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a b s t r a c t

In this paper we propose a methodology for the performance assessment of a PID controller applied to an
integral process and for the retuning of the parameters in case the obtained response is not satisfactory.
The technique addresses both set-point and load disturbance step responses. Simulation and experimen-
tal results obtained with a laboratory scale equipment show the effectiveness of the methodology.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Integral (non-self-regulating) processes are frequently encoun-
tered in the process industry and their control has been widely
investigated by researchers. In particular, many Proportional–Inte-
gral–Derivative (PID) tuning rules have been devised [1] for this
kind of processes which requires a special attention because of
their lack of asymptotic stability. Usually, in the industrial context,
there is the need to address a specific control specification, such as
set-point following or load disturbance rejection, by ensuring at
the same time a satisfactory level of robustness and a reasonable
control activity. In spite of the presence of autotuning functional-
ities [2,3], however, it is also recognised that in many practical
cases PID controllers are poorly tuned because of the lack of time
and of the lack of skill of the operator. It is therefore important,
especially in large plants with hundreds of control loops, to have
automatic tools that are first able to assess the performance of a
PID controller and, in case it is not satisfactory, to suggest new
appropriate values of the controller parameters.

In this paper we propose a methodology for the assessment of
the tuning of a PID controller for a integral process based on a
routine operating data (namely, by evaluating a set-point or load
disturbance closed-loop step response). The performance is
evaluated by comparing it with that provided by an appropriate
tuning rule which is selected because it provides a small
integrated absolute error and an acceptable level of robustness
at the same time. If it is determined that the performance can

be improved, then the process parameters are estimated by
employing the same routine data and a new tuning is
determined.

It is worth stressing that here we refer to the assessment of a
deterministic performance (while stochastic performance assess-
ment deals with the capability of the control system to cope with
stochastic disturbances [4–7]), namely, we take into account tradi-
tional design specifications such as set-point and load rejection
disturbance step response parameters [8,9].

In this context, many solutions, addressing different features of
a control systems, have been proposed in the literature [10–16]
(see [17] for a comprehensive description), but a technique that
addresses the PID tuning of an integral process has not been pro-
posed yet. The strategy proposed in this paper has the same ratio-
nale as the strategy proposed in [18] for self-regulating processes,
namely, the performance obtained with given controller parame-
ters is compared with that obtainable by employing a predefined
tuning rule (which is here selected depending on the control task).
It is worth noting, however, that here both the set-point following
and the load disturbance rejection tasks are addressed, the selected
reference tuning rules are (obviously) different, the estimation of
the process parameters is based on a different signal and the
retuning of the controller is performed by using explicit formulae
instead of using an iterative procedure.

2. Problem formulation

We consider the unity-feedback control system of Fig. 1 where
the integral process P is controlled by a PID controller whose
transfer function is in series (‘‘interacting”) form:
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CðsÞ ¼ Kp
Tisþ 1

Tis

� �
ðTdsþ 1Þ; ð1Þ

where Kp is the proportional gain, Ti is the integral time constant,
and Td is the derivative time constant. The series form has been cho-
sen for the sake of simplicity, as the tuning rules that will be em-
ployed in the methodology apply directly to this form. However
the use of other forms is straightforward by suitably applying trans-
lation formulae to determine the values of the parameters [17].
Note also that the use of a first-order filter that makes the controller
transfer function proper has been neglected for the sake of clarity
but it can be easily selected so that it does not influence the PID
controller dynamics significantly (and it filters the high-frequency
noise at the same time).

The aim of the proposed methodology is to evaluate the closed-
loop system response when a set-point or a load disturbance step
occurs and to assess the tuning of the PID controller. Then, new PID
parameters are determined if the performance is not satisfactory,
that is, the PID controller is retuned. For the sake of simplicity,
and without loss of generality, we will consider that the step signal
is applied starting from null initial conditions. In order to apply the
proposed methodology, relevant process parameters have to be
estimated. For this purpose, we consider the model reduction tech-
nique known as the ‘‘half rule”, which states that the largest ne-
glected (denominator) time constant is distributed evenly to the
effective dead time and the smallest retained time constant [19].
In practice, the following (possibly high-order) process transfer
function is considered:

PðsÞ ¼ l
s
Q

iðsi0sþ 1Þ e
�h0s; ð2Þ

where the time constants are ordered according to their magnitude
(namely, s10 > s20 > � � �). Then, a second-order-plus-dead-time
(SOPDT) transfer function

ePðsÞ ¼ l
sðs1sþ 1Þ e

�hs ð3Þ

is obtained by setting

s1 ¼ s10 þ
s20

2
; h ¼ h0 þ

s20

2
þ
X
iP3

si0: ð4Þ

It is worth noting that, differently from [19], the presence of
positive zeros is not considered in (2). However, the associated
time constants can be simply added to the dead time of the
process [19].

It is worth stressing that we have

T0 :¼
X

i

si0 þ h0 ¼ s1 þ h; ð5Þ

namely, the sum of the dead time and of the time constants of the
process (2) is unaltered in the reduced model. Thus, T0 is a relevant
process parameter that is worth estimating for the purpose of the
retuning of the PID controller, as will be shown in the following
sections.

3. Methodology

The assessment of the performance of a control loop is generally
performed by first calculating a performance index based on the
available data and then by evaluating the current control perfor-
mance against a selected benchmark, which represents the desired
performance [10]. Usually, minimising the integrated absolute
error

IAE ¼
Z 1

0
jeðtÞjdt ¼

Z 1

0
jrðtÞ � yðtÞjdt ð6Þ

is meaningful because this yields, in general, a low overshoot and a
low settling time at the same time [20]. However, aiming at obtain-
ing the theoretical minimum integrated absolute error that can be
achieved for a single-loop system might not be sensible in practical
cases because the robustness issue and the control effort have also
to be taken into account.

If only the set-point following task is of concern, the desired
performance selected in this paper is that obtained by applying
the Internal Model Control (IMC) approach [21] which, if applied
to the process (3) where the dead time is approximated as
e�hs ¼ 1� hs, yields a PD controller whose parameters are selected
according to the following tuning rule:

Kp ¼
1

2lk
; Td ¼ s1; ð7Þ

where k is the selected closed-loop time constant and can be se-
lected as k ¼ h according to the well-known SIMC tuning rules [19]
which aim at providing a good robustness to the control system.
With this PD controller and with the same approximation as before
for the dead time term, the closed-loop transfer function results:

FðsÞ :¼ YðsÞ
RðsÞ ¼

CðsÞePðsÞ
1þ CðsÞePðsÞ ffi e�hs

1þ hs
ð8Þ

for which the integrated absolute error when a step signal of ampli-
tude Ar is applied to the set-point is

IAEsp ¼
Z 1

0
jeðtÞjdt ¼ 2Arh: ð9Þ

Thus, a sensible index, named Closed-loop Index CI, to evaluate the
controller performance with respect to the set-point following task
is:

CIsp ¼
2ArhR1

0 jeðtÞjdt
: ð10Þ

In other words, the obtained integrated absolute error is compared
with the one that would be achieved if a PD controller tuned
according to the IMC tuning rules (7) with k ¼ h is applied to the
process (3).

In principle, the performance obtained by the control system is
considered to be satisfactory if CIsp ¼ 1. From a practical point of
view, however, the controller is considered to be well-tuned if
CIsp > CIsp with CIsp ¼ 0:6. This last value has been selected by con-
sidering the (S)IMC tuning rule applied to many different processes
[19] but, in any case, another value of CIsp can be selected by the
user depending on how tight are its control specifications. Actually,
selecting an empirical target value is a standard practice in control
loop performance assessment (see, for example, [14]).

If both the set-point following and the load disturbance rejection
are of concern in the control task, the integral action has to be em-
ployed in order to achieve a null steady-state error in the presence
of a constant load disturbance and the desired performance is se-
lected as the one obtained by applying the SIMC tuning rule [19]:

Kp ¼
1

2lh
; Ti ¼ 8h; Td ¼ s1: ð11Þ
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Fig. 1. The control scheme considered.
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