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Abstract @ As the fourth industrial revolution (Industry 4.0) evolves, studies on autonomous ships have been conducting in the shipping industry.
Currently, two or three degrees of autonomous ships is in operation, and a shore remote control officer (SRCO) monitors vessel operations and intervenes
remotely where necessary in the service. However, as the curriculum for an SRCO has not been established internationally, the risk of an accident by
an unqualified SRCO is increasing. In this study, specifies the curriculum required for SRCO that consists of suitable existing training and new training
under remote control circumstances. This includes Non-technical skill training to enhance the effectiveness of an SRCO. This curriculum can be used for
a new SRCO to evaluate training and competency specific safety standards, and to enable existing seafarers to become SRCOs through the necessary

training.
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1. M B et al, 2021) & AHLF2 HA 71549 FA(Department

for Transport UK, 2019)= & G o= 7|dj€ct 12y 7=
[e]

47 pie] wAe] meh £ woplA vlge g R o WA ¥ L nFA Pgol ek Z2hHel
=
A

== A= A
Q18 wmeg olo] 7har glem of#] AAlA o] 4(Akbar we EReklth
ST AHA o] Ted A= AAe] Sl
* First Author : hkpark@seaman.or.kr, 051-620-5561 Ao ol &3EE A7E AX S dAA S AE
¥ Corresponding Author : hmjl53@kmou.ac.kr, 051-410-4279 (Shore Remote Control Center, SRCC)Oﬂ A mgee] SAFQ A A

o] w=ie] AR A SFAAA A wERE T -
et A ARow «phsFaActAsts 20220 % FATE 0] A}(Shore Remote Control Officer, SRCO)ll ]3] 7FA] =

B (2 et 2022 62 232420 HEFH AL ol wel MY B 2FHE RS dEE A A =

)
0%

- 1002 -



|

circumstance

remote control

New training required

)

seafarer

Existing training for

|

S|
=
a2l

o

=1]
=

Al2=E) Apoll]

Aprlel €73

=1]
=

L

} %) ¥k(Saha, 2021) 7]

AEH7

i<

=AH] wgIge] glon

A o] A E o A
Z}

&

i

o
el

..
o] Eg

3
i)

gl

=

e PR TR

o

R

Aot} 18} o]
&

BTA

armFT
ﬂﬂoﬁm% s
S ) < S
o))
m = o B &
= 2 T Rodo Jo T & 5
%] 5] <] ]1.|7 .
2l EH g W T e 2
ol | &{MN5 E T d ok ol e S
2| | = g 5 R O TF YT .w 2 z 5118 3
g 15lll5lllgl 8 & Z=z=% | S{1E1[2]12] =
g & Z mm 5 o TR W b R Exl | = = g 21 £
= 3 2 T oo o = o 5 3] . sl § o
en m < E| Q = 2 @ = <
& El = Fopom W z el 2 g o e | £
P Q M ™ = o —_ <0 ‘_lr”o#a n.nlo“S— b— l— m— w Wb
2 g < ~ " o o = C @ B= o
£ ol = 2&®e [BENS[NElE]2]2 ¥
o S — — 5} )
g 2l ® =227 1EA02 52125 =
5 m : « T R o o -8 & ; 2 gl £
2 o) § K @ FEREAEg = ) 5 o
E Wo = = h- e ,xm 83 & ) v m 20
g H N Ao % 3
S m o M.akmeT : o
. ~ M W o5 = !
Tx - "o m o W
ol M) oo T x° o 5
~ do O o I = _
F 2o o
TERRITPTT LKA TR G RN B RS AT ET DG &R BT
R RT RGP LT TR T E T CHEM 21T g g B
o~ ogw_u_ﬂ %u]ﬂfﬂmi d«&o] Nroﬂoqﬂﬂ%o_amog}ﬂl_.%_.ﬂwmﬂ
PR eEY X PN X o RN I .
W m T = o] 1° o o op ol o oF o T op K| U TS ry = OB o
S o S ROOH L 2 o8 F W - % TW o M T IR R ooy oz B Ur
Moo o 5 <0 = 7 M T i g XD
E_.Imaﬂﬁllowaog or ~ 7 qgﬂ]ﬂﬂﬂﬂuﬂﬁa._oﬂﬂ& ﬂ}oﬂTﬁ«,
#@ﬂﬁ@o_gﬂw AR &ﬂﬂm@ﬂﬁa%%Tﬂmﬁmqﬂsﬂﬂ
ol T 9 —_ oF T oo — o2 . %0 ~ X
ﬂom%aﬂmm_m&gl%o, éo&%ﬁw%&mo#a%ww%%ﬂwarﬂ
of T ~ 2 H I e B i R P U s
@ME_L%@I@.EE.#&%%@ Ea Eﬁl@ﬂﬂnﬂﬂ%nﬁdmw%mﬁ%D%m
PRETRT P ma gy ® X W geGRTEDT LR Tas ¥
o — = Iy , E - 73X Jlﬂrﬂ
%%aﬂ%%%zﬂﬂ,@wﬂlﬂm Ly morow%ﬂo%hmwmrﬁig%ﬂﬁ%wlﬁwoﬁﬁ
o /" o~ - P o O B | XO @l Tw ].ﬁuJE]l g —
srEEipiegsRne B brTiesslodiiTiszas
‘I_-‘Iﬂ—ﬂul B3 o} _ 0 i ].6011 Ky ™ ! Q._- ER
T _zrradlren=st Y TaNzlyusFPagrzoslosn ®
SECE Qﬂ%%Axomuﬂl%i Gl T TN Ji e - O g
LRENPER T L o I IR CIR - i T a
Ao = N A 7o o — T df) oF ~ m o oy X
T = T ~ T I} H of T IS s S = - S XN
ar B A e — = B T S o M T
PP oy WE o NF o 7o o 5 B Bool & oW LHT IS
of %o S w s & w %o o) xR 4 KX & KB _dr L BF o TN 8
10° " = YA A o ) o= 5 g o E £ an
A oo b T O[T o o TR T T B T =) WL %) o 1 = E] T E o= N = 7o K o mwro
XTPFTFTNFTTTETD FWT TR R AT T oo e "
THXBTRDFETWMET TR NRNT T ATTF T W AT N

5}

AAA asle]7] o

i

o
el

8

=
5

“Jo] ZTHABS, 2022). AH&$

p

[}

il dofe] njgol

o

o @ 7}

)

5
Rl

[e]

= A
&

5}
BBk g o]

A
OF=
o}-E’

L

],

R84

ZERER!
£ <l

- 1003 -

gl

RLN

=

&t7] o

<)

8

)
=

b 71E2 =27t

pud

EEEEREES
ks)

11

-

=]
[¢)

=

)

h=

=

A



3Ee-59 Aol M2 o2 3 ¥ (Munin Brochure, ol gt5=o] A A|E Zolt} ojo] wia} B Aol © A
2016). “12]ar gefAbare] wAE A2 FH FRAAE  TE 5ol ALY AES AT By L Agne] &8 4 &
3123 wi(Hong and Bae, 2019) 33l Abato] A gsirh B 4 A, Aol Ant Fdd 5 = 7e B ARSShe o] &
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7] W&ol e T A4 Ao JF-E Sy B 9l 2 43 Aol o] wE AudAr) 7], ARy sy
CHChoi et al, 2018). °]ell we} LA AAA= 7] k] &2 A 71E] $4 71HAE #Elshe 7134
AAZH #Hato] HAALAE A8 GF S ATT 5 o A3 wHYE FoAS WFATH(Table 1).
UEE 3= STCW HF U§ 5 Fall Ao & A 2 A7 ol e 7]E2] % F ECDIS, RADAR &
Tt Muke] FEF E ERAA FESF 5008 ©]  ARPA % AIS T2 IFHQl nSUY§oR Fode] FxE
ol Murol Ayt 15&sf|Abel it sl sE e HAV]E FoltKChae et al, 2020). SALAAA A= AhF <l el
HAQL ATI29] 27 e Mg F-3hd Aot Ar] o] Aol 7] wito] olefgt gnle] WKL XF
71& STCW w52 Ao 3174 9 Anol ek Wy 5o  Hojof gty 7]& Aute] &sf 7]7] AX| of Fof w2 A
2ol &2 Q& FdAA Al A a2 AL = fAY wFelA I wf o WA of afr ofof wE U8
T QAo Fadsts wSUEo] EAFTHChae et al, 2019). & A Z AAHQ] WFIE 9Jste] thSt o]
o, AEggaute] 3073 9 oy A &I &5 o] dERS 7Y AEFE AEF3HthFig 3)

Table 1. Review of STCW competence under MASS

No. Competence Considerations under MASS Remark
Plan related to provision & water for crew Unmanned
o Safety of the personnel Unmanned
1 Plan a voyage and conduct navigation
Relevant to paper chart system Use of ECDIS
Log book records Use of VDR

Determine position and the accuracy of
resultant position fix by any means

Celestial navigation

Not applicable under MASS

Position fixing by terrestrial navigation

Not applicable under MASS

GNSS including GPS

Repeated in ECDIS

3 Determine and allow for compass errors

Magnetic compass, Gyro compass
maintenance

Unmanned,
Operational only

Co-ordinate search and rescue operations

Related to rescue unit

Not applicable under MASS

Establish watchkeeping arrangements and
procedures

Bridge watchkeeping equipment and system

Unmanned,
Not applicable under MASS

Maintain safe navigation through the use of
6  information from navigation equipment and
systems to assist command decision making

No consideration

Maintain the safety of navigation through the
7 use of ECDIS and associated navigation
systems to assist command decision making

No consideration

8  Forecast weather and oceanographic conditions

The way to get and analyze weather
information onboard

Not applicable under MASS

9  Respond to navigational emergencies

Refloating a grounded ship with and without
assistance

Not applicable under MASS

Emergency steering

Not applicable under MASS

Emergency towing arrangement

Not applicable under MASS

10 Manoeuvre and handle a ship in all conditions

No consideration

Operate remote controls of propulsion plant and

11 . .
engineering systems and services

General knowledge of remote control of
propulsion plant and engineering system and
service

Unmanned,
Operational only
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Fig. 3. Re-Categorization of SRCO Existing training.
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STCW ¥ eofe] AEd F B2 IMO 39552 IMO7t &
2] 7 B 525 AfEete] sab 7)) we dEa g
°fe] A8 we A4S dtofof vk TS ATIEnt
(Chae et al., 2017). MO 22 FAE Jugxlo Al o
71EF IMO ¥4 & o] 8sh= bl o] ¥ agagos A

il

AR o Aus) A= A7z g 87 A4 2 7]E
o H&g FXgt & 7S] wgAd A= =
- TEREE By B 2A5k 7)E ARE s &
Hol F43 a8AS I F UEF Zlglz%}% e 5
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371 AlEEe] S Hdar s <

U= AT H
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w2 s 7] FH 9 kel A AlEdelE ARES b,
|4, 7= 54, 71 &84, 1§ a3k, AnE, Bl
7‘}7@ o] ATh(Fig. 4).
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Fig. 4. Advantages of using simulators in maritime training and
assessment.

(Source: The continuum of simulator-based maritime training and
education (Kim et al., 2021))
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de] AAAR S Hxetr] e da g H A LE A
AEO AMES Fe 9 ko 74 e HS AHET
4 9o IMO 29 52 1.08 Radar navigation at management
levelo| A= TEWAE 2 AFE wSUl&ollx A3 Ao
AMAAR S Hxdt7] 9% daf Aok Al 'l HHE 9
AHES EE ) ke fA4] sfvleE B A xR

A AolE A el A Trsiel 24 o)

and bridge teamworkol] A& Lyt 2 ]’é %]’ ol A 2] &3f A &l
2 e e wSWgolA A gy g+ 7]

4, 71299 A wsHgA A9 A A wE
Tl oetel @ 43 AR U A15H, £
A, et 2R 9% A5 9T, 5 F2 R 450 9

CER:!

% wobst savel Ba mAAAN TE 42
upe] 23 7 A715He 44T 4 Mo 2
2~ 1.27 Operational use of electronic chart display and information
systemsol| A]+= ECDIS &2 7A1E 9 A w5 3gol A 3ts)
A% g e 2 15, A9Ash A AR w5
A A9 Aga Uil BE T o gatel e A A
o) JUE 75, BE JL%M% Ea) A3 A oA
A& Bx37] 91§ ECDISe @y g3 A& S5 &3
hd fA4 7S Hed F gtk MO B m2 134

oA €] AISe] AH&
CECMIELE

olt
o
i

A=)
Automatic identification systemol| A= 34 S

WEYLS B3 A3 Ao AR S

- 1005 -



Gulsh gl A Auel AHgS B9 G4 oAl £ 33 7IE Sl DSUY 24 29

= o S
M7leHEs A8 & Ux
Sk

on-scene coordinatorel] A+

AR =4 d7lsEs 4
7.01 Master and chief mateol]
g, Alol 2 A9 o F A,

NeRlEs} 3 Aolw Ans

Aol dE o 715 W AR, AR A w5 ge A
Hlo] gAAle] ¢4 75 48T 5 Ak %2 v

1=

g3 A RO 2} d €

o2 T2~ 9k AAN At 7wy, IM RS 3 FAxTt S W gls W
Fobd 2 MEWEoR el AFar s, wdze
el uldAbeel w3k A wS g ow Fade] v dAA ] ¥

MO =¥ H~ 315 SAR 71E9] d7|AF WS
UAmGYGOE S P gESTh A9

Table 2. Comparison of IMO model course to STCW A-II/2 competence
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No. IMO Model course Competence Topic
. Maintain safe navigation throi the use of
1.07 Radar navigation at . . gaton. ugh
1 . information from navigation equipment and All parts
operational level . - .
systems to assist command decision making
Maintain safe navigation through the use of
1.08 Radar navigation at information from navigation equipment and Use of radar in collision avoidance
2 management level systems to assist command decision making
Co-ordinate search and rescue operations Use of radar in search and rescue
. Planning ang ing out a voyage in normal and
Plan a voyage and conduct navigation & dcarryl & out a voyag
emergency situations
L termi iti the accuras f . . o
1.22 Ship simulator and Determine position and the accuracy o Review of basic principles
. resultant position fix by any means
3 bridge teamwork :
Standard manoeuvres, wind and current effects,
. - Shallow water effects, Bank, Channel and
Manoeuvre and handle a ship in all conditions Interaction effects, Anchoring and single buoy
mooring
Plan a voyage and conduct navigation ECDIS route planning and Monitoring
1.27 Operational use of zzzg:le oz(i)tsil(?r:nii:ng ﬂ;i acncll:aicsy of Vessel position, Position Source
4  electronic chart display p Yy any
and information systems Maintain the safety of navigation through the
use of ECDIS and associated navigation All parts
systems to assist command decision making
. intai igation thr th f
134 Automatic Malntalq safe naviga fon- ough e use o
5T information from navigation equipment and Use of AIS at sea
identification system . - .
systems to assist command decision making
3.15 SAR on- . .
6 S on-seene Co-ordinate search and rescue operations Entry level
coordinator
Principles of the magnetic compass, Principles
. errors of gyro compass, Systems under control of
Determine and allow for compass errors e b ysten
the master gyro and the operation and care of the
. main types of gyro compass
7 7.01 Master and chief ype e P

mate

Forecast weather and oceanographic conditions

Forecast weather and oceanographic conditions

Respond to navigational emergencies

Respond to navigational emergencies

Operate remote controls of propulsion plant and
engineering systems and services

Respond to navigational emergencies
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Table 3. Analysis for the study

Author /

No. Published year Title of study or paper
Deling et al Marine Autonomous Surface Ship - A
1 /2020g ’ Great Challenge to Maritime Education

and Training

Exploring technical and non-technical
2 Sharma and competencies of navigators for
Kim/2021 pe " navig
autonomous shipping

The Readiness of the Maritime

Aboul-Dahab

3 Education for the Autonomous Shipping
/2021 .
Operations
Maritime Education and Training as a
4 Bartuseviciene  Tool to Ensure Safety at Sea in the
/2020 Process of Introduction of Maritime
Autonomous Surface Ships in Shipping
5 Vidan et al. Autonomous Systems & Ships -Training
/2019 and Education on Maritime Faculties
6 Felski and The ocean-going autonomous ship -
Zwolak/2020 Challenges and threats
A Study on the New Education and
7 Lee et al. Training Scheme for Developing
/2019 Seafarers in Seafarer 4.0 - Focusing on
the MASS
Mapping competence requirements for
8 Saha2021 future shore control center operators
A Study on the Changes in Functions of
9 Lim and Shin  Ship Officer and Manpower Training by
/2022 the Introduction of Maritime

Autonomous Surface Ships

10  Hone/2019 Training Standards and Accreditation

A study on identification of

11 Chac et development status of MASS technology
al./2020 o .
and directions of improvement
12 KR/2022 Guidance for Autonomous ships
13 DNV2021 Competence of remote control centre

operations (DNV-ST-0324)

Bartuseviciene(2020)™= A& @A8F 919 S8 2l
star ] M FFdGA ALY wHS S8 YA S =
A Adoka AFEITh SdL A o)A Had T o
2 A, Baled, A%, gt A0 43
ol Aol ot 7|&, tAds} 7|, It Aol £, 44X
oA dIAF E Hr]Ee] AF ®H b dubeadr|Eol

g g slthar A A&kt
Vidan et al.2019)= 73 A Ao Alel] H a8t 7] 3} %]
=3
h=]
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Lee et al.(2019)%= S/ AA A Al A52FA 2], A&
A2, HE7IE=A A, EHD FA4, Abold Bl ¥
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Saha(2021)%=
olll, gAlL s H 7E A

& AN s,

F9

R CRE R DL
A=l A=l

T

Lim and Shin(2022)2 7]& 37|14} n&ut olye} 14
Aol B tA sE, YUY XJ%, AEEgm] 2 77
=8, FAY JakaE, Au] 2 wA 58, Yoy 4]
2 RIFAEY 714 9% =Y9s AASAT

Hone(2019)°] 3t oll A= Fladnte] <z, #<l, ke

=]
ZI:

A =R A,

Azt A5 A%, 984

HgAbE A A9} 3

TAFAL HEs] s =88 7] Y3 JE, 9H%
9 ge) Rk WAE &g ALl Fasitin ANe
At

Chae et al.(2020)2 MASS $-£x}9] Aojo} Y T2l A
26 Bl Apeln] wek G| A 2 e, A, A
AA D Al=wl, AgEgante] AANAALG A 2e] da
stk AlA el

KR(2022)°] A& A €]
A3 P grol el
FEol A4,
Al Adute] 3}

oF 3] B4

o

sun

DNV(2021)°]] 4]
R714Ql o

RS

Table 4. Required training contents under remote control operation circumstance

Category

Training contents

Definition, Regulation and
Principle

Definition, Regulation, Responsibility, Safety principles,
Qualification rules, Command control, Principles of watchkeeping,
Environmental sustainability, Difference MASS design

General of remote control
operation

Information acquisition and
analysis

Data mining, Big data management, Remote information
management, Vessel & Environmental information perception
Instrumentation, Sensor information

Remote control

Automatic control system knowledge, Autonomous navigation,
Remote control, Maritime digital skill, Mission planning and
operational limits, Computers and data processing, Wireless
communication, Al, System understanding, Ship handling

Network management and

Remote control network

Wirelessnetwork, IoT, Wireless network maintenance, Self
diagnosis. Data transfer in real time

security

Data log, Access control, Software upgrade, Auto security & safety

it . .
Security skill, Cyber security
. . Self fault diagnosis, Alert handling, Monitoring, Audible and visual
Diagnosis . .
alarms for system failure and provide its catalog to operator
Ship maintenance Maintain safety operation while under command, Equipment
Maintenance maintenance and recovery, Ship maintenance management,

Fault finding and troubleshooting

Respond to emergency

Emergency situation, response

Emergency

Analysis of risk

Risk assessment

Non-technical skill (NTS)

Leadership, Communication, Critical thinking, Obedience and execution, Psychological stress resistance

- 1008 -



4.2 SYAANOAME AT HI7[=
Q] @ QS g Hopol A Alae] Fa €19
o2 oAAA $kthFig 5).
® Human error
m Accidental nature/damage
Natural hazards

m Negligence/poor maintenance

® Failure to provide service

Other

2011-2016 14,828 claims analyzed

Fig. 5. Top causes of liability loss per line of business - Marine
(By value of claims).

(Source: Allianz global corporate & specialty se(2017),
Global claims review liability in focus loss trends and
emerging risks for business)

&7 9o FeAol FxHu 1;} H]7]’\Z—l Iefo) gt
“leA 9Es Beetal b 849 el 7)o
= 1A, A} A, Aol A7) %S el o ALAA,
oAb, B4, dulA So2 74 FrhFlin et al, 2008a).
H) 7|4 A 8-S 2010958 STCW & kol E&tgo] A
uke] BAs A s Al Al A3A S S ™ (Tavacioglu
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operation circumstance for SRCC
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Fig. 6. Re-Categorization of SRCO new training under remote

control circumstance.
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Table 5. Non-Technical skills in STCW A-II/2

Competence Knowledge, Understanding and Proficiency Table 4. Non-Technical skills
Obedience and execution
Establish watchkeeping Thorough knowledge of the content, application and intent of the Communication
arrangements and procedure  principles to be observed in keeping a navigational watch Psychological stress resistance

Critical thinking

Knowledge of shipboard personnel management and training Obedience and execution

Knowledge of related international maritime conventions and
recommendations, and national legislation

Ability to apply task and workload management, including:

1. planning and co-ordination Critical thinking

2. personnel assignment
3. time and resource constraints

. Psychological stress resistance
4. prioritization

Knowledge and ability to apply effective resource management: )
. allocation, assignment, and prioritization of resources Leadership
. effective communication on board and ashore

Use of leadership and

managerial skill
. decisions reflect consideration of team experiences

. assertiveness and leadership, including motivation Communication
. obtaining and maintaining situation awareness

D AW =

Knowledge and ability to apply decision-making techniques:
1. situation and risk assessment

2. identify and generate options

3. selecting course of action

4. evaluation of outcome effectiveness

Development, implementation and oversight of standard operating

procedures
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