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Towards a mathematical theory of PID
control

April 4 2017

The well-known and nearly hundred years old "proportional-integral-
derivative" (PID) controller is a linear feedback control method that
adjusts the input signal by using the regulation error of the systems only.
Because of its simple structure, good robustness and high reliability, it 1s
by far the most widely used control method in automatic control. For
example, it has been reported that 95 percent control loops are of PID
type in process control. However, one of the most challenging tasks for
the implementation of the PID controller is how to design the three
parameters of the controller.

Although many research efforts have been made on this problem by
scientists and engineers, this crucial problem has never been well solved
theoretically. In particular, a rigorous theory 1s lacking in the design and
analysis of PID control for nonlinear uncertain systems. One of the most
widespread methods for designing the PID parameters is the Ziegler-
Nichols rule, which is a method based on some features of the linear
process dynamics extracted from experiments conducted by either the
step response method or the frequency response method. Many other
methods including tuning and adaptation for the design of the PID
parameters have also been proposed and investigated but mostly for
linear systems.

Without doubt, almost all of the practical control systems are inherently
nonlinear and time varying with uncertainties. Therefore, how to design
the three PID parameters? Does the closed-loop control system have
guaranteed good performance? What is the capability of the classical
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PID control? This research provides a preliminary answer to these basic
and important scientific questions.

This new research work is authored by Cheng Zhao and Lei Guo,
published in Science China Information Sciences in the second issue of
2017. It begins with physical systems modeled by the Newton's second
law, and proves that for a class of second order nonlinear uncertain
systems, if the upper bounds of the partial derivatives of the nonlinear
uncertain function are available, it is possible to select the three PID
parameters to globally stabilize the closed-loop systems and at the same
time to make the position of the controlled system converge to any given
setpoint. Actually, the authors have shown that the selection of the PID
parameters has considerable flexibility, since they can be chosen from an
unbounded three-dimensional manifold. Moreover, some important
conditions for the selection of the parameters are also established in
some special cases.

In practical applications, Newton's second law still plays a fundamental
role in modeling dynamical systems of the physical world. Thus, this
research not only makes the first important step in establishing a
theoretical basis for PID control, but also provides valuable guidelines
for control engineers.

More information: Cheng Zhao et al, PID controller design for
second order nonlinear uncertain systems, Science China Information
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