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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 3
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e MUNIN : Maritime : Autonomous Waterborne :

: Applications :

| | e AUTOSEA : Sensor

: | Fusion and collision

: : avoidance for advanced
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| |

e ReVolt

Navigation through
Intelligence in
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e OneSea : Finnish
ecosystems for
autonomous maritime
transport
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e ACTUV : ASW(Anti-
Submarine Warfare)
Continuous Trall
Unmanned Vessel

e ChinaUnmanned (2012~2017)

Cargo Ship
Development Alliance
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Background - Necessity for IMO Instruments for MASS

F o o a1
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| |
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Standards ITelecommunication ITU 11 Hydrographic %%, “Organizations forlso “Electrotechnical
e )

| Union 4 11 Organization 17" I |Standardization ! I Commission
p——
Industrial  |3GPP IALA ¥ RTCM . NMEA
3rd Generation International ‘ Radio RTC M National
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Pcr’:l(;jgstrs P . Lighthouse " Commission for - Electronics :
Authorities Maritime Service Association "
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Trends in the IMO - Progress of Discussion

('\1455(33;) The need for guidelines and regulations for the use of MASS emerged.

MSC 98 Agreed upon "Regulatory scoping exercise for the use of Maritime
(‘17. JUN) Autonomous Surface Ships (MASS)" (~2020)

MSC 99 Started to develop a framework for the RSE and defined the aim, the objective,
(‘18. MAY) the preliminary definition of MASS and degrees of autonomy.

\ksie ool Approved the framework for the RSE, which contained definitions, a methodology
(‘18. DEC) consisting of a two-step approach and a plan of work and procedures.
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Trends in the IMO - Progress of Discussion

MSC 101 Developed and approved Interim guidelines for MASS trials.
(‘19. JUN) (MSC.1/Circ.1604)

ISWG/MASS Considered and agreed on the result of the 1st step of the RSE,
(‘19. SEP) and commenced the 2nd step.

MSC 102 Owing to the COVID-19 pandemic,
(‘20. NOV) MSC 102 deferred consideration of this matter to MSC 103.

MSC 103
(‘21. MAY)

Finalized the RSE and approved the outcome.
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Expectation of Development for MASS Code

6 PRIORITIES FOR FURTHER WORK _ Planned activities nd result

Thus, a new instrument for MASS
operations is expected to be developed.

Table 6: Addressing MASS operations in IMO instruments under the remit of the

Maritime Safety Committee
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Analysis of Issue

1. RSE for the Use of MASS

2. The Methodology of the RSE
3. The Outcome of the RSE

4. Top Priority Issue
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RSE for the Use of MASS

MSC 100/WP.B
Annex, page 1

J— Regulatory Scoping Exercise(RSE)

FRAMEWORK FOR THE REGULATORY SCOPING EXERCISE

Al

1 The aim of the regulatory scoping exercise is to determine how safe, secure and

environmentally sound Maritime Autonomous Surface Ships (MASS) operations might be The Work to identlfy measures

addressed in IMO instruments.

oviociive that might arise when the existing

2 The objective of the regulatory scoping exercise on MASS conducted by the
Maritime Safety Committee is to assess the degree to which the existing regulatory framework

e e o S e Do s e iind conventions are applied to MASS,
e e o ety s e, i Ao Sutace as a preliminary work to develop
e intemational standerd requiafions
s i sotomstes promesses o socotos ot for the use of MASS.

Seafarers are on board to operate and control shipbocard 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 V4 RSE
seafarers on board.

\

\

7 \
,/ Framework °{

Degree four: Fully autonomous ship: The operating system of the ship is able
to make decisions and determine actions by itself.

5 The abowve list does not represent a hierarchic order. It should be noted that MASS
could be operating at one or more degrees of autonomy for the duration of a single voyage.

Instruments

[ The list of mandatory instruments related to maritime safety and security to be
considered as part of the regulatory scoping exercise is set out in appendix 1. These
instruments should be reviewed on a regulation or rule level. Subsidiary mandatory
instruments established under each parent instrument should also be considered to the level
necessary to establish how they will be affected.

IZMECVIDDNWFMSC 100-WIF.E docx

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) “ 12
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The Methodology of the RSE

Ship with automated processes and decision support: Seafarers are on board to

| Degree One I 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. J

| e e

Remotely controlled ship with seafarers on board: The ship is controlled and operated
Degree Two from another location. Seafarers are available on board to take control and to operate the
shipboard systems and functions.

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

DEgr=e lr=e | operated from another location. There are no seafarers on board. J

—_———t ——— e ——————

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

| Degree Four determine actions by itself.

Source: IMO document MSC 100/WP.8 ‘REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS) 13
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The Methodology of the RSE

MSC 100/WP.8
Annex, page 2

7 The review of mandatory instruments should be prioritized. In instruments containing
both mandatory and non-mandatory parts, non-mandatory parts may be considered as part of
the regulatory scoping exercise, when deemed necessary, to oblain a complete understand ing
of how the mandatory provisions are affected in order to address MASS operations (g

Convention and Code).

Type and size of ships
I oo dnandiitendsstladians 1St step: Identification of provisions in IMO instruments
[Methodoloay A. apply to MASS and prevent MASS operations; or

a ~ As a ﬁratl step, the regulalory_ scoping exercise will identify prd ) )

MO Insiruments which, 2s currenty craftec: B. apply to MASS and do not prevent MASS operations and require no
A A apply to MASS and prevent MASS operations; or .
2 B apply m MASS and do not prevent MASS operations ang aCtIO nS; Or

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

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

4 D havenoapplcation to MASS operations. to be amended or clarified, and/or may contain gaps; or
D. have no application to MASS operations

10 Once the first step is completed, a secong
determine the most appropriate way of addressing
inter alia, human element,” technology and operatiof

A i equivalences as provided for b g
interpretations; and/or . .
2 N amending existing instruments; andior Second step: Analysis of the most appropriate way
S b developing new instruments: or |. equivalences as provided for by the instruments or developing
4 v none of the above as a result of the analysis. ) )
11 Appendix 2 provides the template to be used to guide the documentatiol Inte rp retatlons; an d/or
and, if necessary, present the results of the first step of the regulatory scoping exs| . . . .
Plan of work and procedures . amending existing instruments, and/or

;gpendian_plan of work and procedures for the regulatory scoping exercise is . developing neW InStrumentS; Or
none of the above as a result of the analysis

Refer to reselution A B47(23), Human element vision, principles and goals for the Organizatiol

IMSCU0MMWPWMSC 100-WP_8.docx

Source: IMO document MSC 100/WP.8 ‘REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS) 14



Analysis of Issue o mmssie
The Methodology of the RSE

2 20 IMOZ3]

A%/ The Mock IMO Assembly

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

olas ch. lll Req.17-

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.

-
apply to MASS and
prevent MASS
L operations

apply to MASS, do
not prevent MASS
operations

\

developing new
instruments

~
none of the above

4 as a result of the
analysis )
First step: Second step:
MASS degrees Instrument identifying instrument analysis

P2
<

&
<

A\ 4
A
y

>
>

A\ 4
A
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The Outcome of RSE
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IMO Instruments

The most appropriate way(s) of

addressing MASS operations

Degree of Autonomy One Two Three Four ing
SOLAS chapter Xl \Y \Y \Y vV
| Degr| soLAs chapter X1V YA IV v
SOL/ csC Code v | v IV v |
CSS| ESP Code \% \Y IV \% 1l
vV vV vV vV
Il Cc FTP Code
Gra Polar Code \ A \Y \% F
ralll Lsa code v | v v Vi -
INF ¢ 15Mm Code v | v IV v (I
IS C(| ISPS Code \% \% \Y \Y
Stan( Standards for the evaluation of scantlings of the
main| transverse watertight vertically corrugated Ml
cove bulkhead between the two foremost cargo holds \Y vV Y \Y
and for the evaluation of allowable hold loading of —
the foremost cargo hold
L Standards and criteria for side structure of bulk I/ I/ IV v o

Source: IMO document MSC.1/Circ.162

carriers of single-side skin construction

Table 5: List of low-priority instruments

16
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The Outcome of RSE

MSC.1/Cire. 1638
Annex, page 14

Issue Planned activities and result
1 | Consideration of a holistic approach to MASS operations in IMO instruments
Development of a goal-based MASS | Consideration on how to develop a new Devel 0 p m ent Of
Instrument MASS instrument and draft amendments
to the licable inst nts th h
lo the applicable nstruments throug MASS Instruments
Definition of MASS Consideration on the need o revise

definition andior degrees and if revision
is deemed necessary, agreeing on the

definition andfor degrees
Terminclogy for MASS operations in the IMO | Consideration on  the need of

regulatory framewaork supplementing  terminology, and if
deemed necessary, agreseing on such
terminalogy

High-priority common gaps and themes in | Consideration
relation o MASS operations and |IMOs | common gaps an
regulatory framework:
- Meaning of Master, crew or
responsible person
-  Remote control station/centre
- Remote operator designated as
seafarer
Mon-mandatory instrument Consideration of the development of
guidelines for MASS operations such as
guidelines for installation and guidelines

Righ-priofity

| 1. Definition of MASS

2. Terminology

Table &6: Addressing MASS oparations in IMO instruments under the remit of the
Maritime Safety Committee

7 REFERENCES TO THE MATERIAL PRODUCED BEFORE AND DURING THE RSE

WO documsnts 3. High-priority
;;me:dlﬁt:g;m::gla reference to IMO documents published before and during the RSE | C O m m O n g aps an d

The MASS module of GISIS

7.2 All detailed information. including analysis by the volunteering Member States and
comments made by IMO Members have been recorded in the MASS module of GISIS.
This web platform is connected to the IMO web accounts, providing access to registered IMO
Members only.

LACroMSCHMSC. 1-Cine. 1638 docx.

Source: IMO document MSC.1/Circ.1638 “OUTCOME OF THE REGULATORY SCOPING EXERCISE FOR THE USE OF MARITIME AUTONOMOUS SURFACE SHIPS (MASS)”
17
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Top Priority Issue

MSC. 1/Circ. 1638
Annex, 5

The definition of MASSican stilbbe ‘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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Top Priority Issue

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 bel

unsupervised but with seafarers on board ready to take control.

However,
exist within the original

Thus,
The degrees of autonomy should be
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Problem Analysis

1. Unclear Roles of the Seafarers
2. Unclear Application of Regulations
3. No Concept of Remote Maintenance

4. Absence of Autonomous Mechanisms

20
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Unclear Roles of the Seafarers

Degree One

Ship with automated processes and decision support: Seafarers

I _areon board to operate and control shlpboard systems and functlons

1. Unclear roles of the seafarers and crew!
(Degree Two)

m— — — COTTO UTTETT GO T T TTU (T2 UTITE (T 0T | TETE JTETiU=ST areTs
| on board.

S

Degree Four Fully autonomous ship: The operating system of the ship is able to
make deC|S|ons and determine actions by itself.

21
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Unclear Application of Regulations

YA )\ VY.

_1Degree One_  Ship with automated processes and decision support Seafarers

2. No clear distinctions

between degree three and four in their regulation!
(Degree Three and Four: unmanned ship)

____.I.___' __________________

Degree Four Fully autonomous ship: The operating system of the ship is able to
make decisions and determine actions by itself.

22
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No Concept of Remote Maintenance

YA )\ VY.

T = .
I Degree One I Ship with automated processes and decision support: Seafarers
are on board to operate and control shlpboard systems and functlons

3. No concept of remote maintenance!
(Degree Three)

———OTTTT UM A MO D PTTT e UM T UTITET 1 TS UTTET 1 T afTTTU TSt AT
| on board.

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

make decisions and determine actions by itself.

23
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Absence of Autonomous Mechanisms

¥_____ > \\___AS

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.

24
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25
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New Standard of the Degrees of Autonomy

- - - - - - "-"-"re-e-"""""="-="-"="""=""=""="=="/""=7=""="="="=""=""=717

The role of the seafarer | Control from the land

Y - — — ——— oo oo oo oo S o=

I I

l I

- I

Operational Requirements - Deqree Four [

Seafarer onboard No :
Navigation By complete Al system [
Ship maintenance Remotely maintenance - examination by system itself, [
L - - remotely maintenance through robot or drone from the land - — =
I

I

I

I

I

| Fully Autonomous Ship: The operating system of the ship is fully autonomous |
Degree Four |with maintenance of the ship handled remotely. Remote operators are ready in I
I case of emergencies and no seafarers are on board. I

27
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Requirements for IMO Instruments - SOLAS Chapter XV

SOLAS Chapter XV
Safety Measures for MASS Operations at Sea

Definitions

. Applications

Requirements for s ode and the requirements for its effect

regarding MASS Operations
. The Degrees of Au it
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Requirements for IMO Instruments - MASS Code

Degree One

The International Code for MASS
Operations at Sea

Ship with automated processes
and decision support

Table of Contents

J Preamble W

Partially Autonomous Navigation

[ Introduction BEYTES T Ship
1. Goal
2. Definition
3. the Degree of Autonom Ll L L
4. Structure of the Code e
BN IS I . .. — Degree Three Autonomous Navigation Ship

1 Part | - Safety Measure for )' Operations
e e e e |

1 Part Il - Remote Operation for Navigatio
e e e e s e T 7,

1 Part lll - Remote Operation for Machinery Degree Four Fully Autonomous Ship
= B B R R R R B

|
a Part IV - Fully Autonomous Ship

29
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Part | - Safety Measure for MASS
Operations

chapter 1. General

chapter 2. Construction - Ship Structure, Machinery
and Electrical Installations, Fire Protection,

Fire Detection and Fire Extinction

chapter 3. Life Saving Appliance and Arrangements
chapter 4. Radiocommunications

chapter 5. Safety of Navigation

chapter 6. Cyber Security

chapter 7. Manning and Training

i’&-i-‘ ED' lMO'E:TE[

#/ The Mock IMO Assembly

Team MASSive

Requirements for IMO Instruments - MASS Code

Part Il - Remote Operation for

Navigation

chapter 8. Remote Navigation i

-
chapter 9. Remote Control Center/Station

Part Ill - Remote Operation for
Machinery

chapter 10. Electronic Machinery
=

chapter 11. Remote maintenance for Machinery

Part IV - Fully Autonomous Ship

chapter 12. Al Operation System PR

chapter 13. Autonomous Machinery System

30
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Expected Outcome - International/Domestic Prospective

scale prediction
‘21($80 billion)

!
25($150 billion)

2 e e 1
| ! |
| . . \ | . . : |
| Domestic Perspective /D*“ , International Perspective e |
| | I |
| ! |
| ! |
: © 56 trillion KRW — RIPPLE EFFECT : A :
| © Creation of 420,000 jobs I . 1 : |
| O 103 trillion KRW — front back industry I Effl(_m_ency % Ec.offr.lendly |
| | ° logistics minimize the
| | flow10%7 environmental |
| I pollution |
' N a5 T
| _ l 1 |
| O accidents by human error 75% | I Safety |
| © 340 billion KRW annual environmental I accidents by _ Economically |
| benefits by reducing air pollutants | human error operation cost |
| I 75% |  Global market  22%] |
| ! |
| ! |
| ! |
| ! |
| l |

Source : ROK Ministry Affairs and Fisheries, 2021 a7
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Expected Outcome - International/Domestic Prospective
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