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Relax Regulation

Ssubsidy

For prototyping

Subsidy

@
For R&D [

Manufacturer

R&D Activities }E] 4

+ ATRL; = 1 (r; + bix;) Investment strategy
aj .
Technology l . Profit +
Readiness + .
Manufacturmg}E]
Experience +
+ .
Operatlonalﬁ N :
c :{ z max(ax; ™, 1) —Z}CO Experience @j i
i=B,N,M :
P= max Pini; ; - x; 7P Ol < >E
- i=B,N,M Ship !
+ - i ™ Building |
.. Product Accident ratio '
Benefit Cost k’Rj + |
Ship owner
Policymak i} - -
3 0|cyma.er Shlp a
g Subsidy T — + Adoption i

Adoption policy

Modelling approach

Output

Accident

Disaggregated by age and type

i Ship Scrap

* Annual ship demand and the average ship
year is externally given.

* Assume Panamax Bulk carriers and their
average operational cost and duration.
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m BELIA : BEER (Berthing) , MifT (Navigation) , fin{k-#E9E54R (Monitoring) ZA8ED
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Technology type, level and example

Technology Type Level Example of technology and equipment 1)
Berthing Full Visual Sensors, LDR / LRS, Weather Buoy, Autonomous Tugboat, Automatic Mooring
Semi LiDAR, Shore Control Center (SCC), Situation Awareness
Navigation . _ . o .
Full Efficient Scheduling, Motion Control, Collision Avoidance
Monitoring Full Machinery & Hull Sensors, Shore Monitoring Center (SMC), Digital Twin

1) Devaraju et al., International Conference on Computational Logistics. Springer, Cham, 2018.

Ship configuration and each technology type. (0: Not automated, 1: Semi-autonomous, 2: Fully autonomous)

Technology Type NONE B N1 N2 M BN1 BN2 BM N1M N2M BN1M  FULL
Berthing 0 2 0 0 2 2 2 0 0 2 2
Navigation 0 0 0 1 2 0 1 2 1 2
Monitoring 0 0 0 2 0 0 2 2 2 2 2
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BERFEIEH (AD: Architectural decisions)
AD Description Option1 Option?2 Option3 Option4
AD1  fEBhE (BERREE) For R&D activities + Adoption + Prototyping
AD2  BH (BURAEH) As-is Relaxation
Covering all Focusing on Focusing on Focusing on
AD3 RANE (REF) technologies Berthing Navigation Monitoring
AD4  RFEELEE (inE) Safety oriented Profit oriented
FH@#EEE (PM: Performance Metrics = Figure of Merit)
No. PM (Goal) Description Misc

PM1 E AKRFHA

PM2 #]%t-ROI

PM3 &4
PM4 fRE

The year of the first unmanned ship is adopted
(The year of the first autonomous ship is adopted)

Amount of industrial profit during simulation period
(or ROI of investment or subsidy)

Highly autonomous ship will be
introduced by 2025 (MLIT)

Assume as a difference from the
conventional ship

Amount of possible maritime accidents during simulation period

Total Number of Seafarers

The appropriate set of weights will be discussed among stakeholders. (By using the simulator)
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Simulation Setting

Item Decision
Subsidy for R&D (USD/year) 5M
Subsidy for Adoption 0
(USD/year)
Subsidy for Prototyping 0
(USD/year)
Regulation (minimum TRL) 8
Investment Strategy All
Ship Owners’ assumed accident 3AM

loss (USD/case)

Number of Seafarers [people]

mm NaviCrew

EngiCrew
| ™ Cook

Num of Seafarer

10
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00
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Simulation Results

Item Result
Full Autqnomous Ship 2045
introduction (year)
Total Profit (USD) 1458M
Total Investment for R&D
(incl. Subsidy) (USD) 260M
Total Subsidy (USD) 130M
ROI (Total) 5.6
ROI (Subsidy) 11.2

*{ —— Berthing

J Monitoring

Profit (USD/year)

_mmm accident_berth

Number of ships for each sutonomous level

- onE NavigationE &t
| mmm N1 |
“1 —m

]

[ ]
o |

-

—— Navigation

TRL

200 2098 2010

Number of Expected Accidents [num of accidents)
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Number of Accident
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Multi Agent Simulation for Maritime Autonomous Surface Ship (MAS for MASS)
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Simulation Result
(Trajectory, Speed, Rudder etc.)

B 5IE

A

MAS for MASS

Time Integral: 4th Runge Kutta

(DT: 1[s])
A

Evaluation
(Safety: CJ Factor, Efficiency:
Estimated FOC)

EfNDIHDIV-IVEIRET,

4

v

Scenario Setting

v

Shlp In|t|aI position

_} N
. |

External Constraints
(weather, geography, ship
initial position etc.)

i )

7 O ] g , T

~ i b 4 W >

[~ I N G g w o,
74 ..T i _. \ .. = 4 i

4 h m “ i \

Fig. 1 Imazu problem
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Controllable Constraints
(Rules, Infrastructure etc.)

[Ilmazu, 1987]




Multi Agent Simulation for Maritime Autonomous Surface Ship (MAS for MASS)

B Efind B E#E e (IRTLERAD - M7 - HIE) HIOMAEOZEEN ERBELIAAMMET )V EHEE,
u %nbd)ﬂ’ﬁh‘?—tf?&x%f TEDBAIRMA TECNDILE, MIPYRTFMEREEE L CHERD.
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Ship Configuration Setting

Sensing Module
ancti'onal performance of Localization and Simulation Result L 'Evaluation. o
Situation Awareness (Trajectory, Speed, Rudder etc.) - (SafetyE.s(;iJn::tc;cgrl,:(E)@l)cIency.
Planning Module _ .
Dynamic Window Approach (DWA) :

Preference Model [Nakamura and Okada, 2019] v Shlp Initial position
DQN Based Model Scenario Setting | Tl T2
Controller Module i e e

Heading Control (PID control) MAS for MASS A I
Spec Time Integral: 4 Runge Kutta External Constraints ' s b g z\ PN
LOA, Beam OT1s) . s, Gy, Sl | | gt . - \
Dynamics (Maneuverability) Congt. in initial position etc) Fig. l‘pm
Nomoto Model (KT Model) [Nomoto, 1957] the wRld (imazu, 1987]
. . Shi Shi Ship | Controllable Constraints | _
Rule and Mechanism Design 1 P 2p Xp Eonst. on (Rules, Infrastructure etc) |
Speed limit individualsL___________o
Limitation of minimum rudder angle
Establishment of a dedicated route
Two-way communication environment etc.
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B GIE - Z S FEXN
(Localization)

A 4

(B Rt ER%N0)

A 4

fibfin 32 A0

(Situation Awareness)

A\ 4
= R
ERRE

(Preference Model)

il 10
(PID)

fiafte D iE Ef

REDFRNERFERE

WIS HEES

GNSS etc.
QZSS

ECDIS etc.

RADAR, AIS etc.
LiDAR, (IR)Camera
VDES

Planning Module

Auto Pilot + Rudder etc.

DPS + Thruster

(—EREA - EARETH)

THEEM FBE)

IEC61108-1IZHEWLTEREIN TSI E (L DGPS D IEFHRZHALNT
10m (95%) (44, 2016)

IR IEDGPSEFIAE T LLIMIEE DR E TRIE A 8E.
(http://mogist.kkc.co.jp/word/08566dbb-44f0-4e33-95ab-4f32a7468544 .html)

» Typical Tracked Target Accuracy (95% probability figures)

+ Relative course degrees: 3 ° (3min: prediction) etc.
Hi7T) IEC 62388

- BENIE-ZERA (Localization)

o {BARERAN0 (Situation Awareness)
 HI{E (Control)
BREDTFERMEZERT BHDF -8 -
1VTIDBEANRETSINTNS
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B BEAGIE - BEERA (Localization) , fufREY40 (Situation Awareness) , & (Control) OEEZZ{LIH,
TTANOYIAL-VaVTREI1-ITKROONZFEE (REEM) %51,

—R (MEEES 12— LRI RFESEM)

Case Localization Situation Control
Awareness

1 0.1 0.001 0.002 :

2 0.1 0.001 0.01 2507 ¢ 4 ? ¢ ' be & g , ' A AR H

3 0.1 0.001 0.05 . . B

4 0.1 0.005 0.002 N . ¢

5 0.1 0.005 0.01 o

6 0.1 0.005 0.05 200 A —e ‘

7 0.1 0.025 0.002 —_ ) ® s . ¢

8 0.1 0.025 0.01 £

9 0.1 0.025 0.05 ™ . c o2 2 H 2

10 0.5 0.001 0.002 2 150 4 - I 2 -8
11 0.5 0.001 0.01 S *3 . - 4
12 0.5 0.001 0.05 % ¢ B - 4
13 0.5 0.005 0.002 © ¢ M N | @ * 3 : s
14 0.5 0.005 0.01 £ ) > : '’
15 05 0.005 0.05 2 100 - 3 'y 3
16 0.5 0.025 0.002 = o $ - ’
17 0.5 0.025 0.01 S o . o

18 0.5 0.025 0.05 . e ® 23
19 25 0.001 0.002 50 - s . s by
20 25 0.001 0.01 e . 4
21 25 0.001 0.05 - ’
22 25 0.005 0.002 ) e, "

23 25 0.005 0.01 . ®
24 25 0.005 0.05 0 g . B
25 25 0.025 0.002 : . . , . .
26 25 0.025 0.01 1234567 8 9101112131415161718 192021222324 2526 27
27 2.5 0.025 0.05
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B VHUARKFEMITEZEELEREVEROYFUA
28 (572MRE no. 19) (52 1987]

B BRIV IV ALEEMEBORRZI-IELEET
Jl/jd-fiﬁJﬁﬁ[Nakamura and Okada, 2019] .
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Ship specification Parameter of planning module
LOA (m) 106 Wdcpa (m) 300
Beam (m) 16.2 Wtcpa (s) 300
K (s) 0.05 Speed (knot) 0-12
T (1/s) 50 Course (degree) -60 - +60
TE (s) 2.5 Predict Interval (s) 3.0

a, (-) 1.0

a, (-) 0.2

Case 7
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Stakeholder Needs Figure of Merit
Shipping Accidents
Company Safety [times/year]

Shipbuilding .
Company Economy Profit [USD/year]
Equipment Quality of service Internal Shipping

Manufacturer for general public Routes

Classification
Society

Certified crew
needed [person]

ormnhigy

Bernil

EDEHOETIDHEAEDHE
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i | | Auto Navigation
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: - Situation Awareness
! - Control
Rules and Policy Design
Infrastructure ‘ ‘ =l Dec;ision
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