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Design of sliding mode control system for automatic mooring devices for vessels
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Abstract: An automatic mooring device is a novel system based on hull holding and manipulating mechanisms (instead of the
rope-based traditional method) that help in mooring a vessel. With regard to automatic mooring devices, this paper deals with a
control system for keeping stable performance in which the vessel undergoes unintended motions due to external forces. For
problem simplexity and to focus on the design of a control system, a 3-DOF sway-heave-roll dynamic model for a vessel is
considered in this paper. Furthermore, we assume that the automatic mooring device has a 2-DOF manipulator and design a
sliding mode control system that can stabilize a vessel against external disturbances. Simulations under various wind force con-
ditions, as external disturbances, were performed to verify the effectiveness of the proposed method.
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Table 1: Specifications of marine vessel for simulation

item spec
Length overall (L) 103.00 [m]
Beam ( ,) 15.60 [m]
Height (4,) 9.90 [m]
Displacement volume (V) 15.04 e+03 [m’]
Mass (m) 7.52 e+06 [kg]
Inertia (Z,) 1.96 e+08 [kg-m’]
COG distance from body frame (z.) 2.12 [m]
Transverse metacentric height ( GM,) 6.46 [m]
water density (p) 1029 [kg/m’]
air density (p,) 1.18 [kg/m’]
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Table 2: Specifications of manipulator robot for simulation

item spec
- mass (1) 120 kg
Link-1 length (L) 250 m]
(Joint-1) ; -
damping coefficient (d,) 80 kN-m-s/rad|
_ mass (1) 80 kg
Link- length (L) 250 m
(Joint-2) - -
damping coefficient (d,) 50 kN-m-s/rad
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Figure 4: Ship’s heave motions in the world frame without
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Figure 5: Ship’s roll motions in the world frame without

automatic mooring device
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