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(2) HAZOP (HAZard and OPerability Study)
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(4) STAMP/STPA (Systems-Theoretic Accident Model and Processes/System-Theoretic Process
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SUMMARY

Executive summary: This document provides an outline of draft guidelines for Maritime
Autonomous Surface Ships (MASS) operations mainly related to
SOLAS requirements, which would ultimately become a part of a
mandatory goal-based instrument. The structure and elements
contained in the proposed guidelines are also expected to facilitate
discussion on the development of a road map for its finalization

at MSC 105.
Strategic direction, if 2
applicable:
Output: 2.23

Action to be taken: Paragraph 21

Related documents: MSC104/15/26, MSC104/18; MSC 105/7; MSC.1/Circ.1638;
LEG.1/Circ.11; FAL/ISWG/MASS 1/4 and FAL 46/14

Background

1 The Maritime Safety Committee, at its 103rd session (MSC 103), completed the
“Regulatory Scoping Exercise (RSE) for the use of Maritime Autonomous Surface Ships
(MASS)". The background and outcome of the RSE is set out in MSC.1/Circ.1638.

2 Taking into account the outcome of the RSE, MSC 104 considered the proposed way
forward to address MASS operations in the IMO regulatory framework and agreed to a new
output on “Development of a goal-based instrument for Maritime Autonomous Surface Ships
(MASS)". The Committee also agreed that the finalization of a road map, which includes a
scope, steps and timelines for the work, would be the first step under this agenda item and
that the development of instruments could be initiated at MSC 105, time permitting.

3 Similarly, work has been done by other Committees to realize MASS operations.
LEG 108 has approved the outcome of the RSE (LEG.1/Circ.11) and, for the approval at
FAL 46, FAL ISWG MASS has finalized its RSE with identifying a possible way forward for
addressing MASS operations in IMO instruments, including the FAL Convention

(FAL/ISWG/MASS 1/4).
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Non-mandatory instruments, as an intermediate step

4 As presented in table 6 of MSC.1/Circ.1638, MSC 103 identified "the development of
non-mandatory instrument" as a part of a possible way forward in addressing MASS operations
in IMO instruments under the remit of this Committee. Paragraph 6.3 of the above circular also
states that the establishment of interim guidelines for MASS may be beneficial for ensuring
safe, secure, and environmentally-friendly operations of MASS at an early stage.

5 Given well-established procedures, the time required for amendments to existing
mandatory instruments (e.g. adoption by the Assembly for COLREG amendments, the
four-year amendments cycle of SOLAS) and the on-going and planned MASS projects, it
seems that the development of non-mandatory instruments is a reasonable intermediate step
to provide guidance on MASS until the adoption of a mandatory instrument.

6 Such non-mandatory instruments would include the following two types, and both are
inevitable to realize safe, secure, and environmentally-friendly operation of MASS:

A instruments (Type 1) which contain provisions to be reflected in a goal-based
mandatory instrument, i.e. MASS Code, and have similar structure to the
Code; and

2 instruments (Type 2) which provide detailed technical requirements

(e.g. performance standards, method of verification, etc.) to facilitate MASS
operation and development at an early stage and/or support the consistent
and unified implementation of the Code in the future.

7 The co-sponsors believe that both types of non-mandatory instruments above would
contribute to the ultimate goal under this agenda item; namely, the development of a MASS
Code and its successful implementation. Since experience on MASS operation would be
gained with such non-mandatory instruments from an early stage, it is expected that the
framework for MASS would become more robust through a review and that the development
of a mandatory MASS Code could be accelerated.

8 In order to facilitate operation and development of MASS as early as possible, the
co-sponsors would suggest to start with considering the basic Guidelines first and, to facilitate
the discussion, have prepared an outline of draft Guidelines for MASS operations as set out in
annexes 1 (Table of contents) and 2 (Outline of part A) to this document, corresponding to a
possible non-mandatory instrument of Type1 in the above paragraph 6.

9 In addition to the above, the co-sponsors believe that it would be beneficial to
formulate a common understanding regarding the possible contents of the instruments before
such instruments are developed. In this regard, the proposed guidelines, especially the table
of contents, could contribute to the development of a roadmap, which is the most urgent work
at this stage and is expected to be finalized at MSC 105, as an example of a possible structure
of the instruments allows the Committee to specifically discuss what kind of work is necessary
to achieve the ultimate goal of developing a mandatory MASS Code.

10 The draft guidelines are based on a goal-based standard framework mentioned in the
Generic guidelines for developing IMO goal-based standards (MSC.1/Circ.1394/Rev.2) in that
the proposed guidelines consist of goal and functional requirements and are supported by
technical requirements.
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Goal-based guidelines for MASS operations

11 As mentioned above, goal and functional requirements for a ship in the proposed
guidelines are applicable to MASS, irrespective of design, technologies and automated levels
basically, and developed in anticipation of future reflection in the MASS Code. This approach
allows a clear and long-standing regulatory framework for the safety of MASS, while embracing
the introduction of emerging and evolving new MASS technologies.

Table of contents

12 As shown in annex 1, the draft consists of a preamble and the following five parts,
considering existing goal-based instruments, such as the International Code of Safety for Ships
Using Gases or Other Low-flashpoint Fuels (IGF Code):

A Part A includes definitions, goal and functional requirements, and general
requirements for MASS, and corresponds to Part A of the IGF Code
(annex 2);

2 Part A-1 includes rules and regulations for ship design and arrangement

and specific systems and/or equipment, and corresponds to Part A-1 of the
IGF Code for detailed provisions for LNG fuel;

3 Part B includes verification methods and certification;

4 Part C includes drills and emergency exercises, and corresponds to
Part C-1 of the IGF Code; and

5 Part D includes training, and corresponds to Part D of the IGF Code.
Current scope of the proposed guidelines

13 The proposed guidelines, at this stage, focus on requirements for design, installation
and operation of a MASS and its automated systems and remotely operated systems, relevant
to the SOLAS Convention. This is to start the development of rules where possible.

14 It is expected that necessary updates to the detailed rules and requirements relevant
to COLREG (navigation rules) and STCW (training, certification and watchkeeping for
seafarers) and other provisions relevant to SOLAS, not covered by this document, will be
addressed through the addition of new provisions to the proposed guidelines or amendments
to each Convention separately. As for associate guidelines and guidance for a goal-based
instrument, these need to be developed taking into account the whole regulatory framework of
MASS.

PART A: Goal and functional requirements for MASS

15 The draft Part A in annex 2 mainly addresses the goal and functional requirements
for MASS. The goal is to provide for the safety of MASS and the functional requirements, which
are irrespective of design, technologies and automated levels, are needed to provide the
criteria to meet this goal. In setting them, it would be important to clarify operational concepts,
determine operating conditions for a MASS under which the ship is specifically designed to
function, and ensure that an appropriate response is executed when it is not possible for a
MASS to stay within its operating conditions (fallback response). It should be noted that the
concept for such operating conditions may be applicable to autonomous systems (automated
systems and remotely operated systems) and used in other parts, but the goal and functional
requirements in Part A are for a ship and, hence, the operating conditions mentioned in this
part are for MASS.
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16 While it is expected that the draft text for the goal and functional requirements for
MASS would provide a clear view on a possible framework for a MASS Code, further
consideration and refinement are necessary.

Further work

17 At this time, this document just provides a table of contents and a draft outline of
Part A set out in the annexes and, therefore, further consideration for these parts is necessary.

18 It is also obvious that other sections than Part A should also be developed. With
regards to Part A-1 (specific requirements for MASS and its autonomous systems) and Part B
(verification methods and certification), additional proposals will be provided at future sessions
of the Committee, if there is progress.

19 Detailed technical requirements, such as performance standards and detailed method
of verification (such as the combination of sea trials and simulations), which are not covered
by the proposed guidelines as of this moment, are also necessary to be considered in order to
support the smooth implementation of the proposed guidelines, and hence the future MASS
Code. As both requirements to be included in a mandatory instrument and its supporting
guidelines and performance standards, etc. are inevitable, consideration should be given in a
holistic manner with common views among IMO members.

20 It should be noted that verification requirements to be included in Part B, supported
by detailed methods in the form of non-mandatory instruments and/or recognized international
standards, are inextricably linked with functional requirements in Parts A and A-1, supported
by performance standards, and thus consideration of these issues should be done in parallel.

Action requested of the Committee

21 The Committee is invited to consider this document, especially the outline of
guidelines for MASS operations as set out in the annexes, and take action as appropriate.
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PART A
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3.2
3.2.1
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323
3.24
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PART A-1
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ANNEX 1

DRAFT GUIDELINES FOR MARITIME AUTONOMOUS
SURFACE SHIPS (MASS) OPERATIONS

CONTENTS

PREAMBLE

GENERAL
Application
Definitions
Alternative design

GOAL AND FUNCTIONAL REQUIREMENTS FOR MASS
Goal

Functional requirements

Degree of Autonomy

Operating conditions for MASS

System Safety

Human Machine Interface (HMI) and Operator Information
Safe Fallback Response

Specific requirements for MASS and autonomous systems

GENERAL

Goal

Functional requirements

Operating conditions for autonomous systems
Safety of autonomous systems
Compliance with safety navigation rules
Human Machine Interface (HMI)

Data recording

Cybersecurity

Manuals of autonomous systems

Risk assessment

AUTOMATED SYSTEMS®

Goal

Functional requirements

Regulations — General

Operating conditions for automated systems
Safety of automated systems
Compliance with safety navigation rules
Human Machine Interface (HMI)

Data recording

Cybersecurity

Manuals of automated systems

Risk assessment

Berthing system would be included.
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[PART C
9
9.1
9.2

[PART D
10
10.1
10.2

REMOTELY OPERATED SYSTEMS
Goal

Functional requirements

Regulations — General

Operating conditions for remotely operated systems
Safety of remotely operated systems
Compliance with safety navigation rules
Human Machine Interface (HMI)

Data recording

Cybersecurity

Manuals of remotely operated systems
Risk assessment

VERIFICATION METHODS FOR AUTONOMOUS SYSTEMS
General
Verification method

CERTIFICATION FOR AUTONOMOUS SYSTEMS
General
Certification

DRILLS AND EMERGENCY EXERCISES
Goal
Functional requirements

TRAINING
Goal
Functional requirements
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ANNEX 2

DRAFT PREAMBLE AND PART A OF GUIDELINES
FOR MARITIME AUTONOMOUS SURFACE SHIPS (MASS) OPERATION

1 PREAMBLE

The purpose of these guidelines is to provide interim instruments for Maritime Autonomous
Surface Ships (MASS) operation.

The basic philosophy of these guidelines is to provide non-mandatory provisions for the design,
installation and operation of autonomous systems (automated systems and remotely operated

systems) and equipment for MASS to minimize the risk to the ship, its crew, its passenger, its
cargo and the environment.

PART A

2 GENERAL

2.1 Application

Unless expressly provided otherwise these Guidelines apply to ships to which SOLAS
[chapter V] applies. In cases not clearly defined in these Guidelines, MASS should follow the
provisions of SOLAS and other existing instruments of IMO as it is done for traditional ship
operations”.

2.2 Definitions

[to be developed]

23 Alternative design?

2.3.1  These guidelines contain functional requirements for all autonomous systems and
equipment related to MASS.

2.3.2 Autonomous systems and equipment may deviate from those set out in these
guidelines. Such autonomous systems and equipment can be used provided that these meet
the intent of the goal and functional requirements concerned and provide an equivalent level
of safety of the relevant chapters.

2.3.3 The equivalence of the alternative design should be demonstrated as specified in
SOLAS regulations and approved by the Administration.

This sentence may not be necessary until this instrument become mandatory.

2 This item may not be necessary until this instrument become mandatory.
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3 GOAL AND FUNCTIONAL REQUIREMENTS FOR MASS

3.1 Goal

The goal of these Guidelines is to provide for the safety, security and environment ensure

safety during the

operations of MASS.

3.2 Functional requirements

3.2.1  Degree of Autonomy

[to be developed]

3.2.2  Operating conditions for MASS

3.2.2.1 Principles for operating conditions definitions

A The MASS manufacturer defines and documents operating conditions, under which
the MASS is specifically designed to function.

[.2 The Administration defines methods for describing elements of operating conditions
and the documentation by MASS manufacturer, necessary to enable assessment of the ship,
system, or feature [, taking into account the Guidelines].]

3.2.3 System Safety

3.2.3.1 System Design Capabilities

A

The Administration should define documentation requirements for the
autonomous systems to enable the assessment of the design capabilities of
autonomous systems for MASS.

The autonomous systems manufacturer should furnish documentation
compliant with the requirements of the Administration.

The autonomous systems for MASS should be capable of Object and Event
Detection and Response (OEDR).

The OEDR function should be designed to monitor the operating
environment as needed to operate the MASS.

The OEDR monitoring function should be capable of detecting, recognizing,
classifying, and preparing a response or taking a decision to objects and
events in the operating environment.

The OEDR function should be capable of controlling the motion of the MASS
in response to conditions in the operating environment.

The autonomous systems for MASS should be tested by the Administration
and/or Recognized organization to evaluate performance in executing
common operating tasks and to assess performance under normal operating
conditions and defined conditions representative of safety-critical situations
that arise in real-world traffic.

IAMSC\105\MSC 105

-7-2.docx

- 108 -



MSC 105/7/2
Annex 2, page 3

3.24  Human Machine Interface (HMI) and Operator Information?®

3.2.4.1 Principles for HMI-related functional requirements

A

The autonomous systems for MASS should provide the user with information
necessary to enable correct use of the system or feature thereof.

In MASS intended for control by onboard/remote operators, the autonomous
systems for MASS should allow the user to assume control of the ship
whenever conditions permit a safe transfer of control.

In cases of MASS not intended for control by onboard/remote operators, the
autonomous systems for MASS should allow for the occupant(s) to safely
interrupt a trip.

The MASS should signal its intentions for motion to surrounding other ships
in navigation area as needed to ensure navigation safety and comply with
marine traffic regulations in the area.

3.2.4.2 Information to be available onboard and required for the safe operation

A

Every MASS should have the necessary, valid, and duly formalized technical
documentation meeting the requirements of MASS use and the region of
operations. The shipowner should establish the list of documents required
for every MASS following the recommendations of the Administration.

Every MASS should be provided with the documentation required, it should
also be updated on time both in paper and electronic format, respectively.
The MASS master or remote shipmaster is responsible for all required ship’s
documentation to be onboard MASS and in the Internet information network,
its proper maintenance and safety kept both in paper and electronic format,
respectively.

Every MASS should have valid ship's documents verifying that provisions of
current international conventions, technical and fire safety requirements, due
technical conditions of the ship, safety of life at sea, prevention of pollution
from ships, safe cargo carriage, sanitary conditions of the ship and labour
safety, logbook and engine log are met.

Onboard ship's documents may be kept in electronic format to present them
in paper or digital/electronic format upon the request of the authorized
persons. A bridge, engine, radio, and medical logs of a fully autonomous ship
are carried out by the shipowner in electronic format within the procedures
established by the Administration. The logs mentioned and other ships’
documents may be kept outside of an autonomous vessel and are presented

3 The Guidelines have gathered extensive stakeholder input on potential HMI requirements for further
consideration. HMI addresses both internal (i.e. ship occupant) and external (i.e. interactions with other users
in navigation area) aspects. The stakeholder input regarding internal HMI might further be categorized under
misuse, abuse, and disuse headings. HMI functional requirements will need to balance these three
considerations. Given the expected diversity across MASS, functional requirements related to HMI should
mitigate the risks of misuse by providing clear indications of the system status and clear information
regarding system use. At the same time, the HMI should mitigate against user abuse, or intentional misuse,
of the MASS capabilities. MASS manufacturers should exercise due care in designing systems to mitigate
foreseeable risks of intentional misuse such as a wilful disregard of operator information.
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by the shipowner in electronic format in case of port state control actions and
other cases stipulated by international instruments and port State.

5 Ship Minimum Safe Manning Certificate should include the autonomy
degree of the autonomous ship. Minimum Safe Manning Certificate for a
fully autonomous should not be issued.

3.25 Safe Fallback Response*
3.2.5.1 Principles for safe fallback responses

A A safe fallback response is a response of autonomous systems for MASS or
sequence of responses to an exit from operational conditions for system to
function, a system failure, or a failure or incapacity of the onboard/remote
operator to fulfil safety-critical roles.

2 The safe fallback response of the autonomous systems for MASS may
transfer ship control to the [human][personnel] when the system has
determined that the [human][personnel] is capable of assuming control over
the ship behaviour.

3 During a safe fallback response transferring control to the onboard/remote
operator, the autonomous systems for MASS should maintain ship control
until the system has determined that the operator has assumed full control
over the ship behaviour.

4 The safe fallback response of the autonomous systems for MASS should
consist of an MRM (minimal risk manoeuvre) when the system has
determined that the onboard/remote operator is incapable of assuming
control over the ship.

5 In cases where the system determines a failure of the onboard/remote
operator to fulfil a safety-critical role, the autonomous systems for MASS
should prompt a return of the onboard/remote operator to the required state.

6 In cases where the system determines an incapacity of the onboard/remote
operator to fulfil a safety-critical role, the autonomous systems for MASS
should execute an MRM.

N The autonomous systems for MASS should execute an MRM in response to
an onboard/remote operator request.

.8 The MRM should place the MASS in an MRC (minimal risk condition) in a
manner consistent with marine traffic safety.

Depending upon the capabilities of MASS, a safe fallback response may be carried out by the operator or
the system. A safe fallback response may be triggered by a planned or unplanned ODD exit or by a system
failure. The MASS safe fallback response may be a corrective action, transfer of control to the operator, or
the execution of a minimal risk manoeuvre (MRM) by the operator or the system. The MRM places the ship
in a minimal risk condition (MRC). MRC is a condition to which an operator or MASS may bring a ship after
performing the DOT (Dynamic Operating Task) fallback (i.e. executing the safe fallback response) in order
to reduce the risk of a collision when a given trip cannot or should not be completed.
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