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Wireless power transfer (WPT) technology is revolutionizing how electrical energy is delivered, 

eliminating the need for physical connectors and addressing challenges in both offshore and onshore 

applications. This tutorial examines the concept and advancements in WPT systems, emphasizing 

their role in powering underwater vehicles, offshore platforms, electric vehicle (EV) charging 

stations, industrial automation, and consumer electronics. 

The core principles of WPT—inductive coupling, capacitive coupling, and resonant inductive 

coupling—are explored, highlighting the challenges and solutions for efficient energy transfer over 

varying distances and through different media. Key issues such as power levels, frequency selection, 

and alignment are discussed to provide a comprehensive understanding of WPT mechanisms. 

A focal point of this tutorial is the integration of Artificial Intelligence (AI) to optimize WPT 

systems. AI algorithms, utilizing machine learning and data analytics, enhance WPT by predicting 

optimal power transfer paths, and diagnosing potential faults. In offshore applications, AI optimizes 

device positioning and orientation, ensuring reliable power delivery. For onshore uses, AI enables 

smart grid integration and predictive maintenance, reducing downtime and extending equipment 

lifespan. 

Emerging trends and future directions in WPT and AI integration are also covered, including the 

development of AI-powered adaptive control systems for self-optimizing networks. These 

advancements promise to enhance the scalability and adaptability of WPT solutions across various 

applications. 

The tutorial addresses regulatory and safety considerations, emphasizing compliance with current 

standards to ensure safe and efficient WPT operation. 

Combining AI with WPT systems significantly improves power transfer efficiency. This tutorial 

provides a detailed overview of the current state, challenges, and future prospects of WPT and AI 



and offer valuable insights for researchers, engineers and industry professionals. Thie tutorial aims to 

inspire innovative solutions and drive advancements in efficient, reliable, and sustainable power 

transfer systems. 
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