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Abstract : Identifying the eflect of turning characteristics on collision avoidance for Maritime Autonomous Surface Ships (MASS) can
provide a key to avoid the collision of MASS. The purpose of this study was to derive a method to identify the eflect of turning
characteristics, which can be changed by various rudder angles and the ship’s speed, on collision avoidance. The turning circle was
observed using a mathematical model of a 161-meter-long ship, and it was analyzed that the turning circle had an eflect on collision
avoidance through numerical simulations of collision avoidance for four collision situations of two ships. The evaluation results using the
two variables, the minimum relative distance between two ships and the minimum time at the minimum relative distance, demonstrated
that the rudder angle has a major influence on the change of the minimum relative distance, and the ship’s speed has a major influence
on the change of the minimum time. The evaluation method proposed in this study was expected to be applicable to collision avoidance
as a measures in remote control of MASS.
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Fig. 1 Concepts for the evaluation of turning characteristics
affecting on the collision avoidance
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Table 1 Particulars of model ship

Particular Description

Type of vessel Fast cargo vessel

Length overall(m) 161.0

Maximum beam(m) 23.17

Design speed(knots) 20.0

Design rpm 105

Type of rudder Semi balanced rudder on horn
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Fig. 2 Scenarios to test the effect of turning characteristics
affecting on the collision avoidance.
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Fig. 3 Observed turning circles by numerical simulation.
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Fig. 4 Visualization results for Scenario 1(speed, 5 knots).
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Table 2 Mean(standard deviation) of minimum RD(meter)
according to the 4 scenarios and 4 speeds

vl V2 v3 v4
s1 119.91 116.75 112.97 110.64
(50.28) (48.42) (46.37) (44.89)
52 134.63 130.79 127.73 124.68
(55.93) (53.84) (52.01) (50.30)
33 183.66 180.70 176.47 173.60
(69.82) (68.18) (66.17) (64.60)
s4 302.06 299.93 296.81 294.73
(88.68) (87.63) (86.39) (85.36)

S1, Scenario 1; S2, Scenario 2; S3, Scenario 3; S4, Scenario
4; v1, 5 knots; v2, 10 knots; 3, 15 knots; v4, 20 knots
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Table 3 Mean(standard deviation) of minimum time(minute)
according to the 4 scenarios and 4 speeds

vl v2 v3 v4
s1 12.03 6.02 4.01 3.01
(0.02) (0.01) (0.01) (0.00)
52 11.83 5.93 3.95 2.97
(0.06) (0.03) (0.02) (0.01)
33 11.35 5.68 3.8 2.85
(0.22) (0.11) (0.07) (0.05)
sS4 8.74 4.39 2.94 2.21
(0.67) (0.33) (0.22) (0.16)

S1, Scenario 1; S2, Scenario 2; S3, Scenario 3; S4, Scenario
4; v1, 5 knots; v2, 10 knots; v3, 15 knots; v4, 20 knots
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