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ABSTRACT OF DISSERTATION

Ocean current turbines (OCT) convert the kinetic energy housed within the earth’s ocean currents into
electricity. However, due to the harsh environmental conditions that these turbines operate in, their system
performance naturally degrades over time. This degradation correlates to high operation and maintenance
(O&M) costs, which necessitates the need for robust condition monitoring and fault detection (CMFD).
Unfortunately, OCT operational data is not publicly available in large and/or diverse enough quantities to
develop such frameworks. Therefore, from an industry-wide perspective, the technologies needed to harvest
this energy source are still in their infancy. In an effort to alleviate the reliability, cost, and data acquisition
concerns associated with marine electricity generation, this dissertation proposes three-pronged objectives: 1)
The first objective is centered around developing an OCT rotor blade imbalance fault CMFD framework that
leverages advancements in data science, signal processing, and machine learning to ensure that suitable
performance metrics can be achieved with a low enough computational cost for real-world usage scenarios. To
accomplish this first objective, the framework feeds fault features obtained from the frequency spectrums of
OCT generator power signals into a K-Nearest Neighbor machine learning classifier for imbalance fault
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detection; 2) The aim of the second objective is to improve the robustness of the framework by making it
capable of compensating for the time-varying environmental changes that occur in real-world oceanic operating
conditions. This objective is accomplished through the integration of pre-existing environmental knowledge
related to current flow speeds and turbulence intensity into the machine learning pipeline of the proposed
framework. This prior knowledge is then used to construct a physics-based loss function that alleviates
inconsistent target labeling; and 3) The last objective circumvents some of the challenges associated with the
lack of operational data in the OCT domain. This circumvention is achieved through the use of transfer learning,
whereupon knowledge gained from the wind turbine source domain is transferred over to the OCT target
domain. Two different transfer learning methodologies are combined via an ensemble-like fashion to improve
model prediction accuracy with reduced amounts of training data. Evaluations of each objective are carried out
via the implementation of comparative studies with other state-of-the-art methods in this field in order to
validate the merit of our proposed innovations.
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