Presentation #1: Design of Robust Gain Scheduled PI and MPC Controllers
Chemical or biochemical processes are in general highly nonlinear especially when operated over a wide range of operating conditions. The nonlinearity is generally related to reaction kinetics or nonlinearity of physical properties. Therefore, there is a strong motivation to control these processes with nonlinear controllers. Among the major difficulties in designing nonlinear controllers, two problems are considered in this work:

1. One is to obtain a good simple model of the processes under study. Different techniques such as Volterra series or nonlinear auto-regressive moving average models (NARMA) have been used to identify reduced order models of the process. 

2. The other major difficulty is that models of systems are always inaccurate. Control systems which are based on process models have to be designed to be robust with respect to this model mismatch. 

This research deals with the application of robust control theory to advanced control techniques such as Gain-scheduling control, Proportional-Integral (PI) control, and Model Predictive Control (MPC). Methods for quantifying the model uncertainty from an empirical model identified from input-output data are shown. Then, the controllers are designed to provide robust stability and performance in the presence of model mismatch.

Presentation #2: Integration of Control and Design using a Robust Control Approach

This work discusses the problem of integrating the process and control design steps for a chemical process. The cost function to be optimized includes capital, operating and cost due to variability in the controlled variable. A distillation column is selected as a case study and a single input single output loop controller is discussed. A First Order plus Dead Time model is assumed to represent the process where the dynamic parameters are estimated as functions of process design variables. Two types of controllers are considered: i- a robust PI controller and ii- a Model Predictive Controller. Both controllers are designed based on a nominal linear model and assuming model error to account for process nonlinearity. The optimum column design and the controllers tuning parameters which result in the lowest process cost are determined. The proposed method is compared to the traditional one where the design and control steps are done separately in a sequential fashion. The optimization results show that the integration of column design and control in one step leads to significant savings as compared to the traditional design method.

