Preface

Controllers and controller design are at the heart of industrial progress. Controllers
allow to keep process variables of interest at prescribed values in order to guarantee
product quality as well as better production times. The controller receives infor-
mation of the actual value of the process variable of interest, the controlled variable,
and of the desired value for this, the controller set-point. It compares these two
values to obtain the actuating error signal. Commercial controllers with a propor-
tional integral derivative control algorithm, PID for short, were introduced back in
1940. As has been widely reported elsewhere, 75 years later it still is a more
common control algorithm used in the processes industry.

The influence on the controller output signal of each one of the control modes
can be adjusted setting its corresponding adjustable parameter. Although the PID
control algorithm provides to the user the opportunity of combining the information
of the error signal (P), its integral over time (I), and its rate of change (D), most
of the controllers in operation use only the error signal and of its integral, in a
proportional integral control, or simply PI control. Among this underuse of the PID
capabilities, it is a well-known fact that poor controller tuning is a common situ-
ation, bearing in mind that there are many tuning rules to allow the specification
of the controller parameters. One may think that, in fact, there exists an over-
whelming quantity that makes it difficult to decide and apply. In addition to this
great variety of tuning approaches, even though the PID controllers are of fixed
structure over the years some additional capabilities have been incorporated into
them: measurement and set-point signal filters, set-point weighting factors, reset
windup prevention, and other features. At the controlled process side, there is a
wide range of dynamic characteristics: over- and underdamped, integrating,
unstable, slow, fast, nonlinear, and their possible combinations.

The control system designer faces the task of selecting the controller control
algorithm parameters to restrict the controlled process variable to perform according
to certain design criteria. These criteria would include, among others, evaluation
of the control system performance and relative stability. The possible combinations
of control algorithms, controlled process dynamics and information, design criteria,
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and design approaches result in the diversity of tuning relations that have been
growing over the years and reveal plenty of technical publications available in this
subject.

From the existing literature on PID controller design, it is easy to see that
different design approaches exist depending on the controlled process dynamics and
even on the way the desired performance is stated. This clearly contributes to the
confusion that prevents practitioners from the application of tuning rules. As said
above, the purpose of the book is to provide a comprehensive and didactical pre-
sentation of a unifying approach for controller design (in fact when applied to PID
controllers it may fit into any fixed structure controller) that deals in an explicit way
with the performance/robustness trade-off as one of the key points in modern PID
tuning.

The proposed controller design procedure is based on the use of closed-loop
transfer functions targets (the reference models) to obtain robust control systems,
therefore is named Model-Reference Robust Tuning (MoReRT). As design main
considerations are, in addition to the closed-loop responses shapes, the control
system relative stability, its robustness to process variations, and to obtain a smooth
control effort.

This book is based on the research work the authors carried out during the past
few years. It is not intended to be a research report but a unified presentation of the
previously referred MoReRT methodology for PI/PID controller design. As found
in references, a somewhat complete set of journals can be accessed where a deeper
discussion on some control topics can be found. Also the comparison of the pro-
posed design approach with some approaches previously existing in the literature
has been excluded from the book content. These comparisons can be found on the
referred journal papers as the main goal of the book is to serve as a comprehensive
presentation of a design approach that, in the authors opinion, deserves some
extensions and particular applications, which would be difficult to forecast just by
looking at the set of disconnected results that journal papers usually constitute.

The book comprises a total of 11 chapters and one appendix. The contents can
be structured along four parts.

The first part comprises Chaps. 1-3. These chapters provide a generic descrip-
tion of the control system under study as well as some particular insights into PID
controllers formulations and metrics to evaluate its performance. These topics could
be general to any other approach to PID controller design. Specifically, the feed-
back control design problem and the evolution over time of the considerations taken
for PID tuning are briefly presented in Chap. 1. The two-degree-of-freedom pro-
portional integral derivative (2DoF PID) control algorithm structures and their
conversion relations are presented in Chap. 2. Parameter conversion formulas take
into consideration the derivative filter constant. This chapter is innovative enough to
be of interest in its own because in the PID controller literature the equivalence and
conditions that make such equivalence possible are not found. Particular results for
PID control are usually presented by adopting one of the multiple PID formulations.
In Chap. 3 the indices used for performance, robustness, and control system
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fragility evaluation are presented. Control system robustness is evaluated using the
maximum of the sensitivity function (maximum sensitivity).

The second part of the book contains Chaps. 4 and 5, where the methodological
formulations of the MoReRT are presented. Chapter 4 describes the basis of the
proposed model-reference robust tuning (MoReRT) design methodology and how
the model-reference closed-loop transfer functions are selected, the cost functional
stated for optimization, and the available free design parameters. This proposal is to
be applied to a variety of process dynamics in order to derive the corresponding
tuning rules. However, application will consider normalized models for controlled
process and controller. This will ensure to satisfy the so-called time-scaling prop-
erty. Therefore, before proceeding to the derivation of the robust tuning rules,
normalized controlled process models and controllers equations used in the design
are presented in Chap. 5. The use of normalized controlled process models and
normalized control algorithms allows to obtain dimensionless controller tuning
rules.

The third part of the book contains the development of tuning rules for all the
considered process dynamics. It can therefore be considered the core part of the
book. The MoReRT control of overdamped controlled processes is presented in
Chap. 6, where controllers with 2DoF PI and PID control algorithms are used for
robust control of first- and second-order controlled process models. A comparison
of the achievable performance, under the same robustness, is done by using a PI or
a PID controller and also by the fact that designing a controller is by using a first- or
a second-order process model. The robust control of inverse response processes is
described in Chap. 7. Here it is stated that the right-half plane zero position impose
constrains to the achievable control system robustness. In Chap. 8 MoReRT control
of first- and second-order integrating processes is presented. For first-order inte-
grating models, the MoReRT design results in a very simple tuning for the nor-
malized controller parameters. In Chap. 9 the MoReRT design is used to tune 2DoF
PI and PID controllers for unstable processes. The unstable pole position imposes
severe constraints on the achievable control system robustness. One of the
detectable points in all the developments shows how MoReRT allows to face the
PI/PID design problem from the same point of view.

The fourth part of the book describes potential extensions of the method as well
as considerations for its practical applications. Three possible extensions of the
MoReRT methodology are presented in Chap. 10. First of all, it is used in the case
where the purpose is to design the profile of the manipulated variable instead of, as
usual, the controlled variable. Second, a more general MoReRT design is applied in
the case where the dynamics of the disturbance to the controlled variable is different
from the dynamics of the manipulated variable to the controlled variable. This
makes the design problem a little bit more complex, and the fact of facing multiple
dynamics makes it not possible to derive general tuning rules. Instead, it is shown
how MoReRT can be formulated and applied. Third, the use of the MoReRT design
in robust tuning of a Smith predictor type dead-time compensating PI controller,
including the predictor model parameters, is presented. As a source of practical
considerations, the book ends with the description of the 2DoF PID control
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algorithms available in some commercial controllers, programmable logic con-
trollers, and digital control systems. A condensed reference of the MoReRT tuning
relations is also presented with its applicability ranges and constraints. A general
outline for the implementation of a MoReRT design procedure and the application
of the proposed tuning method to control a typical industrial process are provided in
Chap. 11.

The book ends with an appendix describing a software package developed for
MATLAB® in order to facilitate the implementation of the MoReRT approach. The
provided routines just require the user to input the process information data and the
desired controller structure. The software will perform the required optimizations
and show the closed-loop responses for the obtained controller.
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