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Abstract of Thesis

Model predictive control (MPC) is extensively implemented in industry as an efficient way to deal with large
multivariable constrained control problems. Its core idea is to choose the control actions by repeatedly solving
an optimal control problem in real-time to minimize a given performance criterion over a certain future horizon,
possibly subject to constraints on the manipulated inputs and outputs, where the future behavior is computed
according to a model of a plant. Although all real processes are inherently nonlinear, most applications use
linear or piecewise linear models because it is easy to obtain a linear model based on the process data and
because linear models provide good results when the plant is working in the neighborhood of the operating
point. However, in many industrial applications, there is a strong requirement to obtain the best achievable
performance in the presence of strict and tight constraints and a linear model is not sufficient to achieve
this goal. Therefore, nonlinear MPC is needed for such problems as it permits the utilization of a nonlinear
model for prediction. In nonlinear model predictive control (NMPC), more constraints have to be satisfied

at the same time and process nonlinearities and constraints are explicitly taken into account in the controller.

Since the performance of NMPC is dependent on a performance index, systematic and efficient tuning of the
performance index is a very important task from a practical viewpoint. In this dissertation, we propose a
systematic method for the efficient tuning of the performance index in NMPC. In this tuning approach, first
of all, a linear quadratic (LQ) regulator is designed for the linearized model using the inverse linear quadratic
(TLQ) regulator design approach, which is based on the optimality conditions for the feedback control law
obtained in the inverse regulator problem. After that, the inverse optimality conditions are applied to the
designed ILQ regulator to tune the quadratic weights in the performance index of NMPC. After that, the NMPC
algorithm is applied to the nonlinear model. Since NMPC is a finite—horizon problem, a terminal cost is added
to the performance index of NMPC to make it work similarly to the infinite—horizon problem. Input and state
constraints are penalized by adding penalty functions in the integral part of the performance index. The use
of the ILQ regulator design method for the tuning of quadratic weights provides some tuning parameters that
give a trade—off between the speed of the system’ s response and the magnitude of the control input. Moreover,
this tuning methodology provides a free parameter that can be utilized to adjust the transient responses in
the controlled output as well as to obtain a balance between the magnitudes of the control inputs. The
effectiveness of this tuning approach is demonstrated by NMPC control of water—levels in a coupled—three—tank
system (CTTS).

The tuning algorithm is extended for NMPC of parameter—dependent nonlinear systems and two methods are proposed
for the selection of parameter—dependent tuning parameter. The extended tuning algorithm is applied to the
speed control of nonlinear mean-value model of spark ignition (SI) engines. The effectiveness of tuning the
parameter—dependent tuning parameter is elaborated in simulation results. Load torque is considered as a
parameter and the effect of change in its value is suppressed by tuning the parameter—dependent tuning parameter

using the proposed method
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