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ABSTRACT:
Implementing closed-loop control requires ensuring a robust system response against undesired disturbances and random fault events. To overcome these challenges, the controllers must be able to detect and adapt the process behavior against undesired events by adjusting its parameters accordingly. Developers have utilized the concept of a digital twin — a real-time representation of the physical process — to design and update the physical controller effectively. However, traditional digital twin implementations often involve significant data exchange between the digital system and the real asset through cloud platforms, leading to data latency and privacy issues. 

To mitigate these concerns, we propose an FPGA-based digital twin implementation where the information is directly sourced into the Digital Twin from the physical asset, which runs in parallel with the real system. This setup eliminates the need for big data transfers and cloud uploads, ensuring enhanced data privacy and facilitating a faster and more efficient digital twin implementation and update process. To demonstrate the capabilities of embedded Digital Twin, we present a case study involving monitoring a power converter system during a sensor fault scenario.
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For additional info contact Prof. YangQuan Chen: ychen53@ucmerced.edu                                     
Marco Milanesi is currently a PhD candidate in the Mechanical Engineering Department at the University of Brescia, Italy, under the supervision of Dr. Antonio Visioli. He obtained his Bachelor's degree in 2021 and subsequently completed his Master's degree in 2023, both from the University of Brescia with a major in Industrial Automation Engineering. In 2022, Marco achieved a double degree in Mechatronics System for Rehabilitation from Sorbonne University in Paris, France, too.


His Bachelor's thesis focused on a comparative analysis of PID and PIDA controllers, while his Master's thesis explored the control of power electronics, digital twin technology, and fractional control. Notably, his Master's thesis work was conducted at the MESA Lab under the supervision of Dr. YangQuan Chen from the University of California, Merced.


Currently, Mr. Milanesi is engaged in his PhD research, which revolves around the automatic control of total intravenous anesthesia. 











