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1. Research and Key Contributions 
 
Due to increasing global competition and security perceptions, continuous, round-the-clock 
quality and integrity monitoring is becoming increasingly necessary for survival of modern 
engineering systems. These systems include many precision and nano-manufacturing processes 
(e.g., ultraprecision machining process for realizing optical surfaces, chemical-mechanical 
polishing (CMP) of semiconductor wafer-stacks), as well as infrastructure and lifeline systems of 
interest to medical, transportation, and defense sectors (e.g., underground pipeline network, the 
internet, shipping container handling). These systems are beginning to operate in data-rich 
environments. Sensor technologies are becoming available to interrogate any aspect of modern 
engineering systems at every conceivable scale of resolution. The emerging sensors can capture a 
wealth of information on the condition and status of a product, process or a system. The next 
major challenge is in harnessing the large-amounts of sensor data to bring substantial 
improvements to the design and operations, particular in quality and integrity assurance, of these 
engineering systems. 
 
Complexity is a chief attribute of modern engineering systems. Much of the complexity emerges 
from nonlinear stochastic dynamics of the underlying processes. In fact, dynamics of most 
manufacturing machine operations as well as large-scale infrastructures, logistic and information 
networks, are inherently nonlinear. New modeling foundations that can capture this complex 
dynamics are imperative for effective quality and integrity monitoring.  
 
Sensor-based modeling research provides a unique approach to realize this imperative. It 
augments the statistical and intelligent systems foundations of current monitoring systems with 
nonlinear dynamic principles. The core of this research is to harness information on the nonlinear 
stochastic dynamics and the emergent behaviors, such as chaos, self-organization and long-range 
dependencies underlying an array of wired and wireless (e.g., RF/RFID) sensor signals in the 
form of customized multi-scale representations and formal models, and to track features 
extracted from these models to monitor and control quality and integrity of complex systems. In 
contrast, many of the current approaches predominantly assume the system dynamics to be linear.  
Consequently, conventional models fail to capture many critical behaviors observed in the 
system, and the resulting monitoring and control methods are reduced to tracking signal statistics 
that usually are not physically motivated.  
 
Features extracted based on the sensor-based modeling approach, unlike conventional features, 
are sensitive to incipient anomalies and micro dynamic variations in a system’s operation. 
Consequently, quality and integrity can be significantly improved, and wastage and accidents can 
be substantially reduced. 
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