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Abstract- In this work authors study the sensibility of two Besides, one of these indexes can be considered as a
time response performance indexes and one stability index  stability indicator, as we may see later when they will be
to the control horizon parameter in a concrete Model  discussed deeply. The paper is structured as follows. In the
Predictive Control (MPC) technique named Dynamic  second section, we recall some classic references about
Matrix Control (DMC). During the experimentation phase, MPC and DMC, where fundamental explanations about
840 different configurations have been tested. In order to  MPC and DMC will be found, and the importance and the
provide higher insight, to carry out the experiments we  role of the m parameter in such control scheme will be
have chosen a system that has shown to be unstable when  exposed. A reference to a previous work where the
it has been tried to control with a PID tuned with a heuristic ~ controlled system and its working point are detailed.
method, showing that the value of the time response and In the third section, we describe briefly and represent
stability performance indexes vary with a concrete pattern.  graphically the time response performance indexes that we
have used to describe the performance and the stability of
Keywords: Time Response Index, Control Horizon, the DMC controllers. The fourth section gives the

Model Predictive Control, Dynamic Matrix Control. experimental setup that we have carried out. The fifth
section exposes the results obtained on the t, index, the
1. INTRODUCTION sixth on the t; index and the seventh on the t., index,

Model Predictive Control (MPC) is control paradigm  explaining the effects of the changing parameter on each
composed of a wide set of advanced control techniques index independently. Finally, the last section provides our
devoted to deal with complex systems. This type of  conclusions.
advanced controllers has been used and compared with

classic PID controllers [4, 13], showing a good Il. BACKGROUND AND PREVIOUS RELATED
performance. In the literature they have been used for a WORKS
wide variety of applications, such as energy management In this section, we are going to give a brief background

[1], signal processing applications [9], multi-robot systems  and to recall some classic references of the literature where
implementation [5, 6] and motor control [10], among  agood background on MPC and DMC can be found. MPC
others. Besides, they have shown their suitability for being is an advanced control technique used to deal with systems
implemented by means of neural networks [7], taking  that are not controllable using classic control schemas, e.g.
advance of their benefits. Proportional-Integral-Derivative (PID) controllers. In fact,
One of the most popular of these techniques is the it is not a concrete technique, it is a set of algorithms with
Dynamic Matrix Control (DMC) algorithm, and the main  several common characteristics, there is a world model that
objective of this paper is to analyze the sensitivity of three  is used to predict the system output from the actual instant

time response performance indexes under the effect of  until p samples.
different control horizon values. Because we have neither An objective function that must be minimized and a
studied nor found in the literature any study about the  control law Au(t), which minimizes that objective,
influence of the control horizon m on these time response  function by m control actions, and a A parameter that
performance indexes. In the opinion of authors, this  defines the embodiment of the controller. For a deep
circumstance arises because it is usually supposed a fixed  insight about MPC and DMC see [2, 3, 8, 11, 12]. Finally,
implementation of the predictive controller, which is  with regard to the system that has been used to carry out
defined by a concrete set of the p, m and / parameters. the experiments, the main part of the argumentation on its
utilization has been intentionally omitted due to space
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issues. Its detailed description, the determination of the
working point can be found in [4]. At this point, we only
describe its dynamics through Equation (1) and its
response though Figure 1 while controlled by means of a
discrete  PID controller tuned by means of the
Ziegler-Nichols method. There we can see that its response
is clearly unstable.

1)
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Figure 1. Unstable response of the closed loop system while controlled
by a discrete PID controller tuned by means of the Ziegler-Nichols
method

I1l. TIME AND STABILITY RESPONSE INDEXES
In this section, we describe the three-time response
indexes that we have monitored during experimentation
carried out, paying attention to the time response of the
output of the controller relative to the reference signal. The
three time response indexes are described in Table 1, while
a graphical representation is shown in Figure 2. The first
two indexes are relatives to the speed of reaching the level
of the reference signal, while the last is devoted to measure
the time needed to obtain a stabilized signal with an error
in the neighborhood of 2% of the reference signal, so it can
be understood as a stability index.

Table 1. Description of the time response indexes

Index Description
Peak time, i.e., the time elapsed between the step takes
place until the overshoot occurs
Time elapsed between the output goes from 10% to 90% of
the reference value
Time elapsed between the rising edge of the reference and the
stabilization of the output in the neighborhood of 2% of the
reference value
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Figure 2. Graphical representation of the time performance indexes

IV. EXPERIMENTAL SETUP

As stated in the introduction section, the main
objective of this work is the study of the time performance
indexes sensitivity to the control horizon parameter m. To
give deeper insight in this regard, we have designed a set
of experiments that we describe in this section. A number
of different values of the parameters p, m and A have been
taken. The values that have been involved for the control
horizon m (the parameter for which the sensibility study is
carried out) are {m e [1, 3, 5, 7, 10, 15, 20]}. The value for
the prediction horizon p is contained inthe set {pe N * A p
€ [1, 20]}. Finally, the values of the 4 parameter are {1 €
[10% 102,107, 1, 10%, 10?]}. Making Cartesian product of
these sets, the result is composed of 840 experiments.
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Figure 5. t, withm =5

V. SENSITIVITY OF t, INDEX
In this subsection, we discuss the results that we have
obtained on the sensibility of the t, time performance index
under the controlling action of DMC controllers with
different control horizon m values. A number of figures
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have been obtained varying the m parameter, as can be
seen through Figures 3-9. In Figure 3 we can see that there
is a quite small value for the peak time t, less than 5 s with
m = 1 when small to medium range of values of the A
parameter are involved, resulting in a large value of 30 s
for large values of that parameter. With larger values of m
of 3, 5, 7, 10, 15 and 20 we can see in Figures 4 to 9
respectively that with increasing values of the control
horizon m. The value of the t, time performance index
becomes larger independently of the prediction horizon
parameter of the controller, because for the most part of
them it is usual to see peak values of 25 s.

The only obvious pattern seems to be that with medium
values of the embodiment parameter 1 the peak time
decreases significantly near to 5 s, otherwise with very low
and very large values, it increases again. After this analysis
and with regard to the peak time performance index, it is
convenient to use a very moderate value of m, because in
addition to make the calculus more complex with a larger
vector Au(t) and matrix G, the resulting output does not
reach better values of this index.
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Figure 8. t, with m =15
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Figure 10. t; withm=1
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Figure 12. t,withm=5

VI. SENSITIVITY OF ts INDEX
In this subsection we describe the results that we have
reached on the sensibility of the ts time performance index
under the controlling action of DMC controllers with
different control horizon m values. A number of figures
have been obtained varying the m parameter, as can be
seen through Figures 10 to 16.
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After analyzing those figures, we can conclude that
there is not a clear pattern regarding the t; performance
index in respect of the m parameter, because with the
smallest value of m = 1 we obtain the best response (with
a maximum of t; = 10 s) of all the obtained results varying
that parameter. With the next tested value, i.e., with m = 3,
we obtain the worst value (a maximum of t; = 25 s), while
with the remaining valuesof m=5 m=7,m=10,m=15
and m = 20, the values of the time performance index falls
to a maximum of t; = 15 s.
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Figure 13. t; withm=7
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Figure 14. t; with m = 10

Figure 15. t; with m = 15

The value of the prediction horizon p does not seem to
be significant except to very low values (until p = 3), for
which its contribution leads to poor results. However, the
most significant parameter is the embodiment parameter 1
because the best results (ts~ 0 s) are always obtained with
its smallest value, and the worst always with its larger
value.
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Figure 17. tp, withm=1
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Figure 19. t, withm=5

VII. SENSITIVITY OF ta2 INDEX
In this subsection we describe the results that we have
reached on the sensibility of the ta, stability performance
index under the controlling action of DMC controllers with
different control horizon m values. A number of figures
have been obtained varying the m parameter, as can be
seen through Figures 17-23.
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In this paper, the ta2 index is used as a kind of stability
index because it gives us an idea of how much time is
needed to reach an output value in the neighborhood of the
reference signal with a given precision. The first striking
result is obtained in Figure 17 with m = 1: with high values
of the embodiment parameter 4, a very high value of the ta,
index is reached. That circumstance means that the output
of the controlled system never reaches a value inside a
neighborhood of 2% of the reference signal. This poor
response is not obtained with the remaining tested values
of the m parameter.
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Figure 21. t, with m =10
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Figure 22. t, withm =15

In general, we state that for all tested values of the m
parameter the value of the embodiment parameter A is
relevant. As we can see in Figure 17-23 the value of the ta2
index is much larger with high values of that parameter
while it is near zero under several circumstances, being
one of them that 1 is small, as in Figure 23. Another
striking result is that with all tested values of m > 3 there
is a significant reduction of the ta, index with high values
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of the parameter A (that is just when the response is worst)
when the p parameter is small. Even with some values
(m=5,m=15, and m = 20) falls abruptly from peak values
to moderate ones.

The last remarkable result is that with a larger control
horizon m, e.g. with m = 20 (Figure 23), the value of the
taz index is very small for the most part of the combinations
of the 4 and p parameters. This means that even although
only the first component of the m components available
from the control vector is taken, a large control horizon
helps to obtain a more accurate prediction values, and that
helps to the overall process.
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Figure 23. t; with m =20

VIII. CONCLUSIONS

We have started this paper reviewing the scope and the
application field of Model Predictive Control (MPC) and
Dynamic Matrix Control (DMC) techniques in the first
section, giving a short background and referencing some
previous related works and relevant sources of information
regarding this general and particular technique. We have
motivated the study of the effect of the control horizon
parameter m on time performance indexes and we have
stated that as the objective of the paper. We have described
the two time performance indexes that have been involved
in this research and a stability response index.

Later we have described the experimental design that
has been carried out, generating a total of 840 experiments.
The fifth, sixth and seventh sections discuss the results that
have been reached showing them through a number of
figures, splitting the discussion based on each index. After
analyzing the reached results our conclusion is that the
control horizon parameter m is relevant regarding the time
and stability performance indexes of the DMC controller,
influenced in some way by the prediction horizon p and
the embodiment parameter A.

NOMENCLATURES
G: The dynamic matrix of the DMC controller
A: The parameter of the DMC controller related to its
embodiment.
m: The control horizon
t: The time instant
tao: The elapsed between the rising edge of the reference
and the stabilization of the output in the neighborhood of
2% of the reference value (performance index)
tp: The time elapsed between the step take place until the
overshoot occurs (performance index)
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ts: The time elapsed between the output goes from 10% to
90% of the reference value (performance index)

p: The prediction horizon

u(t): The whole input of the controlled system at time t
Au(t): The output of the DMC controller at time t
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