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Outline

1. Whyrisk assessmentis needed
2. What to assess

3. How to assess
e Process overview
e Preparation
e Analysis, evaluation, measures, and reassessment

4. Documentation and use of results

e Certification, functional requirements, and later-stage
assessment

-> Based on the MEGURI2040 Stage 1 and Stage 2 safety
assessment projects, this presentation outlines key
viewpoints and the overall process for safety assessment of
future autonomous ship operations.
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Why Risk Assessment Is Needed for Autonomous Ships

e Real projects revealed gaps in stakeholder understanding
m Vague expectations and concerns about “uncrewed ships”

m A more realistic path: gradual development from operational
support

e Risk assessment provides a practical tool for visualising shared
understanding and explaining safety

How safety is
How the y

i q recovered _,
SyStem IS Use > What harm \“\_—/ L
g - N
N/ may occur
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Risk as a Tool for Explaining Safety

e Safety is generally treated as freedom from risk that is not tolerable
= Not freedom from all risk
e Whatis risk? > How likely it is that something we want to protect
may be lost
= What do we want to protect?
e Human life and health
e Environment
e Property
m Riskis often expressed as: Severity X Frequency

e
>4
. References: ISO/IEC Guide 51; IMO FSA Guidelines, MSC-MEPC.2/Circ.12/Rev.2 4
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Risk as a Tool for Explaining Safety

e Assessed riskis judged against acceptance criteria

e IMO FSA uses the ALARP principle to —
judge risk acceptability and justify
additional measures

e |ntolerable
e ALARP

e Broadly acceptable

cceptable

Acceptable, if made ALARP

(Broadly) Acceptable

ALARP principle (Source: IMO FSA Guidelines,

e Equivalent safety may be explained by Aopondix 5, Fig 2)
comparison with conventional ships

e Ifriskis not broadly acceptable:
e Intolerable: additional risk reduction is required
e ALARP: further reduction should be considered

~\ %8 References: ISO 12100 Safety of machinery—General principles for design—Risk assessment and risk reduction;
¢ .W"@ IMO FSA Guidelines: MSC-MEPC.2/Circ.12/Rev.2
% o0

1 . i
=~ NMRI ALARP: As Low As Reasonably Practicable
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What Should Be Assessed?

e Differences from conventional ships raise safety concerns

e Much of the ship remains unchanged
m Existing safety measures still apply

e Key differences arise from automation systems, e.g. ANS'
m Added functions: perception, decision-making, and action
m Changed operations: use, monitoring, and termination

= New conditions: use, termination, and handover -~ an_system

role allocation
changes

\’\/’\_/
e Risk assessment focuses on these new or changed risks

»
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A
MﬁT mgg TANS: Autonomous Navigation System; MASS Code, MSC 111/WP.9 Annex 1.
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How to Assess: Process Overview

e Safety assessment proceeds in parallel with design and construction
m Requirements, functions, and role allocation are clarified as design

progresses

m Risk assessment activities are conducted and updated at each design

stage

Requirements |

» Operational test

definition
e\ A
Basic design |« » System test
B\ A

Integration test

\ 4

Detailed design [«

Implementation

(a) V-model of the development process
(Source: Prepared with reference to IPA, Software Test
Estimation Guidebook, Figure 2.1)

% L
=% oV

Here, “risk analysis” refers

collectively to target
[jit ]
definition, hazard
Preparation of documents (4.1) | . . pe . .
| N |.dent.|f|cat|on, risk
| Preparation of analysis (5.1) | est|mat|0n, and related

| rocesses :
| Consensus on analytical conditions (5.3) | p '\—/
|

| Performing analysis and assessment (5.4) Detailed Design

Recommended
; 55) safety measures | Preparation of documents (4.2) |
Preparation of a report (5.5 | ;
| .areuncorpc_-ratm:l I If necessary
in the detailed
design. | (Preparation of analysis (5.1)) |
| If necessary Recommended
| (Consensus on analytical conditions (5.3)) | safety measures
are |nc0fp0rated
I in the final

| Performing analysis and assessment (5.4) |- detalled design.

| Preparation of a report (5.5) |

(b) Workflow for risk analysis
(Source: Risk analysis procedure for MASS FY 2023 Edition, prepared
under MEGURI2040, Figure 3.1)
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Risk Analysis Procedure for MASS

e Key points covered: s iU

2040227 | IS gttachment Report of the MEGURI2040 Safety Assessment

m Stepwise application from design to Rk s prcee e MASS

FY 2023 Edition

ConStrUCtion Japan Ship Technology Research Association
= Analysis conditions o S
= Review team and communication e ;

2.1 Target ships of this mamwal ..

p ro C e S S 22 Target nisk analysis of this mamual. ..o

23 Definition of terms....

B An a lyS i S a n d eva lu atio n m eth O d S 3. Outline of risk analysis pmoedm s

= Example documents Pﬂ%ﬁim%mimi =
= Publicly shareable examples were o P o
prepared based on Stage 1 full- 2 e o
scale ship experience: 2 ship types e — -

X 3 operation types D Cu

L T S 14

e Autonomous shi P S ———— mﬂm

Append.lxlApncucalexampl of risk analysis on a phase II autonomous s ]J.l.p S

e Demonstration trial of an e ———————

. OmOIOUS SHIP . 131
Appendix 3. A practical example of risk analysis on a phase 11T autenemous ship_.._.__.__..._.252
uncrewed ship S —————

—
Ly ¢ W@Uncrewedshlp
~ K Py

mperaT NMNMRI
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Preparation for Analysis: Defining the Assessment Target

e Specify differences from conventional ships

m Even the same function may be used differently depending on the

goal

m Clarify the intended operation, required functions, and role

allocation

Goal @ Functions = Role Allocation » Scenarios @ Risk Assessment / measures

Operational methods differ depending on the goal

Reduce steering tasks
by following a crew-
approved route

Verify functions and
safety measures before
commercial
introduction

¥

Autonomous ship
_ with crew approval

sip

mperaT NMRI

\
8

Reduce lookout and
steering tasks through
autonomous offshore

navigation

Dl

Demonstration trial
of an uncrewed ship

o

Uncrewed ship with
autonomous offshore
navigation
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Preparation for Analysis: Specifying the ConOps’

. (a) Example of ConOps (Source: Selected excerpts adapted from:
e Specify and document the Risk analysis procedure for MASS FY 2023 Edition, Appendix 2,
intended operation as the Table 1.1,
p @ Autonomous navigation methods
C O n C e pt Of O p e ratl O n S Autonomous navigation of a ship equipped with this feature 1s performed by taking over the tasks
from the onboard crew on the sea route within the assumed conditions of use and turning on the
(ConOps") e S
eature upon having the onboard crew confirming the operation.
° Completing the autonomous navigation along the sea route within the assumed conditions of use
. H OW a n d W h e n A N S I S u S e d and hanging over the tasks to the onboard crew completes the extent of autonomous navigation. If
. the ship leaves the ODD during its route, even within the assumed conditions of use, autonomous
. | n te ra Ct I O n S a m O n g SySte m navigation 1s stopped by handing over to the onboard crew.”
e le m e ntS @ Means of monitoring relevant feature
The sensor information collected and integrated into the present feature, the prepared action plan,
M and the position of the ship within the ODD are constantly provided to the onboard crew by the
= Response outside the ODD e he postion of e ship il oy provied o "
icated monitoring device on the ship.
Autonomous ship with Uncrewed ship trial Uncrewed ship: autonomous
crew approval offshore navigation
A Offshore / coastal / remote- Trial area Offshore
rea island routes
ANS ¢ Follow the voyage plan
functions e Plan and manoeuvre according to traffic and conditions
Human e Crew approve manoeuvring |’. Shadow personnel monitor |(° Crew take over when leaving
roles plans and override if needed the ODD
7\ Oba
ﬂ .W"@ ConOps: Concept of Operations (MASS Code, MSC 111/WP.9 Annex 1; Itoh & Matsuoka (2024): Exploring ConOps
% o0

e NMRI Prototypes for Initial Risk Assessment of Autonomous Ship Operations, PSAM17&ASRAM2024) 10
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Preparation for Analysis: Conditions and Role Allocation

e Organise the functions, operational methods, and conditions
needed to realise the ConOps

(a) Example of human-automation role S
. . . - Voyage plan (given)
allocation description ol
- Information on own ship, other ships, drifting objects, marine
weather conditions and ship action plans
Autono- | Infor Infor- Infor | Ship con | Autono- | Onboard " Stabus nfovematice of cach sysborm o senaor
- QDO (ghves
mous | mation | mationin- | mation | trolsys- | mousop- | crew 06 {ghen) -
. . = ~ - Appeave/revise the action plan
ship integra tegration | integra tem eration Sttt s stwaing erale
Task | steering | tionsys- | systemfor | tion sys- manage-
Approveresise th ti il
system zmifT il sy ment sys- Control mode switching surveilance action plan SR':E");:“ artianplan
own ship | ships/drift- | marine tem. instruction
ine obi eath AUTONAMALS Cperation Management ship steering system
ing objects | weather system oyage plan (given)
G (1) - Infarmation on cwn ships, other ships, -Performance of own ship (given)
= (2) Sur- drifting objects, marine weather conditian, . Information on own ship
operation Switch- ship action plans |Status of awn Ship__ | information an other ships and drifted obiects
veillance - Statusinformation of sach spstern and and action plan ‘mation on marine westher conditions
phase ing P for switching nperation phase {given]
DD {given | Orasn Sy ETem SLatus
(1) Ac- - Control made switching insmuctions Establish action plan action plan
. . Diagnose own status - Operation phase changeover (normal navigation
Obtaining quiring e + berthing)
T —*|_ Diagnase pwn status
infor- and inte- (2) Sur- 4
mation on grating veillance Ship control system
. Ouwn status, Ship action plans
own ship infor- rudder/engine status |- Owm ship position
Cran ship Rudder/engine contral information
. status, sensor stitus - status of rudderfengine
b) Example of ODD for the automation system sy
Informatian on othes N Calculate centrol variables baced
Marine weather siigs/diiingabjects,  "ormationon Qunstip | owmship n ship action plans
conditions, an o skatus, senuor status :;r""‘,‘l i i ine contral
- - status, sensor | irifting Dlagnose rudderfengine status
Marnne area conditions s | : abjects - Diagnose own status
. . - - Intarmation integration systam far Information Integration system for Information integration system Contral
Navigation zone Designated ship course other shipsdrifting objects foc om Rudderfengine
PO tion, LOG, speed, &Lc. of olher Poston. 006, statis
. R ) ) . . e ships/drifting objacts Drwen system st Rudoer E" e I
Waters within a departing/ar- There shall be occupied waters necessary for change of direc- Marine weather condition O syste satus Sersor siatus
= = farecast information Sensor status Integrate information on cwn
— : : - Own system status -Integrate mation on other ships ship
rving harbor tion in the harbor: 3 L of occupied waters . Sensar status anr it objerts - Dlagnose coun status
b Integrate of the information on Diagnose own status Diagnose sensor status
marine weather conditions - Diagnose sensor status -
[ Sensor

- Magnose own status

Waters around a departing/ar- | There shall be occupied waters necessary for departing from

- Diagnose sensor status sensar ton data
& acquisition data
riving the berth or arriving at the berth: 0.5 L of occupied waters sensor
Degree of congestion Low Congestion: Up to 8 ships within a 3 NM range

) ) ) ) No non-ATS equipped ships or obstacles that the system can- .
Ships not equipped with AIS (c) Example of system architecture

not detect: No dangerous obstacles of less than 1 m m size

within 500 m

and obstructions

f‘?’_\j &) Source: (a)-(c) Selected excerpts adapted from Risk analysis procedure for MASS FY 2023 Edition under MEGURI2040, Tables

A .QQ 1.4 and 1.6; Appendix 2, Figure 1.1 11
merat MNMRI ODD: Operational Design Domain; MASS Code, MSC 111/WP.9 Annex 1
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Agreeing on Analysis Conditions in Advance

e Harm types: Life, environment, and/or property
e Metrics and criteria: frequency, severity, risk, and Tolerable / ALARP thresholds
e Whether to reassess after risk reduction measures
e Review team: mainly experts on the target system and operation
(a) Example definition of FI.
FI Frequency Definition F (per ship year)
7 Frequent Likely to occur once per month on one ship 10
3 | Reasonably probable | Likely to occur once per year in a fleet of 10 ships 0.1 _
3 Remote Likely to occur once per year in a fleet of 1,000 ships 107 1 S;\.-em ty Index il] 2
1 | Extremely remote |Likely to occur once in the hifetime of a world fleet of 107 FI | Frequency Minor Significant Severe Catastrophic
5,000 ships 7 Frequent 8 -] 10 11
6 } 7 8 9 10 Risk must be
5 RE,:;E:;E'" | 6 7 8 9 reduced.
(b) Example definition of Sl. a L _S__| s 7 8
SI Severity Effects on human safety Effects on shup S (:E:l:;lﬁ:::ll fa- 2 Remot : — _l':_ - ~ _:_ ; : II-';:E-I(S{E:?C&F:
1 Minor Single or minor injuries Local equipment 0.01 1 E’,.‘;’;g}i"’ E 2 3 a4 1| 5 :I_co_nsﬂer_ed_ =1
2| Significant Multiple or severe injuries Nou-s::jf;p dam- 0.1 JNO I’ISk reductlon necessaw
3 Severe Single fatality or multiple severe m- be\'er:gd;nm ge 1
iuries (c) Example criteria setting
4 | Catastrophac Muluple fatalities Total loss 10

744

NMRI

Source:

(a), (b) Adapted from Risk Analysis Procedure for MASS FY 2023 Edition under MEGURI2040, Tables 5.1-5.2; based
on the IMO FSA Guidelines; (c) adapted from Figure 5.1.

12
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Analysis and Evaluation: Identifying What Can Go Wrong

e |dentify hazards'
m Define the situation
m |dentify hazards

m Check causes,
conseqguences, and existing
safeguards

e Indexrisk

m Frequency and severity of
harm

e Whether risk is within the
acceptable range

'Can be performed using methods such as SWIFT, FMEA,
STPA and SMB-HAZID.

Sources: ClassNK Guidelines for Automated/Autonomous
Operation on Ships, Ver. 2.1, 2025; Risk analysis procedure
for MASS FY 2023 Edition, prepared under MEGURI2040.

7% L,
= o0

mperaT NMNMRI

Example: Analysis and Evaluation for an Autonomous Ship

Situation
Berthing/unberthing

Hazard
Emergency manual takeover error

Causes

e Mode-switching failure

e Crew unfamiliar with switching
e Distraction/ time pressure

Consequences
e Abnormal approach to quay/ships/shallow water
e Collision, grounding, capsizing/sinking

Existing safeguards
e Mode-switching manual
e Crewtraining Risk indices

Sl =severe~> 2
FI = 1/ship-year > 6
RI=8

Within acceptable range?
RI =8 = Reduction required

13
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Measures and Reassessment

If risk reduction is required:
|dentify additional barriers
m Reassessrisk, considering

barrier type and number

e Equivalent safety

m Compare Fl as the main

e L

Example: Analysis and Evaluation for an Autonomous Ship

Additional measure
e Establish crew training method

RI=7

Reassessment
Sl =severe » 2
FI=1/10 ship-years > 5

Within acceptable range?

md'Cator Rl =7 = Further reduction should be considered
Sheet ID: 2 /Key MEGURI2040 issues \
Phase: Berthing/unberthing (a) Example HAZID Worksheet * Use conditional estimates for individual scenario
frequencies
D Hazard Causes oG Existing T . Sfet hum‘an error rate§ based on task characteristics and
Safeguards (before) display/interface design
oI | FI | RI * Avoid overestlmatlglbarnelr ef‘flects /
Onboard crew L—
E73.1
Abnormal
et o fprcathtone
Emergenc berth/ships/sha o
C73.2 Crew « Switching - .
73 y manual unfamiliar with llow water_ _ manual >le Crew training method 215 Recommendation: manage
takeover o E73.2 Collision, - crew workload and staffing
switching + Crew training
error : . contact
C73.3 Distraction / !
time pressure grounding,
capsizing, and
sinking

Source: (a) Simplified and adapted from Risk analysis procedure for MASS FY 2023 Edition, prepared under MEGURI2040,
Appendix 2, Table 1.8.

14
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Documentation and Use of Results

Main contents of the report Key functions
Target definition
e System definition To functional requirements
e Assumptions e.g. input to goal-based functional
¢ Concept of operations requirements in the MASS Code

Analysis results

Information basis for regulatory discussion
e | Hazards, causes, and

consequences
o | Existing safeguards Key safeguards
e SI/Fl/Rlindices and

evaluation * Relationship between key functions
e | Additional measures and safeguards
e | Reassessment after measures ‘ . Validity and transparency of

| \ frequency estimates through
s = organised estimation methods
* |tems for further confirmation
e.g. simulation-based assessment

% { Explanatory material for certification
- o0y 15
meat NMRI
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Summary

e In MEGURI2040, we have developed a risk analysis procedure and
underlying concepts for systematically conducting risk assessment
as part of safety assessment for autonomous ships

e Risk assessment does not simply determine whether a ship is “safe
or dangerous”; it systematically identifies and organises the
conditions leading to harm, role allocation, scenarios, and risk
reduction measures (barriers)

e The results are carried forward to later-stage assessment, such as
simulation-based assessment, and also serve as supporting
evidence for certification and functional requirements

e The developed risk analysis procedure provides an explainable
basis for safety assessment toward social implementation and
regulatory development
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