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Abstract:
New generation of analytical equipment, digital instruments, data devices, automation systems, high-performance and cloud computing, and cyber-infrastructure together are creating the smart and sustainable ways how goods are manufactured. With big data from complex processes, it becomes increasingly important to discover computational knowledge and intelligence towards eco-sustainable process operation and predictive manufacturing. In this seminar, I will present a newly developed eco-sustainability driven smart process monitoring and diagnosis framework for optimizing energy efficiency, carbon footprint and environmental sustainability of complex processes. First, a comprehensive set of quantitative measures are proposed to evaluate process eco-sustainability. Then, the complex processes are mapped into dynamic Bayesian networks (DBN) based on prior process knowledge and predictive learning. With large amount of process data, the network model parameterized with time-varying conditional probability density functions is further estimated and learned via expectation-maximization (EM) algorithm so as to characterize the dynamic and causal relationships among process variables and various sustainability indices under quantified system uncertainty. Within the constructed Bayesian networks, a likelihood index is defined by integrating the conditional probabilities of all network nodes to predict and forecast the abnormal operating events that would cause degradations on process eco-sustainability. After successful anomaly prediction, dynamic Bayesian contribution and network inference approach is further developed to identify major fault propagation pathways within process networks and diagnose root causes deteriorating process sustainability. As such, the underlying causal mechanism between process operation and eco-sustainability can be illuminated. This networked process monitoring and diagnosis framework is applied to energy intensive cryogenic air separation process with accurate abnormal event forecasting,
fault propagation pathway identification and root cause diagnosis towards predictive sustainability improvement. Finally, I will briefly discuss our research on extending computational predictive science and engineering to forecast, design and optimize different renewable energy sources, new drugs, and green materials/products.

Bio:
Dr. Yu is currently an Assistant Professor in Department of Chemical Engineering at McMaster University and also a faculty member of McMaster Institute of Energy Studies and McMaster Advanced Control Consortium. He obtained his Ph.D. degree in Chemical Engineering from University of Texas at Austin in 2007 and his B.S. and M.S. degrees in Biochemical Engineering from Zhejiang University, China in 2000 and 2003, respectively. Prior to joining McMaster, he worked as a Research Scientist at Shell from 2007 to 2011. His research interests include computational predictive science, process and energy systems engineering, computational sustainability, systems biology, etc.
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