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Abstract:

Many industrially relevant chemical processes exhibit complex dynamic behavior. Typical examples include 
plug flow, fluidized-bed and packed-bed reactors in chemical industry; rapid thermal, plasma and chemical 
vapor deposition reactors in microelectronics industry. A common trait is that the states vary dynamically in 
time and space due to coupled transport mechanisms and chemical reactions (even when neglecting particle 
behavior). With ever-tighter requirements on process operation, the problem of feedback control becomes 
complicated since we now need to account for this relationship between actuation and control output.

To address the control problem, we embark on the design of model-based controllers to better predict 
process behavior. In this endeavor, constitutive equations (either first-principals or phenomenological) are 
employed; but they come at the cost of high computation. We will first focus on the development of 
methods for computational acceleration of the needed calculations and the derivation of low-order model 
that are specifically tailored for controller and observer design. We will then synthesize advanced output 
feedback controller and observer pairs that can successfully control the chemical process. We illustrate the 
effectiveness of the proposed approaches through representative examples of CSTR and diffusion-reaction 
catalytic processes.
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