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Abstract of Thesis

This thesis explains the mechanism and effectiveness of broaching-to prevention using global
optimal rudder control with the covariance matrix adaptation evolution strategy (CMA-ES). It
then proposes a real-time control strategy for prevention of broaching-to by adapting the Ott,
Grebogi and Yorke (OGY) algorithm used for chaos control. The effectiveness of the real-time
momentary state-feedback approach in irregular waves is shown using a probabilistic approach
called the critical wave method. The research provided much-needed insight into the broaching-
to prevention mechanism and strategies. The outcomes combined with wave prediction
technologies could lead to developing an autopilot capable of handling broaching-to scenarios.

Chapter 1 provides the literature survey, which covers the basic understanding of the
broaching-to phenomenon, the importance of broaching-to prevention, and previous research on
broaching-to prevention. The research objectives, its contributions, and an outline of the thesis
are also provided.

Chapter 2 presents the fundamental theories used in this research for nonlinear dynamical
system analysis with examples from the broaching-to perspective and provides an
understanding of optimal control, optimal global control, and evolutionary algorithms.

Chapter 3 describes the time-domain manoeuvring numerical simulation model in detail. It
includes the details of the subject ship, coordinate system, sign convention, assumptions,
reasonings, and formulae used for the numerical model. The numerical simulation study was
carried out using a 4 degrees of freedom (surge-sway-yaw-roll) model in regular waves. The
model considered the rudder and propeller as the control surfaces or actuators. The practical
limitations of the actuators were also taken into account.

In Chapter 4, the optimal rudder control using CMA-ES was applied to the maneuvring
numerical model, and simulations were carried out for the quartering wave conditions at high
Froude numbers. Two different mechanisms to prevent broaching-to and its effectiveness were
identified using the stability analysis of the surf-riding equilibria and the time domain
simulation.

In Chapter 5, to overcome the high computation time required by CMA-ES, the OGY
approach was adapted as a momentary state-feedback controller using the linear quadratic
regulator with both rudder and propeller as the actuators. A parameter termed the ‘vicinity
parameter’ was used to evaluate the proximity of the system to the saddle point. The robustness
of the method to modelling uncertainties was checked using a controller model that neglects the
nonlinear terms in calm water manoeuvring forces and the relative position of the ship's centre
of gravity on waves.

In Chapter 6, the effectiveness in irregular waves was analyzed focusing the broaching
probability in the North Atlantic, combining a linear stochastic local wave theory and nonlinear
deterministic simulation study.

In Chapter 7, the research outcomes are summed up.
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