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Abstract Autonomous ships primarily navigate via autonomous navigation systems, with remote
operators intervening in critical situations. Such interventions typically occur in urgent collision
avoidance situation, where understanding the ship's maneuvering capabilities is essential. However, in
a remote operation involving multiple ships, ascertaining the precise maneuvering range of a single ship
is challenging. Hence, research using maneuvering data employs ship models. However, the
model-based approach is required to apply each environment factor separately and to process heavy
computing. This study proposes a model to estimate the collision avoidable area based on the ship's
recent operational data. The methodology involves deriving the minimum turning circle and estimating
ship maneuvering parameters. The proposed model is expected to help prevent collisions during urgent

remote operations by providing an accurate estimation of the feasible collision avoidable area.
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[Fig. 1] Research workflow.
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[Fig. 2] Picture of target model ship.
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Algorithm 1 : Altering Brute—force simulation

simulation_result < [ ]
FOR (ALT_acc, ALT_max) IN (all_combination) DO
sim_time — 300
start_course < 0
speed « ship's_current_speed_per_second
u + sin(deg2rad(start_course)*speed
v < course(deg2rad(start_course)*speed
r—05 x+<0y~0
start_state — [x, y, u, v, 1]
ship_state_history < [start_state]
state < start_state
FOR time TO sim_time DO
x_goal «— x+utsin(deg2rad(45)*speed
y_goal < y+utsin(deg2rad(45)*speed
goal_state < [x_goal, y_goal, u, v, rl]
ideal_vel — get_ideal(state, obstacles)
candidate_vels < get_candidate(ideal_vel, state, goal_state)
altering_vels — get_alter(candidate_vels, ALT_acc, ALT_max)
final_vel < get_closest(altering_vels, ideal_safe_velocity)
state < update_State(final_control_velocity)
APPEND state TO ship_state_history
END FOR
APPEND ship_state_history TO simulation_result
END FOR
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[Fig. 7] Turning circle Brute-force simulation.
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(Table 1) Brute-force simulation result

Generated Turning circle |Estimated Turning circle
(sec) (sec)
90 degrees 58 61
180 degrees 120 116
270 degrees 194 194
360 degrees 270 277
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