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1. Introduction

© 2024. MTI Co., Ltd. All rights reserved.



I I Monohakobi 4
Technology lnstitute h?xcROUP

Why do we need Autonomous Vessel
Safe Operation. Shortage of seafarer. Competitive advantage

Force majeure:
47 vessels: 19%

Material or structural issues:
7 vessels, 3%

o Safe Operation b g ﬁ. I 7' @

Bigger Vessel More congestion
Value of

Insufﬁciem at?gntif)n to weather ?nd - ¢ wat;::s-ls(.:(:?ing;a A Re d u C e IVI a n e u Ve ra b i I ity
iy utonomous —>Early action is important

Source: Current status of marine accidents and countermeasures, Japan Coast Guard 1

Other human factors:
9 vessels, 4%

Falling asleep during ship operation:
9 vessels, 4%

Insufficient route checking:
10 vessels, 4%

Failure in confirmation of ship location:

Vessel
Navigation Accident is Human
error about 80% Shortage of Competitive
Crew advantage
\_/

* Global seafarer shortage 8.8%, highest ever . Look out to other duty
- Eliminate the shortage of seafarers in Japan —>Avoiding Trouble due to good maintenance

(by 2040 there will be a 30% shortage of seafarers » Avoid additional cost due to big accident

compared to today)

© 2024. MTI Co., Ltd. All rights reserved.
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Our view of autonomous ship roadmap

.
NYK GROUP

Safety
improvement

g I E SN E N EEEEE SN EEEEEEEEENEEEEEEEEEN,

LevelQ LeveI1&2

Officer and rating
with high level support

* Regulation change
* Technical innovation

Target of NYK Vessel
Commercial operation

Officer and rating

no support

Conditional B-1 @

Level4

llllllll..

Conditional B-0
Target of MEGURI 2040 (Stage 2)
Commercial operation

IIIIIIIIIIIIIIIIIIIIIIIIII’

. Regulation change

8 DFFA\S*

Designng the Futue of Fuly Actonomous Ships AEEEEEEEEEEEEEESEENNEEEEEEEEEEESR l’
EAERM 7Ozt E—_l_— Target of MEGURI 2040 (Stage 1) @
M E G U R I r Demonstration only Fully Autonomous
ARl
2040@,@,@ THE NIPPON
FOUNDATION

OPEX reduction

© 2024. MTI Co., Ltd. All rights reserved. * Level 0-5, ONE SEA White Paper, Autonomous Ships Terms of Reference for Rule Development, 2022 5
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Research partner of the NYK Group in the development of autonomous vessels

technological
development

Institutions,
evaluation and
verification.

Japan

Overseas

-

MEGURI2040 (53 Partners)

Osaka Metropolitan University
Hiroshima University
Osaka University

SHI (Navigation System)
ORCA Al (Image Recognition)

DNV (Simulation technology)

\_

| MTI

( NYK Group ]

~

Ministry of Land, Infrastructure,
Transport and Tourism
ClassNK

Japan Ship Technology Research
Association

ABS. DNV. BV

LR (University of Warwick)
University of Southern California
ONE SEA

J

——

—~—~——

- The development of open collaborative research systems that incorporate both domestic and international

knowledge.

* Technology developed through open collaboration to become a global standard technology..

© 2024. M1 Co., Ltd. Ali rights reserved.
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Important View for Autonomous Vessel as shipping company

e Situation Awareness e OPEX improvement e Navigation Duty

e Collison avoidance e CAPEX impact e Total working hours

e Reduce Human error e Shift job

e Operation Design (Nav.=>Mentanance )

Domain (ODD)

© 2024. MTI Co., Ltd. All rights reserved.
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2. Concept of Test Environment

© 2024. MTI Co., Ltd. All rights reserved.
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Our development process (V-model process) S e e o
N
/Cor!\(glp-)l;lRler;efeH?erﬁgdel Loss scenario definition and Used for test plans in \
( Background and Objectives | requirements elicitation + integration testing.
quantitative evaluation through
STPA Systems development
process

Concept Whole system

Tests
____E BaS|c s Subs b__\Lstem
De5|gn Tests

Mil Test

[
I
I
I
I
I
I
I
\

Implementation
Manufacturing Sil Test

i i . , , method in
Barrier extraction through FMEA Engineering/Construction Phase Used as a test method ,

« Partnerin charge. (component level) unit testing

© 2024 MTI Co., Ltd. All rights reserved. 9
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Concept of Test Environment for ANS(Autonomous navigation System)

 Goal

o High-affinity with Model-Based Systems Engineering (MBSE)
o Performance test connecting multiple modules

o Development support for manufactures

ConOps Reference Model

( Background and Objectives )

1
Use Case Requiremen
. N
. N
. N

-,

’ )fErifiéatiQQ b Interfaces] Concept
“States Design
s Modes
Supports <

System Systems development

4
/

]
- [
STPA Leg
_____ Detailed 1 .
r \ { Design J \\L Unit Tests J /
/ S ¢
STPA ~ . Implementation
FMEA Manufacturing

Engineering/Construction Phase

© 2024. MTI Co., Ltd. All rights reserved.

4
/
Basic / Subsystem
4 Design /! Tests

-

Function modules
(Maneuvering-tasks)

\
hole system |,

process -
’/
-~ W
/, 1
Vs Tests
’
4

Autonomous Navigation Systems

Sensor Integrator

Planner

(Gathering (Integrating (make a plan Controller
. . . . . (Action)
information) information) of action)

Planning

I
I
I
I
I
I
functionl(modules) '

Performance

Test Environment

Performance
evaluation

v
Manufactures
(who create systems/modules) (]

Support for product development
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Test Environment for Autonomous Navigation Systems

* Test environment will be able to:
o evaluated for each module
o deliver MIL/SIL/HIL Simulation
o change function models and Hull models

Performance Testing Platform (= Test Environment)
Function modules
------------------------ - | - (Maneuvering-tasks)
‘a8, === mEEEEEEEEEE. - - N
:II.:‘II’-.I'I I: IIIIIIIIII. _
L] /" o~ 0 0 g g
Test [~ Sensor [ Integrator Planner Controller | Actuator Planner include integration function
Scenario - (Gathering I (Integrating (make a plan . (Simulator) APU (like a ECDIS + a
Generator [ ™ : : : : (Action) : '
a| information) : information) of action) V. !
: TN - L - T
[ N =
[ - [
| |
. . Evaluatiof] Function .
[ U - n
- : = :
EesEEEEEEESR EssEEEEEEESR

Test Environment Structure

Simulation Platform

© 2024. MTI Co., Ltd. All rights reserved.
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3. How to Check Performance

© 2024. MTI Co., Ltd. All rights reserved.
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Egmtod AEIIED Controller gl Actuator
Gatherin (Integrating (make 2 plan (Action) (Simulator] )
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Evaluation Approach(Sencer) £ e ier 3
[Interface with Navigational equipment] [Performance of camera Sencer]
Information received from navigation equipment Recognition rate of targets
Conformity of interface specifications Accuracy of labels for recognized targets
Review of the possibility of sentence collisions Accuracy of distance estimation (If available)

T F

@.®

.,
iy — WO —

'
-

Confusion matrix

4

. metrics
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Evaluation Approach(Sencer)
[Performance of Camera Sencer]

Master/ Navigation Offer would like to know
when and where the camera Sencer is

available.

Assessment using 3-axis parameter

@ Time
(2 Location
(3) Weather

v

(DPrecision @Recall

© 2024. MTI Co., Ltd. All rights reserved.

Night

Dwun
/Dusk

Day

Ocean

NYK GROUP

Proposed Performance Test Scenarios

Harbor

Evaluation Items
Detection rate
|dentification rate

* Internal integration
rate

Coastal

= & E o more.
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Evaluation Approach(Planner)

* Approach (three steps)

Performance Testing Platform (= Test Environment)

Test I Sensor
Scenario (Gathering
Genera tor - mformat\on

"H'_

Integrator
(Integrating
mformat\on

/ Planner

Controller

(make a plan (Action)

of action)

L a2

A Actuator
"l (Simulator)

Evaluation Fu:

Scope of discussion

o 15t step: Definition of evaluation requirements for each modules
o 2" step: Consideration of validation methods
3"d step: Testing and review

* Evaluation requirement

© Nature Force

Test Environment Structure

Assumptions: The planning function will pass the test if the following safety requirements

v’ action plan in considering maneuvering
v’ obstacle avoidance performance
v Performance in the nature environment (wind, wave, current)

Obs}ruction
: / Planning function criterion

——— Planning function i Output
s 7 (PASS) InputI Plan n.lng ]: (:sper::z:ial
Semee function characteristic)

Planning function
(don‘t meet requirements)

-———=p
Maneuvering

EEEEEEEE
- -
1

[Ny p E——

N

XN
A T

What scenarios should be input?

. Capability

1. Safety requwement 2. methods

lIgIILb 1ESCTveu

Planning function

check

v

criterion

3. Testing and review

e
NYK GROUP

Simulation Result
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How to make an exhaustive scenario

 Consideration with reference to initiatives in the automotive

o PEGASUS Project (Funded by the BMWi)
v'Safety evaluation efforts based on test scenarios extracted from driving data
v'Six-layer model for safety assessment scenario

Layerl Road, Terrain

Road traffic Functional i Layer2 Traffic signals, Traffic control
regulations description Layer3 Temporary restrictions
Traffic sign catalog Deiving manesiver Scenario catalogs Layer4 Obstacles .
catalog Layer5 Natural environment
' Y ' Layer6 Digital information

Formalization of knowledge
v

| J
[ Representation in ontology |
[ J
I |

\ 4
Systematic scenario generation

con

Y
Operating scenarios

ST SRR
il ™~ =l
[~ ) Human readable Computer readable o1 ﬂ
representation representation 3(‘,03 O
01101
Layering of Scenarios in “Vehicle” Layering of Scenarios in “Vehicle”

https://www.pegasusprojekt.de/files/tmpl/Pegasus-Abschlussveranstaltung/PEGASUS-Gesamtmethode.pdf
© 2024. MTI Co., Ltd. All rights reserved.
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Embodiment of scenario components

« Scenario elements: organized based on the PEGASUSU Project’s six-layer model

« The natural environment (waves, wind, currents) has a significant impact on movement
— Split layer five and add layer zero

n - Natural environment (waves, wind, currents)
Road, Terrain Navigable zone

Traffic signals, Traffic control Road, Terrain

Temporary restrictions Fish farms, Military training area, etc.
Obstacles Obstacles (other vessels, structures on the water, etc.)
Natural environment Natural environment (rain/fog/light, etc.)
n Digital information Digital information

A 8

Layering of Scenarios in “Vessel”

© 2024. MTI Co., Ltd. All rights reserved.
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Test Scenario

» Define evaluation scenarios that replicate any navigational environment

» Define Phase 1~3 by check items
— Check step by step (Ph1l-> Ph2 -> Ph3)

1 Layer O Is it possible to take into account maneuvering
performance?
2 Layer 1-4 Is it possible to deal with simple collision patterns?
3 Layer 0-4 Is it possible to make appropriate avoidance
suggestions under combined ph1,2 conditions.
WPT3 (ex.) IMAZU's Sample 19 ’ | ” v o map 8
6) WPT3 ‘ Sl ML R s
point of collision 4 g
arget
target ship \ C :
44 44 ﬁ A Aﬁ§
target Co - “ - ” -
WPT2 ) rqf ﬁ WPT> @ bho| w S
ship1 WPT1
WPT1 O .
Phase3 Scenario

; Phase2 Scenario [1] H. Imazu: Research on Collision Avoidance Manoeuver (in Japanese). 1987
Phasel Scenario [2] Y. Cai, K. Hasegawa, “Evaluating of Marine Traffic Simulation System

© 2024. MTI Co., Ltd. All rights reserved. through Imazu Problem”, 2013
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Test Scenario: Phasel

e Check point
° |s it possible to take into account maneuvering performance?

e Confirmation Method
1. Appearance of target ship on the route
2. Control the timing of the appearance of target ship
3. Verify avoidance action (simulation and review)

WPT3

' target ship

Track
WPT2
é WPT1
4 Avoiding navigation in XTD Give-up notice Intrusion into FBA of
other vessels
Phasel Scenario PASS e

© 2024. MTI Co., Ltd. All rights reserved. (Criteria for acceptance)
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Test Scenario: Phase2

* Check point
o |s it possible to deal with simple collision patterns?

e Confirmation Method
1. Reproduce Imazu’s pattern (pattern 1~22)
2. \Verify avoidance action (simulation and review)

(ex.) IMAZU's Sample 19

(l) WPT3

point of collision A

target
T~ Q

B
4

No avoidance

4 qb Sarget y F ™ W
v
WPT2 t N
taraet — 1 = .
shipl WPT1 . SR
O Ah 4h 'y
dAb 3& AAb ﬁb |
[1] H. Imazu: Research on Collision Avoidance Manoeuver (in Japanese). 1987 Avoiding navigation in XTD Give-up notice Intrusion into FBA of
[2] Y. Cai, K. Hasegawa, “Evaluating of Marine Traffic Simulation System other vessels
through Imazu Problem”, 2013 M

© 2024. MTI Co., Ltd. All rights reserved. (Criteria for acceptance)
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Test Scenario: Phase3

» Check point
o |s it possible to make appropriate avoidance suggestions under combined phl,2
conditions.
« Confirmation Method
1. Organize parameters relevant to avoidance (i.e., create scenario axes)
Make scenarios based on scenario axes
Simulation
Re-mapping and scoring of function simulation results to scenario axes
Review (Is the scenario exhaustive?, Are all scenarios passed?)

a bk owbd

interference weather
fation density conditions

Create-scenarios to fill cells

density . Hiah S imterference weather situation ‘r-‘a‘;ﬁ:i’,& cee e itions
l weather conditions level 1 conditions =iy condi

situation Sensy B ean
g = 5 = Fill the cell * = = %
situations nel,2 PASS PASS PASS PASS PASS PASS PASS
/ Score: 200 Score: 200 Score: 200 Score: 200 Score: N Score: 200 Score: N
m

m e Confirmation of result Re- F = %5 % i
. . onfirmation of results B
simulation Result mapping Score: 12 [5eo

=
i PASS PASS PASS PASS
Core: 20 Score: N | Score:200 | Scor€:200 | Score: 200

:
B
5 —_— Z e e . 2z 26 =1 23 24
Sim. \ / Cics pASS Phss PASS PASS
P Result Pass or Fail Score: 230 Score: 200 Score: 200 Score: 200 Score: 200
Scenario #N N
— Score 100 point . -
#N P pass-fail decision

Simulation result . . .
pass-fail decision & Scoring

© 2024. MTI Co., Ltd. All rights reserved.
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4. Simulation Result & Summery

© 2024. MTI Co., Ltd. All rights reserved.
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Simulation Result: Simulation Platform

Performance Testing Platform (= Test Environment)

We confirmed that: Lot
TCS function by autopilot (software) # et H '<tgt)H e Hcc;gggg;;ef » e
Speed controller function by speed pilot (FMU) 2 4 4 R4

Evaluation Function

* Realization of MIL/SIL/HIL Simulation P Scope of discussion

Y

Planner include integration function
) Exchange
. Scenarios
Test Scenario
Generator
Autopilot function (software)
Sim.Result
. | SpeedPilotController
Evaluation peedtfoth-ontroe
. =5 RefVeloctyjnol] Ref\elacity / /
Function aface Y
RS g Muammsoeedpdotc.:ryéner RpmOrder T »| RpmoOrder
[— [
Simulation Platform | B —
Test Environment Speed pilot function model (FMU)

© 2024. MTI Co., Ltd. All rights reserved.
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Summary

* For the social implementation of autonomous vessels, the NYK Group is working in open
collaboration in technology development, standards and rules support.

* NYK is committed to developing, evaluating and verifying better autonomous navigation
systems to achieve safe and efficient operations.

* In terms of the evaluation of autonomous navigation systems, work is being undertaken in
particular on the evaluation of the camera image recognition and collision avoidance
algorithms, which are new technologies, and eventually an evaluation of the entire
autonomous navigation system will be carried out.

Basic Technology Toward Social

implementation

Development

current position

© 2024. MTI Co., Ltd. All rights reserved. 24
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