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This dissertation summarizes the achievements in realizing capacitive underwater wireless power
transfer (UWPT). Major challenges hindering the realization of the capacitive UWPT include the
degradation of power transmission efficiency in a water environment and the positional fluctuation of the
receiving devices, such as underwater drones, caused by water flow. In this dissertation, I discuss
efficiency improvement techniques in underwater environments by optimizing the structural parameters of
the capacitive-coupler electrodes and the complex amplitude control focused on the relative positions of
the power feeding/receiving points on the electrodes. Furthermore, I propose a straightforward capacitive
WPT system with misalignment tolerance in flowing freshwater environments for underwater drone
application. .

This dissertation consists of five chapters. Chapter 1 serves as the introduction, providing an overview
of the background of this research and the technical requirements related to underwater infrastructure
inspection. It also addresses the challenges related to ensuring a power source for autonomous underwater
vehicles, a technology of particular interest in inspection applications. The issues to be resolved from the
perspective of capacitive UWPT are highlighted. In Chapter 2, the theoretical maximum efficiency of the
capacitive coupler is evaluated in tap water and seawater to reveal how efficiently can be achieved. The
results show that the efficiency has extreme values with frequency, and I discuss methods to improve the
maximum value by focusing on the structural parameters of rectangular electrodes. In addition, from the
viewpoint of the kQ theory, the basic theory in a WPT field, I clarify that whether the coupling coefficient
(k) of water or the quality factor (Q) is the primary factor in tap water and seawater. In Chapter 3, through
the distributed-element representation of the coupler, the complex amplitude of the current and voltage on
the electrode appears as the third efficiency factor (hyperbolic function) in the kQ theory, and the third
factor dominates the frequency variation. Furthermore, an improvement method is discussed focusing on
the relative positions of the feeding/receiving points based on complex amplitude control. The quantitative
evaluations by the derived equations and electromagnetic simulation reveal that opposite/identical relative
positions are suitable in freshwater/seawater environments, respectively. Combining the optimization of
the structural parameters described in Chapter 2 with this method, it achieves a 90% theoretical maximum
efficiency at transfer distances within 50 mm in tap water. Chapter 4 discusses techniques for adapting to
the position fluctuation of drones due to water flow. This system consists of a load-independent inverter,
which is the state-of-the-art high-frequency power source, and the capacitive coupler with an opposite
relative position. Chapter 5 serves as the conclusion, summarizing the previous chapters and providing
insights into prospects.




