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Preface

The proportional integral derivative (PID) controller in the form we know it today

emerged between 1915 and 1940. Since PID control is simple in structure and

inexpensive in implementation, it has been undoubtedly the most widely employed

controller in industry. In fact, PID controllers are sufficient for many control

problems, particularly when process dynamics are benign and the performance

requirements are modest. However, there are still problems that limit the

applications of the PID controller. One of those is how to determine the appropriate

PID gains to ensure system stability and desirable performance. The

Ziegler–Nichols tuning procedure, published in 1942, is simple and intuitive, but it

creates a closed-loop system that is very poorly damped and that has poor stability

margins. Since then, various methods for tuning PID gains have been suggested, but

a systematic means is yet to be established and the information about those methods

is scattered in the control theory.

With the increasing control demands for various practical systems which are

generally nonlinear, uncertain and with abnormal actuation (such as asymmetric

saturation, dead-zone module, loss of effectiveness, etc.), traditional PID control

seems to lack theoretical support and is losing efficiency. Thus, a series of control

strategies is proposed to tackle the control problems for all kinds of nonlinear

systems. Although various control schemes have successfully addressed the control

problems for nonlinear systems, the resultant solutions seem quite sophisticated —

not only complicated in structure, but also expensive in computation. As a

consequence, these complex control methods are not much appreciated in practical

applications. By this token, the PID control seems still the most favorable choice for

the control of practical systems if it could be made effective in dealing with system

nonlinearities and uncertainties.

Industrial experience has clearly indicated that automatic tuning of PID gains is

a highly desirable and useful feature. Therefore, the focus of this book is on

PI/PD/PID controller for nonlinear systems with self-tuning gains, wherein an

exposition of adaptive PI/PD/PID control methods developed recently for numerous

nonlinear systems is provided. All these PI/PD/PID controllers are able to

adaptively update the gains through analytic algorithms and there is no need for

xi
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human tuning or trial and error process. Besides, the stability condition (the primary

concern for any control system) is established for the corresponding systems with

PI/PD/PID controller in the loop. Furthermore, in order to make the control scheme

more reliable in practical applications, in this book, the proposed PID control

strategies are equipped with fault-tolerant capabilities to accommodate the

abnormal actuation characteristics which may occur during system operation.

Constraints (due to physical saturation, safety specifications, etc.) imposed on

system outputs or states, together with the issue of prescribed control performance,

are also considered in control design. In the last chapters of the book, the

PI/PD/PID control scheme is applied to practical systems such as high-speed trains

and robotic systems. The effectiveness of the proposed adaptive PI/PD/PID

controller is demonstrated and validated via computer simulations. Several books

on PID controllers are available on the market, but this book exclusively focuses on

PI/PD/PID control with gain auto-tuning mechanisms for nonlinear systems. While

efforts have been made on PI/PD/PID control for nonlinear systems, there is still

much room for further research and development. We hope that this book will aid in

understanding the essence of PID control, providing readers with alternative

perspectives concerning the development of PI/PD/PID controllers for typical

nonlinear systems.

Yongduan Song

Chongqing, China
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