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Automatic Berthing Control Practically Applicable under Wind Disturbances
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Ship handling during berthing is considered as one of the most sophisticated tasks for the ship operators to face
in every voyage. The presence of environmental disturbances make the situation far complicated, especially when
the ship approaches to a pier at low speed with reduced manoeuvrability. Therefore, several research studies have
been done to bring the automation in ship berthing. Among them, artificial neural network (ANN) as a controller
has been found to be the most successful by many researchers as it suits best to deal with any multi-input
multi-output system like berthing. However, the successes of previous research studies using ANN for berthing
under wind disturbances were very limited and none of those studies focussed on creating consistent teaching
data, i.e. teaching data of similar pattern, which is very important to ensure the effectiveness of trained
controller. Thus, the main intention of this thesis is to improve such shortcomings and to make the automatic ship

berthing practically applicable under wind disturbances.

The dissertation contains the details of the thesis that are organized into nine chapters and summarised as

follows:

In Chapter 1, several research studies done in the field of automatic ship berthing are briefly introduced to know
the current status of this research. The contributions as well as shortcomings of such research studies are
discussed to find out the possible ways to improve the results. The importance of creating consistent teaching data
for ANN controller is presented, which is a new era of thinking to increase the robustness of the controller. To
deal with the wind disturbances with reduced manoeuvrability, the control strategy used in this thesis is briefly

explained.

In Chapter 2, the manoeuvring mathematical model is discussed. In this thesis, a modified version of
mathematical model based on MMG is used for describing the ship hydrodynamics in three degrees of freedoms,
which are surge, sway and yaw motion. This MMG model can predict both forward and astern motion of ship for
any particular rudder angle and propeller revolution. In case of forward motion, the hydrodynamic coefficients are
determined by curve fitting through the captive model test results for drift angle, 8 =20° to -20°. On the other
hand, the reversing mathematical model is prepared by considering a larger drift angle. Then, several turning
and speed tests are conducted to verify the predictability of the manoeuvring mathematical model for Esso Osaka
3-m model ship, which are quite satisfactory. This chapter also mentions about the Fujiwara wind model and the

Davenport spectrum to create the gust wind disturbances.

In Chapter 3, the creation of consistent teaching data by utilising nonlinear programming (NLP) for minimum
time course changing manoeuvre is discussed. Then, using the repeated optimisation technique, a new concept
named ‘virtual window’ is introduced. The ‘virtual window’ in this thesis denotes a safety window that ensures a
ship with any particular heading, passing through its desired position to reach a given reference line well ahead
by taking the calculated optimal rudder angle. Then, the ship follows that line to go for further decent according
to the speed response equation and makes successful berthing. The importance of considering the wind effect
during low speed running is discussed elaborately and as a feedback controller, PID is proposed to use to keep the
track along with the reference line after course changing. By combining such course changing and track keeping
trajectories, a set of consistent teaching is created. Using such consistent teaching data, training of two separate

multi-layered feed-forward neural networks are mentioned for rudder and propeller revolution outputs,
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respectively considering Lavenberg-Marquardt algorithm as training function and mean squared error (MSE) as

an evaluation function for each case.

In Chapter 4, several simulation results are included for the ship with particular initial heading starting from its
desired point on virtual window as suggested by the optimal method. Different gusts for same average velocity as
well as gusts from eight different directions at 45° interval are investigated to judge the effectiveness of the
proposed controller. A small modification in the rudder restriction for the proposed PID controller is mentioned
for track keeping under severe wind condition. Later on, to judge the robustness of the controller, arbitrarily
selected points are also tested for possible berthing results. Monte Carlo simulations are performed to generate
the arbitrary initial conditions and the frequency distribution of the success indexes are plotted to know the

success rate of the proposed controller under gust wind disturbances.

In Chapter 5, the implementation of the trained networks in the free running experiment system is discussed.
Then, the ship berthing experiments are performed for desired starting point and the results are gathered into
some groups depending on the similarities in controller’s behaviour or resulting trajectory pattern. Several
experiments done for the arbitrary starting points within the constructed window are also included in this
chapter. The results show the controller works effectively up to wind 1.5 m/s for Esso Osaka model ship, which is
15m/s for full-scale ship considering the same Froude number. This 15 m/s is also considered as maximum limit to

get the permission for berthing under windy condition in most ports of Japan.

In Chapter 6, the possible causes of network’s behaviour during such experiments are investigated considering
the effect of initial conditions as well as wind disturbances. This type of analysis is very important to understand
the range of applicability of the ANN controller while facing any unknown and unexpected situation. Similar
approach for analysing the network’s behaviour can demonstrate the inherent knowledge of trained ANN in any

case. By this way, the user can have a fair idea of the network’s behaviour well before execution.

In Chapter 7, the crabbing motion under wind disturbances is discussed. In this thesis, the final goal point of the
proposed controller is set at a distance 1.5 times of ship length from actual pier to ensure safety. Therefore, the
PD controllers for automatic tugs assistance or side thrusters are mentioned for the final alignment of the ship
with the actual pier. By combining the ANN-PID controller to guide the ship up to a temporary berth and
automated thrusters to finally aligning the ship with actual pier, several simulations are done for maximum
allowable wind disturbances from different directions. The controllers are also tested for different experiments’
end conditions. However, the effectiveness of the combined controller is judged by simulation only. Experiments

need to be conducted as a future work of this thesis by using the air fan on board.

In Charter 8, a waypoint controller based on fuzzy reasoning is discussed to guide the ship from its current state
to a set point on virtual window or nearby it. In the presence of wind disturbances, to do it manually is extremely
difficult. Therefore, in this thesis, the similar fuzzy rule for collision avoidance is used, but instead of collision
risk, the nearness to the waypoint is reasoned. Then, the proposed ANN-PID controller is activated to guide the
ship for berthing purpose. Several experiments are done to judge the compatibility of these two controllers and

the results are included in this chapter.

In Chapter 9, all concluding remarks are mentioned while using the proposed controllers for automatic ship

berthing under wind disturbances.
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