ' like anceleration and the environment. The funetions undar certain functions under all
may be includad in the steering, hut the driver driver must ba raady to. conditions_Tha driver jons_ The driver
wehicla design must remain engaged raka contrel of tha may hawve the aption ta may have the aption 1o
with tha driving 1ask and wehicla at all imes caontral the vahicle coniral the vehicle.

maonitor tha envirannent with notice.
at all times

Fig. 6 Society of Automotive Engineers Automation Levels
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NHTSA®] @2d 20254 HEel= ARGl 2] 71ed A54E 2 &

As AR oAsta Ut

32 A= Ae2YTH

A% Bope] ALFYS WA FPT FFolth 15399 A% HAelA Ak
3095 Aol ol FolA gtk @Al Be Frbl ARFYLAI} HFH o] 9

o A&EFPsu AAUFaEsHES (UITP: International Association of
Public Transport)oll A4 Fig. 73 7o) 47§19 3o 2 A 9t} UITP 2
Ao WEH HAA A& Gy AR =Tt 252 gigila, A7HE OF
3 UAE 4718 =7hell oA &= vk ot olF thkrl=(15%)2 7
7HE(16%) olo] 2915 ZIFsta glon, EAE V|5 BAG)I A&7
o] 1091 el 715 st ot (UITP, 2016)

. Type of Setting . Operatiol
Grade of "YP > ; 5 Stopping Door .Othtl'n,
, train train T in event of
Automation i ; : train closure e o
operation In motion disruption
|| ATP* with . ; . ;
GoAl %’ = Driver Driver Driver Driver
L 9 driver
’ ATP and
GoA2 % ATO* Automatic | Automatic Driver Driver
with driver
; » : Train Train
GoA3 Driverless | Automatic | Automatic
attendant attendant
GoA4 \ uto Automatic | Automatic | Automatic | Autematic

Fig. 7 UITP Grade of Automation 4 in standard IEC62267
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Fig. 9 Top 10 Cities with Fully Automated Metro
Lines(km in operation per city)
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d =ol7h AR AL o= Aute] e Pt A
o7t AAAAA @1 7 AR SolA ofeet e ulZ LS ST

() IMO : FRolA £33 ke oo, Age gl eass ¢
A ALeT N2E REH AFALYE TB] Fo

(2) Waterborne TP: &4 Au¥b23r #EAe] #E - 75, AA|E dtx] &1

.
=Yoo £35E AulE Hu

T 1

(3) The Royal Institution of Naval Architects: dsjet BHE FF9 Az A
oj7} AEstE Al 2=H

(4) American Bureau of Shipping: tThFer AA 2 Au|E3} 253 FHAH,

142, 718t Bz ZAES 253 FH A dAs el Jd3 o

shA| Rk 20181 05€ 7HE" IMO MSC 99%F 3]e

o) A
ABssEAA Agel A Yol SPHow 249 &

L

Els A 3 =
F4H9 Ao WIn A% 5§ 2 RES +U] A% AAAAS
=3t

3.3.1 Ff - 91 A

F=2] Loyd A5 (LR: Lloyd’ s Registen)ollAl= A&~&3Fsa(AL: Autonomous Level)<
672 UFATE (LR, 2016) 20173 A2 FRIs) Aule] F=5 opylspiA 71E29] 55
ARG 19| Soid & T7HY] FRIskdnt GAIE off Table 29} #o| Uixs|it (IR 2017)

_18_

Collection @ kmou



Table 2 Autonomy Levels (by Lloyd’ s Register)

Autonomy level Description

No autonomous function. All action and decision-making
performed manually (n.b. systems may have level of

ALO | Manual ] } )
autonomy, with Human in/ on the loop.), i.e. human controls

all actions.

. All actions taken by human Operator, but decision support tool
On-board Decision ‘ ‘
ALl can present options or otherwise influence the actions chosen.

Support
bp Data is provided by systems on board.

All actions taken by human Operator, but decision support tool
On&Off-board o pere SHPP
AL2 can present options or otherwise influence the actions chosen.

Decision Support
PP Data may be provided by systems on or off-board.

‘Active’ Human | Decisions and actions are performed with human supervision.

AL3
in the loop Data may be provided by systems on or off-board.
Decisions and actions are performed autonomously with human
AL Human on the loop, | supervision. High impact decisions are implemented in a way

Operator/Supervisory | to give human Operators the opportunity to-intercede and

over-ride.
Rarely supervised operation where decisions are entirely made

ALS5 | Fully autonomous \
and actioned by the system.

Unsupervised operation where decisions are entirely made and

AL6 | Fully autonomous

actioned by the system during the mission.

LRl Al o]op7|q 7TEAS] TH< 7ZIRte=E dwia 3jARY (DMA: Danish
Maritime Authority)dl A= A-&&Addte] #A$ A7 &9 HASATH
(Ramboll & CORE Advokatfirma, 2017) = A3} LRoIA o]opr|gk TA oA 4
Az oA AYE st
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Table 3 Autonomy levels in a regulatory context

Autonomy level

Operator’ s role

M : Manual navigation with
automated processes and

decisioin support

The operator (master) is on board controlling the ship
which is manned as per current manning standards.
Subject to sufficient technical support options and
warning systems, the bridge may at times be
unmanned with an officer on standby ready to take

control and assume the navigational watch.

R : Remote-controlled vessel

with crew on board

The vessel is controlled and operated from shore or
from another vessel, but a person trained for
navigational watch and manoeuvring of the ship will
be on board on standby ready to receive control and
assume the navigational watch, in which case the

autonomy level shifts to level M.

RU : Remote-controlled

vessel without crew on board

The vessel is controlled from shore or from another

vessel and does not have any crew on board.

A . Autonomous vessl

The operating system of the vessel calculates
consequences-and risks. The system is able to make
decisions and determine actions by itself. The operator
on shore is only involved in decisions, if the system
fails or prompts for human intervention, in which case
the autonomy level will shift to level R or RU,

depending on whether there is crew on board or not.

994 (EDA: European Defence Agency)9] F-<Q13[AFAl 2~k

|

o
et
o

_(1),]

d

-

%l

I W3+ (SARUMS: Safety and Regulations for Unmanned Maritime Systems)ol]
A& Fig. 10 2o 6712 AF3l dute) 53& 7R (SARUMS, 2016)
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OMN BOARD

OPERATOR :
(Function)

5. Autonomous

4. Monitored C_

* -
r*"' g
1
3. Delegated \
=
2. Directed 'n.
il ~=
1. Operated C
k F

T

0. Human on board

Fig. 10 SARUMS method of control

20123 56 20153714 FE 193] (EC: European Commission)ol A FFEHE
£ 23 Fraunhofer, Marinetek, UCC 59| #A&¢] #o{gk MUNIN Project”}
EUAIA 2=t A7 27 7142 7|& MdutEth 3e JIEE Bon
AV Gl el Al 787 o] HA L 1ol wel FAeA Aduks 3 9 2t
AeteE SABAAIE (SCC: Shore Control Centre)7} FFHEojz #AE|d Ao =
B3 Fig. 113 2 S5%E AR, (MUNIN, n.d)
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Radar o =
Manned Ship \E,fi’f. o1

Action

Radar
ECDIS
Visual

Remote Ship
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Automated Ship ECDIS

Visual
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=
(3]
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=
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Radar
. ECDIS
Autonomous Ship  visual

Action

Symbiosis

Fig. 11 The Autonomous Ship, as it is understood in the MUNIN project, is a
symbiosis of the Remote Ship and the Automatic Ship

3=+ A (KR: Korean Register) oA+ SARUMS®| S5 FE<& i3t
A3l datel tigk 55S Fig. 123 2ol 57FAZ Aeldl Edth (Hlo =
o], 2018)
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STEP 1 STEP 2

H¥ So|aaet
Hoi

S Hol
AW argels

A| 2 A EO|A|

Al aERla Al2H 1o

A2 oiAl
R UR Al xjoi
A AW AEolal Al Hiof
Human Human
Delegated Monitored

EY

20184 05% AHH MO MSC 995 3 eJel A A-&eaAlet WAS 497 A
AR FHSAY. 24 WAL Age] Av 98 o @ 4 R e TR
StATE (MO, 2018) IMOOIA =25 T Table 49 S5 722 ASE
gaute] SFAAL 4L RO aET
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Table 4 Degrees of Autonomy (by IMO)

Degree

Description

Ship with Automated
processes and
decision support
(AEstd ZEZA 2
2 oA B A9

Seafarers are on board to operate and control shipboard
systems and fuctions. Some operations may be automated.

(gle] FAste] A 29 D Aol YR AFH £%)

Remotely controlled
ship with seafarers
on board
(AdHtol] o] sAdskar

AZ0 Aojs M

The ship is controlled and operated from another location,
but seafarers are on board.
(& Aaol A Adute] Ao 2 AR Ao &3

Remotely controlled
ship without seafarers

on board There are no seafarers on board.
(o] 2glo] SR | (ChE ol A Adutol Ao B ¢ 95w Melo] gaatA %)
&1 A0 E Ap=f= 4D

The ship is controlled and operated from another location.

Fully autonomous ship
(- 2A&&3 A

The operating system of the ship is able to make decision
and determine actions by itself.

(222 ok AHS Wl Mot 292 3 e 29 AAD

o Ay
t Holth =@ o}
t Algel BaF Ao
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Table 5 Proposal of Autonomous Ship’ s Grade

Autonomous .
Grade Name Description
Level
e et AA Ak &3 AA
ALO MAS e , ! s A
(MAnual Ship) (20~3074 /%)
AA - Ak S 944 3 ¥
ALl RES = , TeE
(REmote Ship) HAa AY A
AL MOS A7 Ak a7 S8
A Z:l A _‘_,___6
(MOnitoring Ship) e °
A& At
AL3 AUS e A 9A AL ¢&
(AUtonomous Ship)

ALO, MAnual Ship (MAS) ©Al= A v} AAZ Ao 43t BE
T2 2gsts Auke w3
AL1, REmote Ship (RES) ©Al= {4 oA 40

AR Aol = Aol sdste] JFE Adstes e 23

fru
e
=
flo
N
2
ol
o
H
Mo
oot
o

AL2, MOnitoring Ship (MOS) ©Al= SolA €4 =& A

Mg 93 s bl Atle] glo] ATE At 4

AL3, AUtonomous Ship (AUS) ©@AlE Auto] b #3817} 285 o] Auto
%,

A8 de AY glo] Al T3 222 23S 3 dad A9 SAA
Mds It

Table 5 A|FS 7|Hro = o=+ AW AF7F F7o s AH=H=AE
ot Fig. 137 o] aygoz yehy REokth Fig 138 50)AE-S 1831A
B BAER AEE 1HASs o AWolA dAsE 4T AgE v &

ZARJ7ME vErl L o
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Autonomous Grade Decision Ship Cargo

Level making operation Management Maintenance
MAnual
ALO Operation Craw
Ship

Crew

REmote 3
AL1 Operation | SCC @ >
Ship ¥ o il 20 o
MOnitored A [y = "‘
AL2 Operation | System & | System SEE < g e @
fpin s s g see LT

AUtonomous

el AL fiiisi] | foasiis]
AL3 Operation | System g System ﬂE System gE System §E
Ship T e T e

Fig. 13 Role of the Ship by Autonomous Ship’ s Grade

eyl A A AFsta s AESLFAAY] HAFTEAE 489 Ao
sAsts Aoz A4t AT o FP e Adolgs A4S A HE 7
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Table 7 STCW Part A Section A-II/2(Management Level)
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Table 8 STCW Part A Section A-II/4(Rating forming part of a navigational watch

Support Level)
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Table 9 STCW Part A Section A-II/5(Rating as able seafarer deck Support Level)
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42 A&l dad FA Al dF EH
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How will levels of autonomy affect future roles?

Stepd

Stop 7 ALS6 — Fully autonomous ship that has no

Future viorkforce need for any human intervention

Step 6 2030 - 2040 ALS5 - Fully autonomous ship.
There is a means of human control

Present /-Futureworkforce

Step5 2025 - 2030 AL4 - Human-on-the-loop. Ship operates

Present / Future viorkforce
autonomously with human supervision

Present/Future workforce Step & 2020 - 2025 AL3— Active human-in-the-loop. Semi-
) autonomous ship. Crew can intervene
Step 3 AL2 — off-ship decision support. Shore menitoring

Present workforce

AL1 - on-ship decision support. Data will be available to crew

Technological rate of change

Past viorkforce Sep?
Future workfarce training timeline
| step't ALO — no autonomous functions. All operations are manual verses Lloyds Register of Autonomy

Time

Fig. 14 How will levels of autonomy affect future roles?
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Table 10 Navigation of mandatory minimum requirements for certification of

master and officers on ships of 500 gross tonnage or more by STCW
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Table 11 Cargo Management of mandatory minimum requirements for certification

of master and officers on ships of 500 gross tonnage or more by STCW
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Table 12 Ship Management of mandatory minimum requirements for certification of

master and officers on ships of 500 gross tonnage or more by STCW

3
Jor
e

e k) STCW Section A-TI/1, 2

(23 A meFHA Hg

17 | M1 | o=
AFE | ey el om Azl pa 245 B

&) edPA 2o 25 #n
(&%) WY FAAGe) 255 2

(Fe) AgAEIAH AR ARTE AT HH 209 Xl &

f
>

18 M2 | =AEF

(£3) A W3, sAAe) @ 23
(@e) e, $TAT o1A9) ek uot mW AE, &8 2 JE

19 M3 | 743}

(Fe)) st EgA0A RS Nda N3dge HAF

(2% B&9% 92 7€) A8
20 | M4 | QLABE | (&%) Ay dute] ebdel o 7)ol
) @

21 M5 e

22 | M6 | THAM | @) WA eaAlAe) At waael A
EESRES B DCE

23 M7 ALFE | (D) FEH AEE ATl 714

(Rz) Faniek 71712 )bk =il ik 71
(Bx) A Bedgst s tha 7o

_47_

Collection @ kmou



=

bl BaA 248

S

)71 EA

o= 5

=,

5}

i

-y
;OO

)

—
o

—~"
file)

Jo

el

1o
N

Zhn

f

)

&}

R

o

(3) N3, #

st

7 o &

=N =
o

=

T&E, Aol

pr
~
o

=3
o
T

W
N

N

—_—

o

o

(4) N4, A<

o7
o

o

o
3r

e

‘c_H

A AA A FHA7A] PRGN AR, A AY,

-

!

»AO

(6) N6, H]

T2

==

&+

A

(7) N7,

B oA Distress signal <=2 A] Search And Rescue A3}

o)

o
-

o,

(8) N8,

Az A3

o

=0

o,

3

K

-

Bt of A

9 Cl, (Hhst=a¢

ey
o
4

1+

NI
o}

o
Nfo

~
0

(10) C2, D=3+

(1D C3, (b=

_48_

Collection @ kmou



A F HE A - g w4 L e g
(12) C4, (DA A 2]

At & AHre] Shear Force, Bending Moment, Trim ¥ Heeling &< #

=)
(13) C5, (Heh==H ¢
Hel = BEeol A9 Mooring Rope A & &8 3¢

(14) C6, (Fsh)zt=a 7

g F 3Eo HF (%, §%, Gas =, Bilge 5)
(16) C8, (&ra) A+ 4

Water Ballast Tank, Cargo Hold % Void Space(Double Bottom Tank,
Cofferdam, Bilge Box) 5 o] o3 89l

(A7) M1, of°F#F

A o) efE e
(18) M2, =A| &k

Auke] A 2HSOLAS, LL, MARPOL §) & &<l
(19) M3, 7§43}

LSA (Life Saving Appliances) Code % FSS (Fire Safety Systems) Code &+

o

T

ok

2=
T

(20) M4, AAMEE]

(2D M5, 74

_49_

Collection @ kmou



(
o~

(
==

Z Aluke] Shear Force, Bending Moment, Trim % Heeling 5= 3

=
(22) M6, T+ AH]|
SOLAS Chapter III Life-Saving Appliances and Arrangements <83 3
(23) M7, A &=F
A4 Store, Spare @ Provision 52 #¢
(24) M8, 33717

4 71718 fA ng

e
i)
ot
2
—d
Ll
[
o
o
il
v
o
g
9
)
o
L
v

L Sofat B o7l 1
|
CARGO SHIP
MANAGEMENT MANAGEMENT

ro dot o rx
00 &2 0% =
FO 09 F1 -m

2k ok Jo {3
2t g% gt do
0% 12 Hu oot
o N 3

%
gt
e
!

Fig. 16 Navigation of mandatory minimum requirements for certification of

master and officers on ships of 500 gross tonnage or more by STCW
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(3) HM (Human Monitoring Operation): S dZA| M Ejol| A Algho] AA ZHA|
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Fig. 20 Expert Discussion for Delphi Technique
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Fig. 40 M4 Human Resource Management and Training/Drill

_73_

Collection @ kmou



v WH IV v £V
‘ -

v . W ///t v v

WH HO /

OH OH v L
OH OH OH OH v

jonuoo sbeweg
2 fef2
SSINTHVMY
AJ3HD 0da NY1d NOLLYALIS

Ve

Frigd

folriv / SW L2 - 5B hi

Fig. 41 M5 Seaworthiness of the Ship

_74_

Collection @ kmou



% o
o
....... Flj
el
74
U]
ZE
SEAER
2 2l 2| |=| |~
b
=z
3 o| g %) |~
oo
okl
|
B0
- |84
EE Q = 5 =
~ E§ = T
0
N . |
o 5 p o i
= = Ed =
|
ot
ol
===
]
%l

Fig. 42 M6 Life-Saving Equipment

Collection @ kmou

_75_



E N BEINE
2 2 5 e =
g Q o = =

=r

i

4r

i o

r\h 25

gjg g% 5 el = =
3

= | 9%

Xl

~

I~ A i -

s Sl EE

o

(8N}

|

ok

&1

"

—

ol

Fig. 43 M7 Ship’ s Store, Provision and Spare part

_76_

Collection @ kmou



IV WH v I v
v INH v ¥ v
d& CH OH v v
OH OH OH QH oV
7=
ARl e — 2 fef
i ki
SEINTHYMNY
ADIHD (0]4] NVd NOILVALLS

E

|_
iT

B IR lzlc w2 kv /8N v2 - 0B hiv

Fig. 44 M8 Deck Machinery Maintenance

_77_

Collection @ kmou



Z 24709
3} 3FA T

JFE e FEo= TESEY F AMZER oo} o)

(ALL (ALl ' [ALL (ALL
ey slioas SlftiEs Slces

oo

Hu

%

2

s

0z

p!

oo
;E
P
[=]

| |

=

4

B
Be

m

fa

2

f

Fig. 45 Working step of Navigation

Cargo Management

[E=1] (Eeh (Eeh

x-IO}-
st2 el F_mfg . shE s A 2Hel
ALO ALO ALO |
[ALL AL1 [ALL
[AL2 AL2 [AL2
AL3 [AL3 |
oh =53]
A= st=7ils

Fig. 46 Working Step of Cargo Management

Ship Management

ot E SHE | T3 OlALEE]
ALO ALO
[ALL | [ALL |
[AL2 | [AL2 |
A3 | | | [ |[AL3 B ]
Pm a2y e Hes ZgE217]
ALO ALO ALO ALO
[ALL [ALL | [ALL ] (ALY
ALZ2 | | [ALZ | [AL2 | [ALZ
{ALS ] A | | [ (A ] [ [ [ J[AL3] |
AN

Fig. 47 Working Step of Ship Management

_78_

Collection @ kmou

T« Al
a



24712] 457} Autonomous Level 4574, SPDC 4G@AZ F 96712 A5 ©A
7} €. ALO (MAnaul Ship)¢} AL1 (REmote Ship)ollA= 2471¢] 457} SPDC
4AAZ F 9670e] dF GAZE sl Autonomous Levelo| A wHagith AL2
(MOnitoring Ship)¢} AL3 (AUtonomous Ship)oll A& 370 4371 Atebd Ao g
o g=o] 24709 Q457 21707 Ha Ax7F SPDC 4GAIE F 8479 7 &

A7t FEA. o8 £25}std Fig. 483 .
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Fig. 48 County Duty Number by Autonomous Level
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Fig. 49¢14 %Ag ALl (REmote Ship) ©AGA= Adute] Haldozm &
Astal glojA A4 Lgo] 7hsshd St Sl Aol YF-E Felste
ol EuS € 7 Aok dF AL == HO 49 (51.04%), Al 32 (33.33%),
HR 15 (15.63%)% vrepdot.

HR HM
15 (15.63%)  0(0%)

Al
32 (33.33%)

HO
49 (51.04%)

Autonomous Level 1(REmote Ship)

Fig. 49 Pie Chart for Autonomous Level 1
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Fig. 50 Pie Chart for Autonomous Level 2
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g =9 += Al 53 (63.10%), HM 31 (36.90%)= e}y

Al
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Fig. 51 Pie Chart for Autonomous Level 3
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Fig. 52 Ship’ s work count by Autonomous Level
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L= |

(Operator on the ship)¥9t oyt A&gddrs &3ste SFAAAE
&AL (Operator on Shore Control Center)= 2} - ZFHZ o2 Aldlo] #AHH
AFE FTYslokstE = o] e A4 HFHoZ A7t

A

T

=

FE AEgtel Qo F8EE FE317] 98l AHP (Analytic Hierarchy
Process) 7IH-& ©]&3le] Fig. 539 A&ES AAATH

- heEe | Fe | ¥5 | FedNge | MEzedNRs
= ) | ed | om (1/27) (1/7)

1| DEegel YHEEL Puit Fasinn AZetunt

Aot EOEHTET AZEHIYTH

Lo} FRSIGD AL

WOt} FASCHD LS

6 | 24l a0l AHgERET} Boht Fesith Getute

Fig. 53 AHP Question

AZ AHE T 7EiR 4 840 F8EE ofet 2ol 7

4>
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o

(1) A=A &3 (Human Onboard Control) = 0.098
(2) 97283 (Human Remote Control) = 0.208
(3) ZrAl¥& (Human Monitoring Operation) = 0.288

(4) &3 (Artificial Intelligence) = 0.406

ol & ol Aol thUste] A&3F A4 (Autonomous Facton)E +& < 3

=
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o

8 8
F AF + Y AF+ Y AF,, Q)
1 i=1 i=1

1=

o 71 A, AF : &3} A4 (Autonomous Factor)
[ Ae-&ddr #4l (Autonomous Level) 0, 1, 2, 3
N : AW 45 = &3l (Navigation)
C:Adu 4% 5 &g (Cargo Management)
M: Ay 45 & A= (Ship Management)
Ul

%_
AP M35 (Work Number) 1, 2, 3, 4, 5, 6, 7, 8

N
M

(0]
i)
o2k
I
=2
fuj
ol
N

TE Tl Al ok 42, 3), WE A&

8

ZAFNizwsj-l-ij—!-ij—i-ij 2
i=1

8

ZAFCiZij-i-ij-i-ij—i—ij 3
i=1

8

ZAFMI»Zij-l-ij—i—ij—i—woj 4)
i=1

o 71 A, AFy : &3l &oF #A&3} X4 (Autonomous Factor of Navigation)
AFc : stEdE ok 2838 A5
(Autonomous Factor of Cargo Management)
AFy @ AdvrdeE]of 283 A5

(Autonomous Factor of Ship Management)
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. A3} 21A] (Situation Awareness) ©HA oA T joll I
=85

;0 AE (Plan) SAGA GF joll i F8=

AW AF AE O, R, M, A)

.

: A% A9 (Onboard crew)
. 974 23AF (Remote operator)

] &3AF (Monitoring operator)

> Z ® O
i
>

. 91¥ A5 (Artificial intelligence)

o] B4 ol g3tel 2 ALeFAY SFE A8 AFE ofel Table 13%
2ol Axftt
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Table 13 Autonomous Factor by Duty Number

AL2 AL3
ALO ALl -
. . (MOnitoring (AUtonomous
(MAanualShip) | (REmote Ship) . .
Ship) Ship)
0.392 1.030 1.270 1.624
0.392 0.920 1.270 1.270
0.392 0.502 1.152 1.152
0.392 1.426 1.506 1.506
0.392 1.118 1.506 1.506
0.392 0.810 1.506 1.506
0.392 0.700 1.388 1.388
0.392 0.700 1.270 1.388
0.392 1.008 1.100 1.100
0.392 1.008 1.100 1.100
0.392 1.008 1.100 1.100
0.392 1.008 1.388 1.506
0.392 1.008 1.100 1.100
0.392 1.118 1.506 1.506
0.392 1.008 1.506 1.506
0.392 1.008 1.388 1.388
0.392 0.700 - -
0.392 0.502 1.506 1.506
0.392 0.700 1.506 1.506
0.392 0.700 - -
0.392 0.502 1.388 1.506
0.392 0.810 E -
0.392 0.502 1.624 1.624
0.392 0.502 1.506 1.506
AH&38F Ao A S, P, D, C 4GAoA AFAF37E He 579 A5 24 &
Aol A 7F5A] 04068 Hrol 1.6249] <=7} A4tAT. o] &#X&= ZF 4571 7}
A 5 gt A4eBAS Ha Waoln BE Ao| AUe] o3 o] Fojx ALO
oA Fel A= 7HEA] 0.3927F HA H7F FHof ofefep Zo] et 4 Q.
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F 1.624

max

AF,

min

= 0.392

BE QRE Auumsr] s A6 el RAAFDE Astdc

(AE,,. — AF,;,) < k=100 %)
k = 81.169
w—0.392) X k= w' (6)

olFA Altd RAATME AR HO)= o1& wE 7L F Utk olF

Al ezl AoiHlal #2)= ot Table 149F o] YEbdTE
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Table 14 Autonomous Factor by Duty Number after applying

AL2 AL3
ALO ALl
. . (MOnitoring (AUtonomous
(MAanualShip) | (REmote Ship) . .
Ship) Ship)
0.0 51.8 71.3 100.0
0.0 42.9 71.3 71.3
0.0 8.9 61.7 61.7
0.0 83.9 90.4 90.4
0.0 58.9 90.4 90.4
0.0 33.9 90.4 90.4
0.0 25.0 80.8 80.8
0.0 25.0 71.3 80.8
0.0 50.0 57.5 57.5
0.0 50.0 57.5 57.5
0.0 50.0 57.5 57.5
0.0 50.0 80.8 90.4
0.0 50.0 57.5 57.5
0.0 58.9 90.4 90.4
0.0 50.0 90.4 90.4
0.0 50.0 80.8 80.8
0.0 25.0 - -
0.0 8.9 90.4 90.4
0.0 25.0 90.4 90.4
0.0 25.0 - -
0.0 8.9 80.8 90.4
0.0 33.9 = -
0.0 8.9 100.0 100.0
0.0 8.9 90.4 90.4

ARE 4B A% Age] ths A58 STl BE WS L Y

5 43 %7} Table 15, 16, 173 2t}
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Table 15 Frequency Count of Autonomous Factor for

ALl

AL1 (REmote Ship)

Autonomous Count Cumulative Relative | Cumulative
Factor count Frequency | Frequency
0< AF <10 5 5 20.8 % 20.8 %
10< AF <20 0 5 0.0 % 20.8 %
20< AF <30 5 10 20.8 % 41.6 %
30< AF <40 2 12 8.3 % 49.9 %
40< AF <50 1 13 4.2 % 54.1 %
50< AF <60 10 23 41.7 % 95.8 %
60< AF <70 0 23 0.0 % 95.8 %
70< AF <80 0 23 0.0 % 95.8 %
80< AF <90 1 24 4.2 % 100.0 %
90=< AF <100 0 24 0.0 % 100.0 %
Table 16 Frequency Count of Autonomous Factor for ALZ2
AL2 (MOnitoring Ship)
Autonomous Count Cumulative Relative | Cumulative
Factor count Frequency | Frequency
0< AF <10 0 0 0.0 % 0.0 %
10< AF <20 0 0 0.0 % 0.0 %
20< AF <30 0 0 0.0 % 0.0 %
30< AF <40 0 0 0.0 % 0.0 %
40< AF <50 0 0 0.0 % 0.0 %
50< AF <60 4 4 19.0 % 19.0 %
60< AF <70 1 5 4.8 % 23.8 %
70< AF <80 3 8 14.3 % 38.1 %
80< AF <90 4 12 19.0 % 57.1 %
90< AF <100 9 21 42.9 % 100.0 %
- 90 -
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Table 17 Frequency Count of Autonomous Factor for AL3

AL3 (AUtonomous Ship)

Autonomous Count Cumulative Relative | Cumulative
Factor count Frequency | Frequency
0< AF <10 0 0 0.0 % 0.0 %
10< AF <20 0 0 0.0 % 0.0 %
20< AF <30 0 0 0.0 % 0.0 %
30< AF <40 0 0 0.0 % 0.0 %
40< AF <50 0 0 0.0 % 0.0 %
50< AF <60 4 4 19.0 % 19.0 %
60< AF <70 1 5 4.8 % 23.8 %
70< AF <80 1 6 4.8 % 28.6 %
80=< AF <90 3 9 14.3 % 42.9 %
90< AF =100 12 21 57.1 % 100.0 %

ALI A A3 A4 508 o] 60 v Rk 41.7%= Hth W1
oAt ole AEMET VAT A4S
Htheel QARo} 448 dAgdl o8 BAHE Aow BT
AL29 A &3} 24 904 o] 100 olstel 42.9%= Ho W=
Witk BAR o Aute] wolshz} daso] tiiel Qe A5} =

H Ao=w EAFHIIH

AL3N A A&3F X427} 904 o] 1004 olstel 57.1%% HY W=+E 4
BUQTh AA9 Asd AH4 SR grEe] Ay Q¥ AFoR o

AR Aoz BAHU

Table 145 F=xsto] Adute] AA AFE AL SIFEE =436t

olej e ko] LFERLITH .
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Fig. 54 Autonomous Factor of Autonomous Level 1

l

Autonomous Level 1 (REmote Ship)S =218} gt Fig. 5494 49 10%°l U
+ N4 (9152, N5 (F=EAA), Co (Fall 5 st=3e]) 37tA d5F7F 71 A
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Fig. 55 Autonomous Factor of Autonomous Level 2

Autonomous Level 2 (MOnitoring Ship)= =218} 3 Fig. 55914 79 10%l
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a7 7188) 97FA 4571 Autonomous Level 19 wls] &3t 233 ¢
F7F 2 AoR getHEAT 39 10%9] Jd= Cl (B = =), C2 (H¢

Z =37, C3 (HS F =48, C (FHS 5 2z /1A 52 F
Zﬂé% HomA AANEZ A E AFsRT= AL2os Aghe] #Adrt
a3 gHoz FAFSTH

i
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i
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_93_

Collection @ kmou



100 -X

90 4 AAA A AA AA A

> 7]

804 AA A
704 A
60 A

50

40

Autonomous Factor

30

20

10

N1N2N3N4N5N6N7N8C1C2C3C4C5C6C7C8M1M2M3M4M5MEM7M8
Work No.

Fig. 56 Autonomous Factor of Autonomous Level 3

Autonomous Level 3 (AUtonomous Ship)< =213} 3+ Fig. 5604 ¢ 10%l
A+ N1 (Iukgal), M7 (A&F#8e) 27HA |57 ATdo=2s 44 As3)t
7F o] Fod ALE giE= GFolth sk 10%e) &3 C1 (FHSE 5 =+
g]), C2 (F¢t 5 s=Fw), C3 (HE 5 =49, C5 (S T ==He) 471
A &2 Autonomous Level 29} wlI7IA| 2 AFS7E o] FojR| A kS AF-
2 EFEAT

Autonomous Level 0 (MAnual Ship)& A3t Yz S Aur 2834 A
TE THHLE =43 ¥ Fig. 577 Zth. ol& T3l Atgeo] FAsieE
Autonomous Level 1 (REmote Ship)Rt} F<QlAdHlo 2 Hoj=&= Autonomous
Level 2 (Monitoring Ship)¥-E] tiH-E GFo A&7t o] Fo4x M1 (2]eF

), M4 (e, M6 (984 H]) 3744 7= Aol AFstes Aol 8
Holl w2t A el Alebd 2oz digdn. stede] FEoA o=
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Fig. 57 Autonomous Factor of Work Number
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Fig. 58 Autonomous Factor of Navigation Work
1004 A m AL1
i v AL2
90 r X *x A AL3
§ 70 v X
o -
L 60 X -
s
g 504 W
i [ ]
S 40
o E [ |
S 30
< E ] ]
20
10 B
N1 N2 N3 N4 N5 N6 N7 N8
Work No.

Fig. 59 Scatter Chart for Autonomous Factor of Navigation Work
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Fig. 61 Scatter Chart for Autonomous Factor of Cargo Management Work
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Fig. 63 Scatter Chart for Autonomous Factor of Ship Management Work
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Table 18 Autonomous Factor by 3 Categories

. ALl AL2 AL3
(REmote Ship) (MOnitoring Ship) | (AUtonomous Ship)
Navigation
= 3 443.719 669.212 698.276
eIy 55.465 83.651 87.284

Cargo Management

E 503.325 627.340 634.606
o o 62.916 78.417 79.326

Ship Managemet

= 3 302.833 463.670 470.936
g 37.854 92.734 94.187
7 gmo BF +28 =22)5hA ol Fig. 64, 659 2ol vherd 5 gk
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