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Rule Design for Maritime Surface Autonomous Ship by Multi-agent Simulation

O Takuya NAKASHIMA, Rintaro RAI, Koji KIMITA, Hideaki MURAYAMA, Nariaki NISHINO (The
Univ. of Tokyo)

Abstract: International regulations for Maritime Autonomous Surface Ships (MASS) have been discussed. The requirements for MASS may
vary depending on the traffic rules and infrastructure. In this study, we proposed a multi-agent simulator (MAS4MASS) for rule design for
automated ships. The performance requirement for the autonomous functions and the contribution of communication infrastructure during

ocean voyages are quantitatively evaluated by this simulator.

Keywords: Maritime Surface Autonomous Ship (MASS), Collision avoidance, Multi-agent simulation

1 &8

RALE, BHELEHIAR (MASS: Maritime Autonomous Surface
Ship) DI ZEEAFEDE AN THEA TWS. MASS IZHG
T AIEHIEICOWTIE, B RS (IMO: International
Maritime Organisation) IZBWT [ — )L RX— 2 DIEFRT
) ofiEIch CEams D STV 528, Bk —
WIETEF > TV, MASS ZD b DK 2 ZRH
A@ ZTHERDBLRBEL—ARA Y7 F712L5T

BLS>2EZLND 7‘\_&), RRfAE 1233850 - 'JFIJHEE
FEETSORMEHBHE L vV F -V by a
L—aryiERHWE, RERLV—IILKEIDOH D xR
K92, A¥Ialb—XEfAWkr—RXX7T 4L
T, UFD220%FH L 7-.

1. BEBEDOMREESRS | RiEut oL etz
RT3 720, HIENEM O T EREEE I B E
2D T ETH

2. BIEA VT SDBEAMPIRE : Fil-id@Zo A7

L% HEDERINC B E L 58 0 REEADE
Bz oW T EHi

2 FE&

21 =

AWFZETHEEE L 722 3 2 L — & MAS4MASS (Multi-
agent Simulator for MASS) D22 % Fig. 1 IZ/RY. £
X, BERWIITHRES X CARMARES) 2 B L 22 i —
VY MEETE. ok, TR E DK
x5 2 I REETHT XY, SR D v icket

ZEHMES 5. EERZHINGHESEMOMERELEZ LD
5EITL, HYUIEID D DL — L 2T 5.

22 BENREMMDETILE

FARE, IRBLERRD (BARIRTL, HEgH, flfh o
), W GEHITRTEISRE), S CEATEIEIC&bhE 7
e i DiE) o ARHIITIKEEZ A L TH D, %
AUSTEVBETEE) 2 RS 2 L IRET 5.

%5 35 BEENHS AT A - S URI T A
(2023 #£ 1 A 22 H-23 H - KIK)

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

x

Simulation Result
(Trajectory, Speed, Rudder etc.)

v Ship Initial position
’ Scenario Setting | Hi ]

MAS for MASS : NN S
External Constraints S

(weather, geography, ship —p—— —
initial position etc.)

Time Integral: 4t Runge Kutta
(DT: 1[s)).

Const. for
world

imazu problem
[Imazu, 1987]

Controllable Constraints
(Rules, Infrastructure etc.)

Const. for
ships

Fig.1 Schematic image of MAS4MASS
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Table1 Parameter setting of each case

Function Parameter Cases
0.1 1,2,3,4,5,6,7,8,9
Localization 0.5 10,11, 12, 13, 14,15, 16, 17, 18

2.5 19, 20, 21, 22, 23, 24, 25, 26, 27
0.001 1,2,3,10,11, 12, 19, 20, 21
Situation Awareness  0.005 4,5,6,13,14,15,22,23, 24
0.025 7,8,9,16,17, 18, 25, 26, 27

0.002 1,4,7,10, 13,16, 19, 22, 25
Control 0.01 2,5,8,11, 14,17, 20,23, 26
0.05 3.6.9,12 15 18. 21,24, 27
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Fig.2 Simulation results of each case (Scenario 19)
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Fig.3 Simulation results for VDES evaluation (Scenario 5)
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