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Abstract” This study aims to investigate changes in the demand for ship officers in response to changes in the shipping industry
environment in which Maritime Autonomous Surfice Ships (MASS) emerge according to the application of the fourth industrial revolution
technology to ships, and it looks into changes in the skill of ship officer. It also analyzes and proposes a plan for nurturing ship officers
accordingly. As a result of the degree of recognition and AHP analysis, this study suggests that a new training system Is required because
the current training and education system may cover the job competencies of emergency response, caution and danger navigation, general
sailing, cargo handling, seaworthiness maintenance, emergency response, and ship maintenance and management, but tasks such as
remote control, monitoring diagnosis, device management capability, and big data analysis require competency for unmanned and
shore-based control. By evaluating the importance of change factors in the duties of ship officers in Maritime Autonomous Surfice Ships,
this study provides information on ship officer educational institutions’ response strategies for nurturing ship officers and prioritization
of resource allocation, etc. The importance of these factors was compared and evaluated to suggest changes in the duties of ship officers
and methods of nurturing ship officers according to the introduction of Maritime Autonomous Surface Ships. It is expected that the findings
of this study will be meaningfill as it systematically derives the duties and competency factors of ship oflicers of Maritime Autonomous
Surface Ships from a practical point of view and analyzed the perception level of each relevant expert to diagnose expert-ievel responses
to the introduction of Maritime Autonomous Surface Ships.

Key words - MASS(maritime autonomous surfice ships), finction of ship officer, ME T(maritime education and training), AHP (analytic
hierarchy process), degree of recognition
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Table 1 Forecasting of global demand, supply and shortage of seafarers
Year 2015 2020 2025
Demand 790,500 881,500 952,500
Supply 774,000 789,500 805,000
Shortage(%) | -16,500(2.1%) | -92,000(11.7%) | -147,500(18.3%)

Source : ICS & BIMCO(2015), "MANPOWER REPORT |
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Table 2 Forecasting of domestic dermand, supply and shortage of seafarers

Year 2015 2020 2025

Demand 15,883 18,092 18,327

Supply 13,616 16,071 15,916
Shortage(%) -2,267(14.2%) -2,021(11.2%) -2,411(13.2%)

Source : Ministry of Oceans and Fisheries(2018), "Research
on seafarer supply & demand plan and seafarer
policy basic plan establishment, & "Korea seafarer’s
statistical year book |
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Fig. 1 Simulations for the demand for seafarers
Source : WMU(2019), "Transport 2040_Automation Technology
Employment , pp.92
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How will levels of autonomy affect future roles?

AL6 - Fully autonomous ship
that has no need for any
human intervention

Present / Future workforce| Step 6 2030 - 2040 AL5 - Fully autonomous ship.
There is a means of human control

Present / Future workforce| Step 5 2025 - 2030 AL4 — Human-on-the-loop. Ship
operates autonomously with human supervision

2020 - 2025 AL3 - Active human-in-the-loop. Semi-
autonomous ship. Crew can intervene

Present workforce| Step 3 AL2 - off-ship decision support. Shore monitoring

Future workforce | Step 7

Present / Future workforce| Step 4

Past workforce| Step 2 ALT - on ship decision support. Data will be available to crew

Technological rate of change

Step 1 ALO - no autonomous functions. All operations are manual

Future workforce training timeline
Verses Lloyds Register of Autonomy

Time
Fig. 2 The expected time of practical use according to the levels of autonony
Source : Choi, Y. W. “A Study on the Change of the Role of Deck
Officer in Maritime Autonomous Surface Ships(MASS)
by Analysis of Standards of Competence®, 2018, p.42.

Table 3 Competencies Autonomous Ships seafarers

Stage |Degree of autonomy Seafarers competency Ship control entity
Partial automation Current decommissioning
1 and decision Competencies under the STCW Seafarer
support ship Convention
Technical competency,
9 Seafarers boarding Teamwork, Technical Seafarer
+ Remote control awareness, Communication, e-farer
Language ability
Technology awareness,
Seafarers T?chnology competency,
. Computer utilization &
3 unboarded + I - . e—farer
Remote control nformation processing,
Environment/Sustainability
Awareness/Interest
Technology awareness,
Technology competency,
4 Autonomous Ships Computgr utlhzatmq & e-farer
Information processing,
Environment/Sustainability
Awareness/Interest

Yeong—woo, Jen, et al.(@X0), TA study on the necessity and
method of fostering the next generation of marne experts | |, ppl73
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Table 4 The extration processs of seafarers functions of

seafarer on board Autonomous Ships

= Job function
ge
Plan and conduct a Ensure compliance with pollution prevention | Inspection and
passage and determine requirements(Deck, Engine) reporting of
position Maintain seaworthiness of the ship(Deck, Engine) | defects and
Maintain a safe Prevent, control and fight fires on board(Deck,| damage to cargo
navigational watch Engine) spaces, hatch
Arrangement of Knowledge of classes and chemistry of fire covers and ballast
Watchkeeping and Operate lifesaving appliances tanks
establishment of Control trim, stability and stress Monitoring of
procedures Monitor and control compliance with loading, loading,
Use of radar and ARPA | legislative requirements and measures to binding, and
to maintain safety of ensure safety of life at sea, security and the unloading of
navigation protection of the marine environment cargo and
Respond to Maintain safety and security of the ship’s management of
emergencies(STCW) crew and passengers and the operational cargo during
Respond to a distress condition of lifesaving, firefighting and other | voyage
signal at sea safety systems Berthing cargo
Search and rescue Organize and manage the seafarer(Deck, Engine) management
Weather forecast and sea | Organize and manage the provision of medicall Cargo handling
conditions care on board when berthing
Use the IMO Standard Maintenance and management of ship engine  Cargo plan at
Marine Communication systems including control systems berthing
Phrases and use English | Operation of AC generator, DC generator and | Hull management
in written and oral form | control system when berthing
Transmit and receive Practical application of medical guidelines and | Rope management
information by visual radio advice when berthing
signalling Monitoring compliance with legal mandates Navigation
Manoeuvre the ship Planned and Phased Voyage management
Manage the operation of | Starting and stopping main and auxiliary during voyage
1 propulsion plant machinery, including related systems Care during the
machinery Operation, monitoring and evaluation of voyage and Cargo
Development of engine performance and capacity handling
emergency and damage | Maintenance of machinery, systems and Inspection of the
control plans and service safety Management of fuel and ballast | hull during
handling of operation voyage
emergencies(Deck, Engine)r Use of internal communication system
Maintenance of operating| Operate electrical, electronic and control systems
conditions for the safety | Manage troubleshooting, restoration of
and convenience, electrical and electronic control equipment to
survival, firefighting and | operating condition
other safety systems of | Manage safe and effective maintenance and
the ship, seafarer and repair procedures
passengers Detect and identify the cause of machinery
General voyage malfunctions and correct faults
Caution voyage Ensure safe working practices
Dangerous voyage Control of trim, stability and stress
Confirmation Knowledge of national legislative measures for
Determination of the implementation of international
navigation route agreements and conventions
Emergency Response Medicine
Search and rescue International convention
operation Life-saving&fire extinguishing
Anchor&Up anchor HR management
Maintain stability
Life-saving equipment
Articles for ship
Deck equipment
General voyage Maintain seaworthiness of the ship Cargo planning
Navigational watch Control trim, stability and stress Cargo area
Manoeuvre the ship Deck equipment management
Caution voyage Maintenance and management of ship engines | Cargo loading and
Dangerous voyage Ship goods management unloading
Determination of navigationt Medical emergency treatment on board Cargo inspection
2 route Fire prevention and fire control in ships Cargo hull
Remote control operation Operation of fire-extinguishing equipment management
Emergency Response International convention Cargo defect
Search and rescue Legal requirements and actions damage
operations assessment
measures
General voyage Maintain stability Cargo Handling
Caution and Dangerous | Deck and engine equipment management Care cargoes
Voyage Management of shipping supplies and medicinesf Cargo area hull
3 | Determine position and - Life-saving equipment and life-saving fire inspection
navigation route extinguishing management
Emergency Response Compliance with international conventions
Search and rescue
Ship Ship Cargo
4 operation management management|
ol9} o] 37 UlFEEA S 137 FFelos =& A&
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Table 5 Competencies Autonomous Ships seafarers

Items Frequency Items Frequency
Gend| Male 42 |Current Corporation 16
-er | Female 1 Job  [Educational Institution| 27
30~39 10 10 or less 7
Ace | 40~49 23 |Working 11~15 17
8¢ | 50~59 8 | years 16~20 8
over 60 2 over 21 11
Total 43 Total 43
a7IAE S AE A s 7|AL A skl gk <14
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Table 6 Total importance of seafarers functions of seafarer on
board Autonomous Ships

AHP Job change AHP
Items | Inparta Sub-items (Likert -
o 7Scale)  |Importance| Ranking
General voyage 4.84 0.044 12
Caution & Dangerous =
4.86 0.153 1
Ship Voyage
operat | 0.431 |Determine position and ’
ion navigation route 4.56 0.072 7
Emergency Response 4.88 0.098 4
Search and rescue 4.58 0.065 8
Maintain stability 4.37 0.106 3
Deck and engine equipment =
germen 4.60 0.051 10
Ship Management of shipping 447 0.022 13
mana | om0 supplies and medicines
geme Life-saving equipment and
nt life-saving fire extinguishing 456 0.046 11
management
Compliance with international =
conventions 428 0.053 9
Cargo Cargo Handling 4.53 0.119 2
ggﬁ: 0.290 |Care cargoes 449 0.098 4
nt Cargo area hull inspection 4.49 0.073 6
A4 A AEeFAe d74 AR acse] T
= AHP(Analytic Hierarchy Process)ZS 3 43 A3} A
vhea 0431, SHEE] 0200, A 0279% e A
&l AeedAnte] &7 aclel glef 7Y Fa%
Q9o yeytth
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Table 7 The extration processs of seafarers functions of
seafarer on board Autonomous Ships
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Table 8 Total importance of seafarers functions of Autonomous Ships

Importance | Ranking
Remote operation control 6.09 0.159 2
Emergency response 6.19 0417 1
Establishment of voyage plan 5.74 0.109 4
Ship maintenance and management 5.79 0.128 3
Cargo loading and unloading 6.05 0.095 5
Transport cargo management 5.86 0.092 6

St

| Job function

I Personnel
qualification

I Cargo handling
I Manual securing

- Occupational
responsibilities
defined by the
company

- Computer utilization

and information processing

-Environment/Sustainability|
Awareness/Interest

of - Failure diagnose - Man-machine interface
vessel or - Condition based = mass information

anchoring maintenance processing capability
I Standard - Repair planning - Ability to focus on
operation - Project management critical issues
 Emergency - Collaborative - Remote operator and
response discussion business performance
I Passage planing - Survey capability
I Berthing requirements - Situation control

1} Anchoring - Performance and capability
I Collision efficiency - Ability to understand the
hvoidance monitoring limitations of automation
I Cold Ship to port - Dry dock and problems that
stan-by - Expert assistance  depend on automation
I Maneuvering to - Technical - Change management

commencement of competency capability
passage at sea - Teamwork - Continuous learning
I Commencement of - Technology ability
passage at sea recognition - Ability to overcome
I Safe education of - Communication stress
personnel - Language ability - Effective communication
skills

- Leader competency
Cargo handling

I Ship remote - Maintain stability

control - Remote repair - Cargo monitoring
I Dangerous - Establishment of - Cargo status
5 kituation voyage plan diagnosis

substitution

I control control

I Establishment of
voyage plan

 Emergency - Ship maintenance - Cargo loading
response and management and unloading
3 | Remote operation - Establishment of management
control voyage plan - Transport cargo
management
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Table 9 The extration processs of seafarers competencies of

Autonomous  Ships

St Job function
ge
I Respond to - Operate electrical, - Technology recognition
emergencies(STCW) electronic and control - Language ability
I Respond to a distress systems - Environment/
signal at sea - Manage safe and Sustainability
I Use the IMO Standard effective maintenance Awareness/ Interest
Marine Communication and repair procedures - Teamwork
Phrases and use English - Detect and identify the - Communication
in written and oral form cause of machinery - Computer utilization
I Transmit and receive malfunctions and correct and information
information by visual faults processing
signalling - Ensure safe working - Man-machine interface]
I Manoeuvre the ship practices mass information
| Manage the operation of - Knowledge of national processing capability
propulsion plant legislative measures for - Ability to focus on
machinery the implementation of critical issues
I Monitor and control international agreements - Remote operator and
compliance with and conventions business performance
legislative requirements - Emergency Response capability
and measures to - International convention - Situation control
1 ensure safety of life at - HR management capability
1 sea, security and the - Cargo plan at berthing - Limitations of
protection of the marine - Occupational automation and
environment Responsibilities Defined — dependence on
| Organize and manage the by the Company automation
seafarer(Deck, Engine) - Project Management - Ability to understand
| Organize and manage the- Collaborative Discussion problems
provision of medical - Survey Requirements - Continuous learning
care on board - Expert assistance ability
| Practical application of - Technical competency - Effective communicatiory
medical guidelines and skills
radio advice - Change management
I Monitoring compliance capability
with legal mandates - Ability to overcome
I Operation, monitoring stress
and evaluation of - Leader competency
engine performance and
capacity
I Use of internal
communication system
I Ability to use navigation - Machine control ability - Communication skills
equipment - Maintenance ability - Information processing|
I Emergency response - Safety management ability
capability ability - Ability to understand
of Communication skills - Cargo planning artificial intelligence(Al)
I Remote control ability capability - Big Data analysis
I Ability to familiarize - Project management processing capability
yourself with ability - Future technology
international conventions - Skill transfer ability learning ability
I HR management skills - Leadership
- Ability to respond to remote control of autonomously operated ships in
emergency situations
- Land-Sea communication skills
- Ability to operate autonomous navigation equipment and devices
3 |- Autonomous equipment, device monitoring and diagnosis capabilities
- Ability to maintain and replace autonomously operated equipment, devices,
and parts
- Artificial intelligence(Al) technology learning ability
- Ship operation big data analysis ability
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Table 10 Results of analysis on the recognition of seafarers
competencies of Autonomous Ships
seafarer on|
board

Fully
Ships
5.14

seafarers competencies
Ships
5.44

1. Land-Sea communication skills

[N

. Artificial intelligence(Al) technology learning ability 5.30 6.30

w

. Ship operation big data analysis ability 5.05 6.35

S

. Ability to operate autonomous navigation
equipment and devices

551 6.42

5. Autonomous equipment, device monitoring and
diagnosis capabilities

553 6.30

6. Ability to maintain and replace autonomously
operated equipment, devices, and parts

551 5.72

7. Ability to respond to remote control of autonomously|

operated ships in emergency situations 6.35
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