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New Requirements

Degrees of Autonomy

IMO Instruments

MASS Code
SOLAS 

Convention

for MASS Operations

SD 2: Integrate new and advancing technologies in the regulatory framework

New Output: Development of a goal-based instrument for maritime autonomous surface ships (MASS) 

Source : Resolution A.1131(31) LIST OF OUTPUTS FOR THE 2020-2021 BIENNIUM
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Fourth Industrial Revolution
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ICT
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Digital
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Remote
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FINLAND

CHINA JAPAN

NORWAY

USA

EU

● MUNIN : Maritime 

Unmanned 

Navigation through 

Intelligence in 

Networks

● Yara Birkeland : First 

fully electric and 

autonomous container 

ship

● AUTOSEA :  Sensor 

Fusion and collision 

avoidance for advanced 

ship

● ReVolt

● AAWA : The Advanced 

Autonomous Waterborne 

Applications

● OneSea : Finnish 

ecosystems for 

autonomous maritime 

transport

● China Unmanned 

Cargo Ship 

Development Alliance

● Green-Dolphin project 

(2015~)
● SSAP : Smart Ship 

Application Platform 

(2012~2017)

● Mayflower project

● ACTUV  : ASW(Anti-

Submarine Warfare) 

Continuous Trail 

Unmanned Vessel
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Why
Do We Need IMO Instruments for MASS?

International

Regulation

International

Standards

Industrial

Standards

ITU
International

Telecommunication

Union

IHO
International

Hydrographic

Organization

ISO
International

Organizations for

Standardization

IEC
International

Electrotechnical

Commission

3GPP
3rd Generation

Partnership

Project

IALA
International

Association of

Lighthouse

Authorities

RTCM
Radio

Technical

Commission for

Maritime Service

NMEA
National

Marine

Electronics

Association

IMO
International

Maritime

Organization
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MSC 95

(‘15. JUN)

MSC 98

(‘17. JUN)

Agreed upon "Regulatory scoping exercise for the use of Maritime 

Autonomous Surface Ships (MASS)"  (~2020)

MSC 99

(‘18. MAY)

Started to develop a framework for the RSE and defined the aim, the objective, 

the preliminary definition of MASS and degrees of autonomy.

MSC 100

(‘18. DEC)

Approved the framework for the RSE, which contained definitions, a methodology 

consisting of a two-step approach and a plan of work and procedures.

The need for guidelines and regulations for the use of MASS emerged.
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MSC 101

(‘19. JUN)

ISWG/MASS

(‘19. SEP)

Considered and agreed on the result of the 1st  step of the RSE, 

and commenced the 2nd step.

MSC 102

(‘20. NOV)

Owing to the COVID-19 pandemic, 

MSC 102  deferred consideration of this matter to MSC 103.

MSC 103

(‘21. MAY)
Finalized the RSE and approved the outcome.

Developed and approved Interim guidelines for MASS trials.

(MSC.1/Circ.1604)
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Thus, a new instrument for MASS 
operations is expected to be developed.

Source : IMO document MSC.1/Circ.1638 “OUTCOME OF THE REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS)”
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Regulatory Scoping Exercise(RSE)

The work to identify measures 

that might arise when the existing 

conventions are applied to MASS,

as a preliminary work to develop  

international standard regulations 

for the use of MASS.

Facilitation

Committee

Maritime

Safety

Committee

Legal

Committee

RSE

Framework

Source: M.C Jo et al 2020 IOP Conf. Ser.: Mater. Sci. Eng. 929 012014, 

IMO document MSC 100/WP.8 “REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS) “
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MASS
A ship which, to a varying degree, 

can operate independent of 
human interaction

MASS Degrees of Autonomy

Degree One

Ship with automated processes and decision support: 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.

Degree Two

Remotely controlled ship with seafarers on board: 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.

Degree Three
Remotely controlled ship without seafarers on board: The ship is controlled and 

operated from another location. There are no seafarers on board.

Degree Four
Fully autonomous ship: The operating system of the ship is able to make decisions and 

determine actions by itself.

Source: IMO document MSC 100/WP.8 “REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS) “
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First step: Identification of provisions in IMO instruments

A. apply to MASS and prevent MASS operations; or

B. apply to MASS and do not prevent MASS operations and require no 

actions; or

C. apply to MASS and do not prevent MASS operations but may need 

to be amended or clarified, and/or may contain gaps; or

D. have no application to MASS operations

Second step: Analysis of the most appropriate way

I. equivalences as provided for by the instruments or developing       

interpretations; and/or

II. amending existing instruments, and/or

III. developing new instruments; or

IV. none of the above as a result of the analysis

Source: IMO document MSC 100/WP.8 “REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS) “
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1

2

3

4

equivalences as provided 

for by the instruments or 

developing interpretations

developing new 

instruments

apply to MASS and do not 

prevent MASS operations 

but may need to be 

amended or clarified, and /or 

may contain gaps

have no application to 

MASS operations

apply to MASS and 

prevent MASS 

operations

apply to MASS, do 

not prevent MASS 

operations 

none of the above 

as a result of the 

analysis

MASS degrees Instrument 
First step:

identifying instrument

Second step: 

analysis

Example of the RSE regarding Solas chapter III Reg. 17-1 on level 2, 3 MASS

Solas ch. III Reg.17-1

1. All ships shall have 

ship-specific plans 
and procedures for 
recovery of persons 

from the water, 
taking into account 

the guidelines 
developed by the 

Organization.

SOLAS 

III

Reg. 17-1

amending 

existing 

instruments
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MSC 103(‘21 May)

1. To amend existing instrument

2. To develop a new instrument
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1. Definition of MASS

2. Terminology

3. High-priority 

common gaps and 

themes

4. Non-mandatory 

instrument

Source: IMO document MSC.1/Circ.1638 “OUTCOME OF THE REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS)”

Development of  

MASS Instruments
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3.13 The terminology for the purpose of the RSE 

was agreed to at MSC 99 (documents MSC 

99/22, paragraph 5.27 and MSC 99/WP.9). 

References to degrees of autonomy in this 

document refer only to the definitions considered 

within the scope of the RSE and do not prevent 

potential future definitions that should be 

discussed at the later stage.

The definition of MASS can still be applicable 
since the human intervention of the automated 

ships is ultimately unnecessary.

Source: IMO document MSC.1/Circ.1638 “OUTCOME OF THE REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS)”,  
MSC 100/20/Add.1 “Report of the Maritime Safety Committee on its one hundredth session”, Annex 2, Appendix 2 “Plan of work and procedures for the regulatory scoping exercise”, 
MSC 104/15/36 “Comments on documents MSC 104/15/17, MSC 104/15/25, MSC 104/15/26 and MSC 104/15/29”
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?

Remain

Re-evaluate

OR

However,
Severe loopholes exist within the original

Thus,
The degrees of autonomy should be 

re-evaluated

Analysis of Issue
Top Priority Issue
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Degree One Ship with automated processes and decision support: 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.

Degree Two Remotely controlled ship with seafarers on board: 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.

Degree Three Remotely controlled ship without seafarers on board: The ship is 

controlled and operated from another location. There are no seafarers 

on board.

Degree Four Fully autonomous ship: The operating system of the ship is able to 

make decisions and determine actions by itself.

1. Unclear roles of the seafarers and crew!

(Degree Two)
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Degree One Ship with automated processes and decision support: 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.

Degree Two Remotely controlled ship with seafarers on board: 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.

Degree Three Remotely controlled ship without seafarers on board: The ship is 

controlled and operated from another location. There are no seafarers 

on board.

Degree Four Fully autonomous ship: The operating system of the ship is able to 

make decisions and determine actions by itself.

2. No clear distinctions

between degree three and four in their regulation!

(Degree Three and Four: unmanned ship)
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Degree One Ship with automated processes and decision support: 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.

Degree Two Remotely controlled ship with seafarers on board: 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.

Degree Three Remotely controlled ship without seafarers on board: The ship is 

controlled and operated from another location. There are no seafarers 

on board.

Degree Four Fully autonomous ship: The operating system of the ship is able to 

make decisions and determine actions by itself.

3. No concept of remote maintenance!

(Degree Three)
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4. Only considered the navigation system

Who handles the engine system?

In the case of degree 3 and 4, an electronic machinery 

capable of remotely control would be needed for the 

automation of engines.
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The New Requirements of 

the Degrees of Autonomy and 

IMO Instruments for MASS Operations

Proposal
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The concept of 1) navigation and 2)engine 
maintenance was introduced in new standard 

of the degrees of autonomy!

Degree One

Ship with automated processes and decision support: 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.

Degree Two

Partially Autonomous Navigation Ship: The ship could have autonomous

navigation, but seafarers are onboard to operate and control the ship, with a

remote operator on another location ready to support. The seafarers are

responsible for maintenance of equipment (ex. engines), management of cargo.

Degree Three

Autonomous Navigation Ship: The ship could have autonomous navigation, or

could be remotely operated from another location without the intervention of on

board seafarers. Remote operators are responsible for the control and operation of

a ship. Seafarers are on board to handle maintenance and emergencies.

Degree Four
Fully Autonomous Ship: The operating system of the ship is fully autonomous

with maintenance of the ship handled remotely. Remote operators are ready in

case of emergencies and no seafarers are on board.

Degree One

Ship with automated processes and decision support: 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.

Operational Requirements - Degree One

Seafarer onboard Yes

Navigation By seafarer

Ship maintenance By seafarer

The role of the seafarer Participating in the overall operation of the ship, including 

operation and maintenance

Degree Two

Partially Autonomous Navigation Ship: The ship could have autonomous

navigation, but seafarers are onboard to operate and control the ship, with a

remote operator on another location ready to support. The seafarers are

responsible for maintenance of equipment (ex. engines), management of cargo.

Operational Requirements - Degree Two

Seafarer onboard Yes

Navigation By system - supported by remote operator

Ship maintenance By seafarer

The role of the seafarer Operation and cargo management, maintenance during 

navigation

Degree Three

Autonomous Navigation Ship: The ship could have autonomous navigation, or

could be remotely operated from another location without the intervention of on

board seafarers. Remote operators are responsible for the control and operation of

a ship. Seafarers are on board to handle maintenance and emergencies.

Operational Requirements - Degree Three

Seafarer onboard Minimal

Navigation By system - supervised by remote operator

Ship maintenance Remote assistance maintenance - remote indication from the 

land

The role of the seafarer Operation and maintenance, emergency response (incidents)

Degree Four
Fully Autonomous Ship: The operating system of the ship is fully autonomous

with maintenance of the ship handled remotely. Remote operators are ready in

case of emergencies and no seafarers are on board.

Operational Requirements - Degree Four

Seafarer onboard No

Navigation By complete AI system

Ship maintenance Remotely maintenance - examination by system itself, 

remotely maintenance through robot or drone from the land

The role of the seafarer Control from the land
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Standard 

Degrees of Autonomy

MASS Code

SOLAS Convention

To effectuate MASS Code

SOLAS Chapter XV

Safety Measures for MASS Operations at Sea

1. Definitions

2. Applications

3. Requirements for ships to which this chapter applies

4. The Degrees of Autonomy

should clearly state the adoption of MASS 

Code and the requirements for its effect 

regarding MASS Operations
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Part I - Safety Measure for MASS 

Operations 

chapter 1. General
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and Electrical Installations, Fire Protection, 

Fire Detection and Fire Extinction
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and SOLAS 

Convention

MASS 

Operations
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International PerspectiveDomestic Perspective 

Efficiency

• logistics 

flow 10%↑

Eco-friendly

• minimize the 

environmental 

pollution

Safety
Economically

• operation cost 

22% ↓Global market 

scale prediction

• ‘21($80 billion)

↓ 

• ‘25($150 billion)

• accidents by 

human error 

75% ↓

56 trillion KRW → RIPPLE EFFECT

Creation of 420,000 jobs

103 trillion KRW → front back industry

Economy

accidents by human error 75% ↓

340 billion KRW annual environmental 

benefits by reducing air pollutants

Source : ROK Ministry Affairs and Fisheries, 2021

Social

Proposal
Expected Outcome - International/Domestic Prospective 
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Domestic International

MASS Operations IMO Instruments Technologies

Proposal
Expected Outcome - International/Domestic Prospective 



34

Thank You


