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An Automatic Berthing Control System Design Which Is Based on Learning Feed-Forward Control

by  Seiji Iwamoto, Member

Summary

In previous papers "' * * * *) | the author demonstrated the application of the learning
feed-forward control (LFFC) system for multivariable systems and the effectiveness of the
LFFC system by on-board experimental results. The LFFC system was thus confirmed to be
suitable for use as the control system since it followed the desired values and compensated
for continuous variations in wind disturbance.

In this paper, focusing on the approach and berthing control, which is one of the most
difficult problems in automatic maneuvering, the author attempts to design an approach and
berthing control system which can act as the ship operation support system. The feasibility
and the problems of this control system are discussed based on computer simulation. If
considered from the viewpoint of control, then it can be thought that approach maneuvering
is a tracking control problem, whereas berthing maneuvering is a set-point control problem.
Accordingly, it is appropriate for the control method to be changed at each maneuvering
stage. The author herein discusses whether or not the LFFC system is suitable for use as
the automatic approach and berthing control system, by itself.

The computer simulation results show that the automatic approach and berthing con-
trol system based on the LFFC system is adaptive for changes in the dynamic characteristics
of the object ship at each maneuvering stage, however, it is necessary for further improve-

ments to be made in the wind compensation system.
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Table 1 Principal particulars of the object ship

Items
Displacement W 24,742 ton
Length Lpp 175.00 m
Breadth B 25.40 m
Draught d 9.50 m
Block coefficient Cp 0.572
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Fig. 2 Root loci of the closed-loop trans-
fer function from thrust of the bow
thruster to heading angle (U =1
knot)
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Fig. 3 Block diagram of automatic approach and berthing control system based on the LFFC

system
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FBO : k, = 1.47 rps/knot

FB1 : k, = 16000 kg. Tp = 150 sec

FB2 : kp = —389 kg/deg. Tp = 200 sec
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Fig. 5 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD, under no disturbance

T 1H——TF—F—
P i il o—r— | 10 u
5 2 L : . o ‘ f : :
=1 = 5 : o 5 Wihd
2 q =] : . : I . : Vo ol \\
: T - GWD=15~ ‘
0 \ |
o
o
: ©
: >
0
40 0
) —~-20
%0 FE T ?,0
(1] ; - : -80 Y With igter
0 500, (sec)1000 1500 0 500, (sec)1000 1500 ) e 5

Fig. 6 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD, under wind disturbance (Vi p = 30knots, ©®wp = 135°)
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Fig. 7 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD and LFFCWD, under wind disturbance (Vivp = 30knots, ©wp = 45°)
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Fig. 8 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD and LFFCWD, under wind disturbance (Vv p = 30knots, O@wp = 135°)
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Fig. 9 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD and LFFCWD, under wind disturbance (Vw = 30knots, Owp = 225°)
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Fig. 10 Follow-up ability with respect to the desired values, manipulated variables, and trajectory
with LFFCD and LFFCWD, under wind disturbance (Viv = 30knots, Owp = 315°)
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