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Comparison of some tuning methods for integrating processes

Damir Vran&ié,' Stanko Strménik! , Mikula§ Huba® and Paulo M. Oliveira®

Abstract— There are several tuning methods available for PI
controllers. The Magnitude Optimum Multiple Integration
(MOMI) tuning method results in a very good closed-loop
response for a large class of process models. The method
calculates the PI controller parameters from the process model
or from the open-loop or the closed-loop time response of the
process. Recently, the MOMI tuning method has been extended
for integrating processes. This paper is giving comparison of
MOMI tuning method with some other PI controller tuning
methods for integrating processes. It is shown that the MOMI
method is comparable or even better than some of compared
methods.

I. INTRODUCTION

Apart from standard tuning rules, such as Ziegler-Nichols,
Cohen-Coon, Chien-Hrones-Reswick or refined Ziegler-
Nichols rules, more sophisticated tuning approaches have
been suggested so far. They are usually based on more
demanding process identification algorithms [1,2,3,4].

One such method is the magnitude optimum method (MO)
[7]. The MO method results in a very good closed-loop
response for a large class of process models frequently
encountered in the process and chemical industries [6].

Recently, the efficiency of the MO method has been
additionally improved by using non-parametric approach in
time-domain instead of wusing explicit parametric
identification of the process. The method is based on
multiple integrations of process input and output signals and
is hence called the Magnitude Optimum Multiple Integration
(MOMI) method [7]. The proposed approach uses
information from a relatively simple experiment in time-
domain while retaining all the advantages of the MO method.

However, deficiency of the MO method (and consequently
the MOMI method) is that it is not suitable for integrating
processes, since the MO criteria cannot be met with 1-
degree-of-freedom (1-DOF) controller structure [9].

Recently it was shown that the MO criteria can be met
when using 2-degrees-of-freedom (2-DOF) PI controller
structure on integrating processes [9]. The aim of this paper
is to compare the proposed MOMI method for integrating
processes with some other PI controller tuning methods for
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integrating processes.

The paper is set out as follows. Section 2 describes the
MOMI tuning method for integrating processes. Section 3
compares the proposed method with some other tuning
methods for integrating processes. Conclusions are provided
in section 4.

II. MOMI TUNING METHOD FOR INTEGRATING PROCESSES

Figure 1 shows the process in a closed-loop configuration
with a 2-DOF controller, where signals r, u, d and y
represent a reference, a controller output, an input
disturbance and a process output, respectively.
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Fig. 1. Typical closed-loop configuration using a 2-DOF controller.

One possible controller design objective is to maintain the
closed-loop magnitude (amplitude) as flat and as close to
unity over as wide a frequency range as possible [6,7], as
shown in Figure 2.
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Fig. 2. The closed-loop amplitude (magnitude) response over frequency.

This technique is variously called magnitude optimum
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(MO), modulus optimum or Betragsoptimum, and results in a
fast and non-oscillatory closed-loop time response for a large
class of process models [6,7].

If Gci(s) is the closed-loop transfer function from the
reference (r) to the process output (y):
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the controller is determined in such a way that
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for as many k as possible [6,7].

The first equation (2) is simply fulfilled by using a
controller structure containing the integral term (under the
condition that the closed-loop response is stable), because
the steady-state control error is zero. The number of
conditions in (3) that can be satisfied depends on controller
order (number of controller parameters).

Let us now calculate the parameters of 2-DOF PI
controller, which can be described by the following transfer
functions:
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where Kp, K; and b are proportional gain, integral gain and
reference weighting factor, respectively.

The process is given by the following rational transfer
function:
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By applying expressions (4) and (5) into expression (1)
and by solving equations (3) for k=1 and k=2 and fixing
value b=0, the following PI controller parameters are
obtained [9]:
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where symbols A, to A, represent the so-called

“characteristic areas” of the process [6]:
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Ay =K
A =Kp (al —b +Tdel) . (8)
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Note that “area” A, equals the steady-state gain of the
process.

The name “characteristic areas” is associated with the fact
that they can be calculated from a non-parametric process
model in time-domain by changing the steady-state of the
process and performing multiple integrations of the process
input (u()) and output (y(¢)) signals [6,7]:
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where

AU = u(e0)—u(0). (10)

This procedure is relatively easy to perform in practice
and does not require explicit identification of the process
transfer function parameters (5) [7,8,9]. The areas can be
calculated as follows:

Ay = YO(°°)§ = A01u1(t)_1y1(t)
A= )’1(°°)§ Y2 = AIIUl(t)_AUIUZ(t)+IY2(t)

Y3 = AZIUI(t)_AlIU2(t)+AOIU3(t)_IY3(t)
Ay = )’3(°°)
It is assumed that )')(O)= 33(0)=---=0. Since in practice

the integration horizon should be limited, there is no need to
wait until r=co. It is enough to integrate until the transient
expressions in (10) and (11) die out.

The PI controller tuning proceeds as follows:

e (Calculate characteristic areas Ay to A, from expression
(8) or change the steady-state of the process and
measure the process input (#) and the process output
(v) signals. The areas A, to A, can be calculated from
expressions (9) to (11). The initial values of signals
can be calculated as mean value of the same signals
before the first change of process input signal.

e Calculate the PI controller parameters from
expressions (6) and (7). Set reference weighting factor
to b=0.
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Matlab files, which performs tuning of PI controller
parameters from the process model or from the process time-
responses, are available on-line [8].

Note that only the process gain and two areas are required
for the calculation of PI controller parameters. However, the
MO criterion results in relatively fast and stable closed-loop
responses for different types of process models [9].

III. COMPARISON TO SOME OTHER METHODS

The new method has been compared to some other
existing PI controller tuning methods for integrating
processes on four process models.

Case 1
The following slightly delayed first-order integrating
process is chosen:

—0.05s
e

Gp (S )

The characteristic areas are calculated from expression

(8):

A =1
A =1.05 (13)
A, =1.0513

The PI controller parameters are then calculated from
expressions (6) and (7):

K, =0.482
K,=0.116 . (14)
b=0

The proposed method has been compared to Astrom’s
tuning method [1] and Taguchi and Araki’s method for
integrating processes [5]. The Astrom’s method is based on
fixing maximum sensitivity value to either Ms=1.4 (in
subsequent text the method will be denoted as Ms14) or
Ms=2.0 (in subsequent text it will be denoted as Ms20).
Method proposed by Taguchi and Araki is based on the goal
that the overshoot should be less than 20% and that settling
time should be the same or less to Chien-Hrones-Reswick
method [5]. The tuning rules depend on chosen process
model. In subsequent text, the method will be denoted as TA.

The calculated PI controller parameters for Ms14 method
are:

K, =0.386
K, =006 . (15)
b=0.37

and the PI controller parameters for Ms20 are:
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K, =0.733
K, =0.203. (16)
b=0.71

TA method defines the following PI controller parameters:

K, =567
K, =126 . (17)
b=0.34

The closed-loop responses for reference change and for
process input disturbance (d=0.1 at t=50s), when using 2-
DOF PI controllers tuned by applying mentioned tuning
rules, are shown in Figure 3.

Process GF,1 response on reference change and input disturbance
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Fig. 3. Closed-loop response of the process Gp; with PI controllers tuned by
MOMLI, Ms14, Ms20 and TA method.

Settling times (within 5% of the final value) for tracking
are quite similar for all the tested methods. However, Ms20
results in a relatively high overshoot, while TA method
exhibits oscillatory response. Disturbance rejection
performance is the best when using TA method (although
response is still oscillatory), the MOMI response is
somewhere between Ms20 (faster) and Ms14 (slower).

Case 2

The following integrating process with pure time-delay is
chosen:

(18)

The characteristic areas are calculated from expression

(8):
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Ay =1
A =1 (19)
A, =05

The PI controller parameters are calculated from

expressions (6) and (7):

K, =0.586
K,=0.172 . (20)
b=0

Again the proposed (MOMI) method has been compared
to Ms14, Ms20 and TA tuning methods. The calculated PI
controller parameters for Ms14 are:

K, =0.332
K, =0.021, (21)
b=0.60

and the PI controller parameters for Ms20 are:
K, =0577
K, =0.129. (22)
b=0.39

The PI controller parameters, according to TA method,
are:

K, =0.766
K, =0.187 . (23)
b=0.32

The closed-loop responses for reference change and for
input disturbance (d=0.1 at t=30s) are shown in Figure 4.

Process sz response on reference change and input disturbance
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Fig. 4. Closed-loop response of the process Gp, with PI controllers tuned by
MOMI, Ms14, Ms20 and TA method.
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The fastest tracking response is obtained with TA
(undershoot) and Ms20 (more stable response). The MOMI
method is slightly slower, while Msl4 is very slow with
characteristic “long-tail” response. The MOMI method gives
similar disturbance rejection performance to TA and Ms20.
The slowest response is again obtained with Ms14.

Case 3
The following delayed second-order integrating process is
chosen:

—s

e
Gpy(s)=——. (24)
" s(1+s)
The characteristic areas are the following:
4,=1
A =3, (25)
A, =55

while the PI controller parameters for MOMI method are:

K, =0.187
K,=0018 .
b=0

(26)

The calculated PI controller parameters for Ms14 are:

K, =0.095
K, =0.0026
b=0.60

27)

and the PI controller parameters for Ms20 are:

K, =0.154
K, =0.0104.
b=048

(28)

The PI controller parameters for TA method are:

K, =0.291
K, =0.023.
b=0.32

(29)

The closed-loop responses for reference change and for
input disturbance (d=0.1 at 70s) are shown in Figure 5.

The fastest tracking responses are obtained with Ms20,
TA and MOMI. The fastest disturbance-rejection
performance is obtained with TA method, followed by
MOMI and Ms20 method. The slowest response is again
obtained with Ms14.

Case 4
The following integrating non-minimum phase process is
chosen:
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(1—2s)
G = 30
e (S) s(l + O.SS)2 .

The characteristic areas are the following:

4,=1
A =3 @1)
A, =275
The PI controller parameters for MOMI method are:
K, =0.215
K, =0.023 . (32)
b=0

The calculated PI controller parameters for Ms14 are:

K, =0.186
K, =0.0074, (33)
b=0.75

And the PI controller parameters for Ms20 are:
K, =0.287
K, =0.0368. (34)
b=0.37

The TA method is not defined for such process models.
The closed-loop responses for reference change and for input
disturbance (d=0.1 at t=40s) are shown in Figure 6.

Process Gpa response on reference change and input disturbance
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Fig. 5. Closed-loop response of the process Gps with PI controllers tuned by
MOMLI, Ms14, Ms20 and TA method.
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Process GF,4 response on reference change and input disturbance
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Fig. 6. Closed-loop response of the process Gps with PI controllers tuned by
MOMI, Ms14 and Ms20 method.

The fastest tracking response without oscillations is
obtained with Ms14, while Ms20 results in a quite oscillatory
response. The MOMI method gives quite good disturbance
rejection response, while Ms20 results in oscillatory
response and Ms14 in a very slow response.

According to results of experiments, it can be concluded
that the proposed method gives acceptable closed-loop
responses for broad range of process models. The tracking
and disturbance rejection responses are stable, relatively fast
and with relatively small overshoots.

IV. CONCLUSION

The novel MOMI method for integrating processes has
been compared to some other existing PI controller methods.
It has been shown that the proposed method results in a quite
good tracking and disturbance rejection response for
different types of process models. On the other hand other
compared methods exhibit some variations in performance.

Another advantage of the MOMI method is that it does not
require process model. The controller parameters can be
derived directly form process time response without any
identification procedure. Therefore the proposed method can
be considered as very useful tuning method for integrating
processes.

Our future research will be concentrated on testing the
MOMI method on different process models and reference-
weighting parameter b.
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