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Abstract

As is known to all, the control quality of control systems is the key to production
quality and efficiency, whereas above ninety percentage of the controllers available in
industrial process control are of PID type to date. Consequently, the PID controller pa-
rameter tuning has always been one of the core issues in both engineering applications
and theoretical researches. Among numerous PID tuning techniques, the IMC-PID
controller parameter tuning method outstands and it enjoys mountains of popularity in
industrial control fields. Because the IMC-based PID controller digs access to various
models,in which it performs efficiently well, even in cases where whatever-order or
unstable or nonlinear phenomena occur. Besides, it has only one tuning parameter, the
relationship between which and system dynamics as well as robustness is quite clear,

so that a good tradeoff of stability and robustness is guaranteed.

Due to the requirements for the exact prior knowledge or effective parameter esti-
mation, traditional deterministic methods can not deal with PID controller design and
optimal performance problems based on linear systems with parametric uncertainties.
Thus, in this paper, we creatively adopt the internal model control theory to design the
corresponding PID controller for linear systems with pure delay, which can successful-
ly handle with model uncertainties. Among this, we focus on the IMC-PID controller
design for linear systems with model uncertainties, probing into two basic problems of

the internal model PID control, i.e., parameter setting and performance optimization.

This thesis mainly studies the IMC-PID control and its application in FOPDT
systems with parameter uncertainties, the key principle of which is, referring to the
Maclaurin expansion series and first-order Taylor approximation, similar approxima-
tion is adopted to achieve the corresponding control law, viz. the PID tuning rule where
only one tuning parameter is needed, and so as to search for a proper filter time constan-
t which coniributes to obtaining satisfactory stability and robustness at the same time,
and lastly to optimize the performance indices from the view of probability or least-
square curve fitting. When applying this method to single-parameter randomness and
bi-parametric uncertainties in time-delay systems respectively, it provides with good
control quality. Meanwhile, the selection standardization of tuning parameter and per-
formance index optimization theorem are also given. Finally, the proposed IMC-PID
tuning method is applied to illustrative numeric examples, which show explicit supe-
riority and availability beyond traditional PID tuning methods on the basis of optimal

performance indices.
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