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(57) Abstract :

Abstract :: The present invention discloses an intelligent fault detection and diagnosis system for power electronic systems using a combined approach of machine
learning and signal processing. Power electronic converters are essential components in applications such as renewable energy systems, electric vehicles, industrial
drives, and smart grids, where reliable and continuous operation is critical. Due to high switching frequencies, thermal stress, and harsh operating conditions, power
electronic components are susceptible to various faults that can degrade performance, reduce efficiency, and lead to system failure if not detected at an early stage. The
invention continuously monitors electrical signals such as voltage, current, and temperature obtained from the power electronic system. Advanced signal processing
techniques, including time-domain, frequency-domain, and time—frequency analysis, are applied to extract meaningful features that capture fault-related characteristics
and subtle deviations in system behavior. These features are then analyzed using machine learning algorithms trained to distinguish between normal and faulty
operating conditions and to classify different types of faults affecting power electronic components. The proposed system operates in real time and is capable of
detecting incipient faults that are difficult to identify using conventional threshold-based or rule-based methods. By learning complex patterns from data, the machine
learning framework provides robust fault detection and accurate diagnosis under varying load and operating conditions. The system further supports predictive
maintenance by assessing system health and providing early warnings before faults escalate into critical failures. The invention is scalable and adaptable to different
power electronic topologies and applications without significant hardware modification. By integrating intelligent data-driven analysis with advanced signal processing,
the proposed fault detection and diagnosis system significantly enhances reliability, safety, and operational efficiency while reducing maintenance costs and unplanned
downtime. This invention offers an effective and innovative solution for condition monitoring and fault management in modern power electronic systems.
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