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ABSTRACT 
The continuously growing demand for improved functionality and 
reliability results in ever-growing complexity in engineering 
systems such as manufacturing systems and service systems. The 
unprecedented complexity makes the fault monitoring, diagnosis, 
and control very challenging engineering problems. On the other 
side, due to the rapid development of cyber infrastructure and 
sensing technology, an abundance of data from engineering 
systems is now readily available.  

The data rich environment provides great opportunities to develop 
new fundamental industrial engineering (IE) tools for effective fault 
management. Targeting on the urgent need and the emerging 
opportunity, the presented research has been focusing on the 
development of rigorous signature-driven statistical tools to model 
and analyze the data gathered from a vast array of diverse and 
interrelated sources for monitoring, fault diagnosis, and prediction 
purposes. Two examples, dimensional variation source 
identification in multistage manufacturing processes and 
identification of spatial defect patterns in semiconductor 
fabrication, are presented. The proposed methodologies can 
achieve systematic fault detection, root cause identification, and 
failure prediction and possesses wide applicability to various 
engineering systems. 
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