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ABSTRACT

Dynamic Matrix Control (DMC) is a widely used model predictive controller (MPC) in industrial plants.
The successful implementation of DMC in practical applications requires a proper tuning of the controller.
The available tuning procedures are mainly based on experience and empirical results. This paper develops
an analytical tool for DMC tuning. It is based on the application of Analysis of Variance (ANOVA) and
nonlinear regression analysis for First Order plus Dead Time (FOPDT) process models. It leads to a simple
formula which involves the model parameters. The proposed method is validated via simulations as well as
experimental results. A nonlinear pH neutralization model is used for the simulation studied. It is further
implemented on a laboratory scale control level plant. A robustness analysis is performed based on the
simulation results. Finally, comparison results are provided to show the effectiveness of the proposed
methodology.
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tuning is proposed for a pressure tank system, which does
1. INTRODUCTION not propose a general procedure. None of the above
mentioned papers provide an analytical formulation for

used in industry as Advanced Process Controllers (APC) tuning obtained. In [7] an extension of the modified

[1]. Dynamic Matrix Control (DMC) is the most popular generalized predictive control (GPC) algorithm and a
MPC ~method in many chemical processes. This tuning strategy is presented. In [8] for all parameters of

.. . DMC, an equation is obtained based on the FOPDT
popularity is due to the simple structure of the controller. R
DMC uses step response information and in stable model approximation of the real plant. Among these

industrial processes, this is easily obtained. DMC, as a tunn.lg parametc?rs, move suppres-swn coefficient, 4
model predictive controller, was first proposed in [2]. As (defm,ed later) 15 the m_OSt effec.nve param.eter. The
other MPC methods, DMC uses a prediction model. This eguatlog fO.r A in [s] is according _tO avoidance of
model is a step response model. The next element in singularity in calculation of control signal and closed
MPC is the objective function [3]. It is desired that the loop performance is not considered in this equation. In

. . [9], tuning of MPC is proposed to obtain robust
future output values on the considered horizon follow a erformance. Also [10] used the Analysis of Variance
desired reference trajectory and in the same time, the p ) y

. . (ANOVA) to create an analytical equation forA. In
control effort is penalized properly. » 10 " ndex i d to obtain thi
MPC tuning is dealt with in several papers. In [4], reference [10] a performance index is used to obtain this

. ' . h ficienci . h
some practical approaches to tuning MPC methods are equation, but there are sever deficiencies associated wit!

presented. Reference [5] presents an on-line DMC tuning the derived for.mulae. Recen.tly [11] . h.as employed
ANOVA for tuning of Generalized Predictive Controller
method. In [6], a method called the response surface

Model Predictive Control (MPC) strategies are widely
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(GPC) for Second Order plus Dead time (SOPDT)
models and a new analytical equation for A is obtained.
A review paper on different tuning methods for MPC can
be found in [12].

This paper proposes a three stage procedure for
determining a closed form formula for DMC tuning. In
the first stage a bank of FOPDT models are simulated to
test the effect of different model parameters on the tuning
parameter A . In the second stage, ANOVA is performed
on these data to determine the most effective plant
parameters on the tuning parameter. Finally, in the third
stage, with some insights, nonlinear regression is
employed to obtain a simple but precise tuning equation
for 4.

In the following section, the DMC fundamentals are
briefly reviewed. In section 3, the previous tuning
methodologies are studied. An introduction to ANOVA is
given in section 4, and the analytical ANOVA based
tuning formula is then derived. Finally, simulation and
experimental results are given in section 5.

2. DYNAMIC MATRIX CONTROL

DMC was developed at Shell Oil in the early 1970s. In
1979 Cutler and Ramaker [2] presented an unconstrained
multivariable predictive controller which they named
Dynamic Matrix Control (DMC). In this section, single
input-single output (SISO) formulation of the DMC is
briefly reviewed, for more details see [3].

Let the step response of a system be described as
follows

y6)="" ghuli—i) (1)

where g, are the sampled output values for the step

input, u(t) is the control signal and
Au (t): u(t)— u(t —1). The output prediction values along

the finite horizon will be as

j}(t+k|t)=Z:;|giAu(t+k—1)+f(t+k) ()
where f (t+k) is the free response of the system, and is
given by (3)

Flerk)=Y" (g =g )Ault=i)+ , () 3)

y=Gu+f
$(e+111) Aulr)
| 3+210) Aulr+1)
y= . , U= .
$(+Plt) Ault+M)
g, 0 - 0 | “4)
fle+1) & & 0
. f(l"+1) G- : : . :
: 8w 8ma 81
f(t+P) : : .. :
L 8p  8pa 8p-m+

where P is the output horizon, M is the control
horizon and G is the dynamic matrix. The quadratic
objective index is

J :Zf:l[y(z+jlz)—w(t+j)]

+ 3 Alule+ j-1)] 5)

where w is the desired reference trajectory and A is the
move suppression coefficient that is an important tuning
parameter in DMC. Control signal is calculated as

u=(G"G+A)'G" (w-f)
w(t+1)
_ w(r+2) (6)

Wit P)

Hence, the DMC tuning parameters can be listed as
A,P,M,N and T,. Note that T, is the sampling time.

3. DMC TUNING METHODS

There are several proposed tuning strategies in the
literature, but only two of these methods have a sound
mathematical background and provide an analytical
expression for the tuning parameters of DMC. In this
section, these two tuning methods are studied and tested
via simulation examples.

Consider the approximated FOPDT model of the
system as

where y, is the real output value. We have g,,, — g, =0 G (s)= Ke™® o
,i> N where, N is the model horizon. In vector form " Ts+1
we have
The proposed tuning equations are presented in Table 1.
56 / J'
Amirkabir / MISC/ Vol . 42 / No.2 / Fall 2010



TABLE 1
DMC TUNING EQUATIONS (PREVIOUS WORKS)

Parameters | (Shridhar and Cooper) [8] (Iglesias et al) [10]
[’
T, 7 < anat <2 T < andt <2
10 FT2 10 2
P:N:5T1+k P:N:5r+k
P=N 5 s
k= 9 +1 k= 9 +1
T, T,
M Integer, from 1 to 6 Integer, from 1 to 6
0 0.4094
A 7K? 1.631K(7j
T
0 M =1
! M (357 M-S M1 )
500\ T, 2

As it is shown in Table 1, the only difference in these
formulae is in the equation for 4 .
The formula for N is first studied. Consider processl
described in [8] by the following transfer function

—=50s

e

G s)= (1505 +1)(25s +1) ®
Figure 1 shows the effect of small N . It is shown that the
damping transient response repeats every N sample, also
it is easily seen that if N gets smaller, this repetitive
responses would be undesirable. So if it is possible, it is
desirable to choose N >57/T, +k. The proposed value
for N by Shridhar and Cooper in reference [8] is not
large enough, which is one of the deficiencies of the
proposed approach.
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T
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Figure 1: Effect of small N .

Next, consider the equation for A4 in Table 1 which is
proposed by Shridhar and Cooper in reference [8]. In this
equation, performance is not considered and a fast
response with large overshoot in control signal is
encountered. To be precise, in this equation if the
7/T, term gets smaller by increasing the amount delay, a

larger sampling time and a very small A are achieved
and it yields a fast response that is not desirable for a
system with large delays.

The proposed tuning method for A4 by Iglesias et al.
in reference [10] is shown in Table 1. It is noted that:

e It is shown in [8] that A= fK*. Formulation in

[10] shows that, this relation is linear, i.e.,
A= f,K. With a simple example we can show
that if K get small enough, the closed loop
responses becomes very slow.

e [If K becomes large, the formulation in [10] leads
to a small 4 and leads to a fast output response
of the system.

e In the case of small enough delays in comparison
with plant time constant, 4 will be very small
which yields a very fast response.

e In [10] using the analysis of variance (ANOVA),
it is shown that the parameter I (defined later)
is not efficient. This is because K is used in
ANOVA and also the range of I' is not
sufficient. We will show that this parameter is
very important and has an effective influence on
the closed loop response.

To study the equation for 4 in [10], see Table 1, we
consider three different examples. The following FOPDT
model is used in example 1

G(S)I 0.005¢™
10s +1
Note that in this example, we have K =0.005. According

(€))

to [8], for this system we haveA=7.08¢". And

according to [10], we have A =3.2¢. Note that all the
tuning parameters are calculated according to Tablel.
Figure 2 shows the results of these two tuning methods.
In this example, both the set point tracking and
disturbance rejection properties are the control
objectives. It is shown that formulation in [10] leads to a
very slow response. Also, it is seen that the method in [8]
yields a fast response with high control signal overshoot,
which is not acceptable in the practice.
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Figure 2: Closed loop responses (example 1).

In the second example, the following FOPDT is
considered

G(S) _ 50e™

s+1 1o

In this example, system has a large gain value, K =50
According to [8], for this system we have A =578.9. And
according to formulation in [10], we have A =81.5. As it
mentioned, formulation in [8] always leads to a fast
response but in this case formulation in [10] leads to a
very fast response, see Fig. 3. These two examples show
the high sensitivity of the method in [10] to the gain of
system.
In example 3, we consider a system with no delay

Gls)=—"

T 10s+1

According to Table 1, formulation in [10] leads to 4 =0
and method in [8] leads to A =0.29. Fig. 4 shows the
results of these methods, it is seen that formulation in
[10] is not acceptable for the systems with no delay.
Because it yields a very fast response and also a large
overshoot in the control signal, which is not acceptable
and executable in practice.
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Figure 3: Closed loop responses (example 2).
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Figure 4: Closed loop responses (example 3).

These simulations show that the methods in [10] and
[7][8] can both give improper tuning parameters. In this
paper, a new method is now presented to overcome the
above mentioned problems. The main idea in this paper is
using ANOVA and some insights to find an appropriate
nonlinear fitting that is sufficiently accurate and simple.
To find an analytical expression for A, FOPDT model of
the plant is used. Note that all the parameters of Table 1
except 4 and N, are properly adopted. For 4 a new
equation will be determined, but N should only be larger
than what it is in Tablel, empirically N =2(5¢/T,)+k is

a good choice.

4. THE PROPOSED TUNING PROCEDURE

In this section, an introduction to the Analysis of
Variance (ANOVA) is given. Then, the new tuning
procedure is presented in details.

A. Analysis of Variance (ANOVA)

Analysis of variance, known as ANOVA, is a
technique that characterizes the influences of parameters
on the measurements [13]-[14]. The goal of ANOVA is
to determine a set of experimental parameters or factors,
which influence a measured output quantity, i.e., the
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dependent variable. ANOVA capabilities were first
introduced in [15]-[16]. In [16][17], ANOVA is used for
path-finding, and it is used in soft computing in reference
[18], also in [19] microwave applications of ANOVA can
be found. In [20] ANOVA is used to tune the
Generalized Predictive Controllers (GPC) for FOPDT
plants. More recently, [11] has employed ANOVA for
tuning of Generalized Predictive Controller (GPC) for
Second Order plus Dead time (SOPDT) models and a
new analytical equation for is obtained.

Here we deal with fixed-effect model of ANOVA
[21]. The fixed-effects model of analysis of variance
applies to situations in which the experimenter applies
one or more treatments to the subjects of the experiment
to see if the response values change.

Some basic definitions of reference [13] and [14]
about ANOVA are given bellow.

Between groups variance is conceived in terms of the
average of the differences amongst the means of the
experimental conditions. Consequently, in each
experimental condition there would be n, experimental

condition mean scores.

SS, =y n(%-%f (12)
Between groups degree of freedom is defined as follows
dfy=k—-1 (13)

where k is the number of groups.
Mean square between groups is defined as follows

SS
S, =—¢ 14
s (14)
Within groups variance is defined as follows
SSy = (n,-1)s] (15)

where S,.2 is the variance of each group.

Within groups degree of freedom is defined as follows
dfy, =N -k (16)

where N is the total number of observations.

Mean square within groups is defined as follows

SS
S 2=20w 17
v a7
And finally, the F-test is defined as
S 2
F=-f5 (18)
Sw

F_test is used for comparisons of the components of the
total deviation. For example, in one-way or single-factor
ANOVA, statistical significance is tested for by
comparing the F-test statistic.

One-way ANOVA is used to test for differences among
two or more independent groups.

In the simple case of the one-way ANOVA, the model is

represented as

y,.j=,u+G,.+8,.j (19)

i

where y, is the jth response in treatment group i, G,

the deviation of the ith treatment (group) mean from the
overall mean, 4 ; & the random error in the experiment

(measurement error, biological variability, etc.) assumed

to be normal with mean 0 and variance &~ .

In N-way ANOVA it is determined whether data mean
in a set of data changes when factors and their different
combinations are grouped together. If so, it can be
verified which factors or combinations of factors are
associated with the mean changes [13]. In other words,
the effects of multiple factors on the mean of data are
measured.

For example in the three-way ANOVA, the model is
represented as

Vi =H+T & +:Bj + % +(aﬂ)ij
+(@y)y +(By) s + @By )y + €54

In this paper, two-way ANOVA is used as the main tool
for statistical analysis of the data.

(20)

B. The Proposed Tuning Strategy

According to [8], we have A= fK*. Note that f is a

scalar. So, in the following we consider only system
delay and time constant of FOPDT and the goal is to find
an optimal equation for f .

Now we construct the model bank, as all the possible
combinations of the parameters shown in Table 2, overall
we have 7x5°=175 models. For each model appropriate
parameters according to Table 1 are chosen, except
for f . For each model, f varies from 0.05 to 10 and

performance index (21) is calculated. Finally, the optimal
value of is obtained for every model. The optimal value
of minimizes the performance index (21).

J= J.:(r(t)— y(t)) dr+ F_.-:(Au(t))zdt 1)

TABLE 2
SETUP OF PARAMETERS FOR ANOVA

ANOVA Level Level Level Lev'el Level
Par ters Low Low Medium Medium Hioh
arameters 0 Medium ediu High ig
T 10 40 80 120 160
2 5 15 40 80
0.1 0.2 0.5 1 2 3 5

After finding the optimal value of f for each model,

analysis of variance is performed on the optimal tuning
parameters as a response vector and model parameters as
variables. In these simulations up to 2 way combination
between the models parameters are taken into account.
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Results of ANOVA show that which one of model
parameters or a combination of model parameters has
more influence on the optimal tuned parameters and also
the level of influence are determined by ANOVA. The
result of ANOVA analysis is depicted in Table 3. In this
table, there are F-values and P-values associated with
each parameter and combination of parameters. These
values reveal the effect and also the effectiveness level of
these parameters on the optimally tuned parameters.

TABLE 3
ANOVA RESULTS FOR DMC TUNING

Source Sum Sq. df.  Mean Sq. F Prob>F
T 0.743 4 0.186 26.18 5.84e-16
4 0.577 4 0.144 20.34 4.71e-13
r 316.43 6 52.74 7431.6 0
(23 0.418 16 0.026 3.68 1.53e-5
(238 1.706 24 0.071 10.01 1.29¢-19
oxI’ 1.327 24 0.055 7.79 1.19e-15
Error 0.93 131 0.0071
Total 322.13 209

Typically there is a cut-off value of 0.05 for P index.
That is, any of these sources having a value below the
cut-off is considered to be significant. Also, a source with
small P value and larger F value has larger influence on
optimally tuned parameter. The remaining terms are
omitted. According to Table 3 it is shown that, " is the
most efficient parameter. Effect of 6 and 7 are
countable. To have a simple formulation, combinations of
parameters are not considered.

Now, we try to find a nonlinear meaningful function
of these parameters. For this propose, Fig. 5 is checked in
details. In this figure the optimal value of is shown in
terms of the plant model parameters. Hence, primary
formulation for f is in the form of (22)

f=al” (22)

In this formulation a and b are not constant, they are
a function of the other parameters of the system model.

¢ For a fixed time constant, increasing system delay
leads to larger f .

e Plots comparisons show that increasing time
constant, decreases the above effect, which means
that 6/7 is an important parameter in f and not
6 and 7 individually.

e With the above observations, we consider

a=x (x2 + x3(9/2'))(4 )rs ,b= (x6 + x5 (9/1'))68 )xg
in a very general form. In this equation, x; is

obtained using nonlinear regression techniques.

1Kop!im al

Teta=2

0 L I L L L I L I I
0 0.5 1 15 2 25 3 3.5 4 4.5 5

Tau=160

Toptimal

0 I I I I I I I N
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Gamma

Figure 5: Optimal f via other parameters.

These observations and some tests lead
formulation for f given below

to a simple

2 9 o 0.9
A=K, f=084 Z+0094| T (23)
T

This formulation is obtained using a nonlinear regression.
To show the accuracy of this formulation we compared
the optimal values of f with the values obtained from

(23), see Fig. 6. In Fig. 6, it is shown that the proposed
formulation is accreted enough.

5 T T T
==El- Optimal value
- ® Estimated
e s
h 4

&
=

foptimal
-

T

jommmmm

8-_1

[

%
-

120

Number of Models

Figure 6: Accuracy of the new formulation for f .

60

Amirkabir / MISC / Vol . 42 / No.2 / Fall 2010 / J



This formulation removes the deficiencies of the equation
of [10], for example for a very small delay in comparison
with time constant, this formulation yields to

A=fK*, f=0.825T" (24)

However, formulation in [10] yields A =0. Also, using
the parameter I', desired responses can be achieved; this
capability dose not exists in [8] and [10]. To have a
simpler formulation, three different values are chosen
for I'. We name I'=0.1 as the output error importance,
I'=1 as intermediate and I'=10 as the control effort
importance. With these notations, we have

(6 0.15
A=aK*| —+0.94
T

0.11 Output error importance : I' = 0.1 (25)
a=40.84 Intermediate:I"=1
6.67 Control effort importance: ' =10

In the special case, where the system delay is smaller
than its time constant, (25) would be simpler

0.105K* Output error importance
A=40.832K> Intermediate (26)
6.608K> Control effort importance

5. SIMULATION AND EXPERIMENTAL RESULTS

A. Simulation Results

In this section, the proposed tuning method is tested
via simulation study of a pH neutralization process [22]-
[23]. A schematic diagram of the pH neutralization
process is depicted in Fig. 7.

This process is a well-known and standard bench mark
system for comparing single loop and also multivariable
control strategies. Here, we deal with the single input-
single output pH process. The process consists of acid,
base and buffer streams that are mixed in a vessel. In the
SISO case, acid (HNO;) steam is a measured system
disturbance, base (NaOH) steam is the control signal and
a buffer (NaHCO;, NaOH) stream is unmeasured
disturbance of system.

(Buffer) u, (Base) U,

(Acid) 1,

o
h] Og

—— pH
Figure 7: pH neutralization schematic.

The control objective is to control the value of the pH
of the outlet stream. It is assumed that the level of the
solution in Continues Stirred Tank Reactor (CSTR) is
fixed. The acid, base and buffer flow rates are presented
respectively by u,,u; andu, . It is proposed that the pH
of the outlet stream is measured at a distance from the
plant, which introduces a measurement time delay & .

The dynamic model for reaction invariants of the effluent
solution (w,,w, ) is given by (27)

i= fla)+ g () + plahuy

=[xl = v

r T
f(x) = %(Wm _xl)’%(WhS _xz)
:1 1 : 27)
g(x) = V(Wm _xl)’V(Wbl _xz):l
M1 I !
plx)= V(Waz X )’V(th X ):|
The static part of this process is given by
e xli+2x10)
h(x,y):x]+10’ 4107 +W (28)
In (28), pk, and pk, are the first and second

disassociation constants of the acid, respectively. The
nominal pH parameters and operating conditions are
given in Table 4.

TABLE 4
NOMINAL PH PROCESS OPERATING CONDITIONS

u, =15.55 ml/s

u, =0.55 ml/s

W, ==3.05x10" mol
W,, =-3x107% mol

u; =16.6 ml/s

V = Ah = 2900 ml
W,, =5x107 mol
W,, =3x107% mol

W,, =3x107° mol W5 =0 mol

W, =-4.32x10"* mol W, =5.28x10" mol
pk, =635 pk, =10.25

y=17.0 6 =30 sec

This process is highly nonlinear and the control objective
is to achieve pH=7. Through an open loop step test, we
can find the linear model of pH process around this
operating point as

—30s
G(S) _ 04976‘
855 +1

The control objectives are set point tracking and buffer
disturbance rejection around pH=7. Note that in the pH
neutralization process, change in buffer is a disturbance
[23]. All tuning parameters for this system can be found
in Table 5. In this case study, tuning formulation in [8]
and [10] and proposed tuning in this paper are compared.
Figure 8 shows the closed loop responses. Both output

(29)
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and control signals are shown in this figure.

Table 5 also summarizes the properties of different
tuning methods. In this table, IAE is integral absolute
error of output, Z”z shows the control signal energy,

ZAuz shows the control effort energy, OV stands for the

overshoot and finally TS means settling time with criteria
of 2%. These parameters are considered for tracking from
pH=7.2 to pH=7.

7.4 T T

----- Reference
------- (Shridhar and Cooper, 1997) | |
(lglesias et al., 2006)
== Proposed (Gamma=1)
----- Proposed (Gamma=10)
—-=-=-- Proposed (Gamma=0.1)

7.3

7.2

71

3 7

6.9

I
11 1.2 13 1.4
Time (sec) x 10°

T
------- (Shridhar and Cooper, 1997)
(Iglesias et al., 2006)
= Proposed (Gamma=1)
----- Proposed (Gamma=10)
=-=-=-- Proposed (Gamma=0.1) ui

Base

0.8 0.9 1 11 1.2 13 14
Time (sec) x 10"

Figure 8: Case study 1, simulation test.

Figure 8 along with the information in Table 5, show
that formulation of Shridhar and Cooper in reference [8]
leads to a fast response, little output error and a large
control effort with a large overshoot in control signal.
Tuning method proposed by Iglesias et al. in reference
[10] leads to a slow response in tracking and disturbance
rejection. The proposed method with I'=1 has a good
tracking and disturbance rejection performance but a
little worse than the method in [8], with an acceptable
overshoot in control signal. In the case of I'=10 a
smooth control signal with slow response in output is
obtained. Finally, the proposed method with I'=0.1 has
a similar response to the method proposed by Shridhar
and Cooper [8]. In overall I' =1 is a good choice leading
to a good response in output and also a smooth control
signal.

TABLE 5
PERFORMANCE COMPARISON OF DMC TUNING METHODS, CASE

StupYl.
Method  Method
Method of [8] of [10] Proposed Method

r - - 0.1 1 10
T, 8 8 8 8 8
P 40 40 40 40 40
N 80 80 80 80 80
M 4 4 4 4 4

A 0.063 0.52 0.026 0.207 1.65

IAE 34.4 37.1 34.68 34.32 42.14

2.457e+6 245646 2.458e+6 2.457e+6 2.455e+6

S

ZAMZ 82.72 10.76 93.8 167.4 5.37
TS 233 249 211 264 285

OVinu 227 89 307 139 51

OViny 28.7 10.7 33.3 18.6 4.4

Robustness Analysis. It is shown that the proposed
method is more robust to model uncertainties than the
method in [8]. The tuning formulation proposed by
Iglasias et al. in reference [10] is not considered due to its
poor performance. As stated in [23], change in the buffer
steam changes the behavior of the plant. The nominal
value of the buffer stream is 0.55 ml/s. To study
robustness of the tuning method, buffer stream is
changed to 0.42 ml/s. If we were aware of this change,
the new model of system in around pH=7 would be as,

_ 0.66¢7"

KTy a0

This shows a 32.8% increase in system gain and 20%

decrease in system time constant and the delay of system

has no change. Fig. 9 shows the results. In this study,

tracking around pH=7 is considered. It is shown that the

proposed method with I'=1 is more robust than the

developed method in [8].
9

----- Reference
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— (Shridhar and Cooper, 1997)
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20 T
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Figure 9: Case study 1, robustness analysis.
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B. Experimental Results

In this section, the proposed algorithm is implemented
experimentally. The considered plant is a lab-scale water
tank system. The structure of the plant is depicted in Fig.
10 and the real plant is given in Fig.11.

The control goal in this system is water level control
in tank 1. Hand valve 8 determines the flow of outlet
stream from the bottom of the main tank. A big reservoir
tank 2 gathers outlet water and a pump 3 circulates the
water. Flow of the pumped water is controlled by a
control valve 5. This water pours to the main tank. A
Level sensor measures the level of water in the main
tank. Controller 6 should observe this measurement and
apply appropriate command to the control valve.

7

1: Level Tank

2: Reservoir

3: Pump

4: Inlet Cock

5: Control Valve

6: Pressure
Transducer

b 7: External Controller
8: Current/Pressure
< Transducer

9: Outlet Cock

10: Bypass

11: Hose Connection
for Cascade
Operation

Figure 11: Level control process.

The plant output range is 0 to 60 centimeters. The
linear operating range is 30 to 45 centimeters. First,
FOPDT model of the system is achieved by step
responses as,

SE—SS
(5)= 80s+1

Control objectives are both set point tracking and

disturbance rejection. So, a set point change from 30cm
to 40cm in 1280sec, 40cm to 35cm in 1760sec and a
disturbance in 2232sec are considered. The disturbance is
change in the outlet cock. In Tablel all tuning parameters
of controller for this plant can be found. Figure 12 shows
the results of the DMC tuning methods.
According to Fig. 12, it is shown that the tuning method
developed by Shridhar and Cooper, yields a fast closed
loop response with a high control cost. This large control
signal is not suitable in practice. As noted before, the
formulation proposed by Iglesias et al. in the case of
large K, yields a fast response and an undesirable
overshoot in control signal appears, see Fig. 12. The
proposed method with I'=1 yields a proper result in
both output and control signal. Again I'=0.1 yields to a
fast response and little error in output but a large cost in
control signal. Finally I'=10 has slow tracking and
disturbance rejection performance with soft control
signal. Details are given in Table 6.
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Control Effort

—— (Shridhar and Cooper, 1997)
L (Iglesias et al., 2006) M
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Figure 12: Experimental test results on Level plant.

TABLE 6
PERFORMANCE COMPARISON OF DMC TUNING METHODS, CASE
STUDY?2.
Method Method
Method of [8] of [10] Proposed Method
r - - 0.1 1 10
T, 8 8 8 8 8
P 40 40 40 40 40
N 80 80 80 80 80
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