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Abstract In this paper authors propose to study the influence of the prediction horizon on Dynamic Matrix Control
(DM C). This kind of controllers is a part icular type of Model Predict ive Control (MPC), wh ich are framed as advanced
controllers. To follow a scientific procedure and to objectify such influence, authors have taken into consideration a set of
indexes defined to measure the performance reached at the output of a system when it is controlled by different DM C
controllers, which have been synthesized vary ing in a planned and systematic way the value o f the pred iction horizon. The
system on which the influence of the parameter has been analysed has been chosen because it has shown to be difficu lt to
control using classical control schemes, as a discretized Proportional Integral Derivative (PID) control tuned by means of the
Ziegler-Nichols method. In this study 720 d ifferent experiments have been carried out, and the effect of the prediction
horizon parameter is summarized by means a number of figures.
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1. Introduction
Dynamic Matrix Control (DMC) is a concrete type of
M odel Pred ict ive Cont ro l (M PC), wh ich is a set o f
advanced control schemas, i.e., they are more advanced
than Proportional Integral Derivative (PID) controllers. In
the literature, this type of advanced controllers has been
used and co mpared with class ic PID cont ro llers [13],
showing a good behaviour. Based on previous works[1][9],
our research group has been working with DM C controllers
o b t ain in g s o me accu rat e an d ef f ic ien t n eu ro n al
imp lementat ions[5], even for Lin ked Mult i-Co mponent
Robotic Systems (LM CRS)[6][7]. A long the development
of these works, we have realized the importance of certain
parameters on the perfo rmance o f pred ictive controllers.
Ttherefore, apart fro m the previous works our group has
also conducted a systematic study to analyze the effect of
t h e l a mb d a p a ra met e r o n t h e DM C co n t ro l l ers
perfo rmance[4]. Ho wever, we have neither studied nor
found in the literature any study about the influence of the
prediction horizon p of the DM C controller, because it is
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usually supposed a fixed imp lementation of the predictive
controller, wh ich is defined by a concrete p value. The main
objective of this paper is to study the effect of the p
parameter in the perfo rmance of a DM C controller.
The paper is structured as follows. In the second section,
we recall so me basic concepts of MPC and DM C to address
the importance and the ro le o f the p parameter in such
control scheme. In the third section, we describe the
experimental design we have carried out, detailing the
indexes we have used to describe the performance o f the
DMC controllers, the system and the working point they
have been working in to assess the effect of changes in the p
parameter and the tested values for that parameter. In the
fourth section, we discuss the experimental results that we
have obtained, enumerating the particular effect caused in
each of the performance indexes. The last section provides
our conclusions. Finally, we have added four appendixes
with figures which summarize the 720 experiments that
have been carried out along this study.

2. Background
This section reviews some basic concepts about Model
Predictive Control (MPC) as a general technique, and about a
concrete technique called Dynamic Matrix Control (DM C).

International Journal of Control Science and Engineering 2013, 3(1): 22-30

2.1. Model Predicti ve Control (MPC)
MPC is an advanced control technique used to deal with
systems that are not controllable using classic control
schemas. This kind of controllers works like the human brain
in the sense that instead of using the past error between the
output of the system and the desired value, it controls the
system predicting the value of the output in a short time, so
the system output is as closer as possible to its desired value
for these moments. Predictive Control is not a concrete
technique, it is a set of techniques that have several co mmon
characteristics: there is a world model which is used to
predict the system output from the actual mo ment until p
samples, an objective function that must be minimized and a
control law wh ich min imizes the objective function. A
predictive controller fo llo ws the follo wing steps:
→ Each sampling time, through the system model, the
controller calculates the system output from now until p
sampling times (pred iction horizon), which depends on the
future control signals that the controller will generate.
→A set of m control signals is calculated optimizing the
objective function to be used along m sampling times
(control horizon).
→In each sampling time on ly the first of the set of m
control signals is used, and at the next samp ling time, all the
process is repeated again.
The concept of Predictive Control is a set of techniques
that share certain characteristics, and the engineer has liberty
to choose them. So, there are several types of predictive
controllers. These common characteristics are the follo wing:
→There is a plant model, and it can be used a step
response model, an impulse step response model, a transfer
function, etc.
→There is an objective function that the controller has to
optimize.
→There is a control law to minimize the objective
function.
To learn more about Predictive Control in general and
about diverse predictive control algorithms, see[3],[2],[8],
[12],[10] and[11].
2.2. Dynamic Matrix Control (DMC)
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2.2.2. Pred iction Model
Using the step response model to model the system and
maintaining the hypothesis that perturbations over the
system are constants, it is possible to calculate a prediction at
the instant t of the output until the instant (t + p ) under the
effect of m control actions. That prediction is g iven by the eq.
(2):
(2)
yˆ = G ∆u + f
being

ŷ

the prediction of the output,

G

a matrix which

contains the system dynamics and f the free response of
the system. In eq. (3) we show the dimensions of the matrix
and vectors involved in eq. (2).
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In eq. (4) we describe how the free response of the system
f (t, k ) is calculated:
N

f (t , k ) = y m (t ) + ∑ ( g k +i − g i )∆u (t − i )

(4)

i =1

Control Law The derivation of the control law is based on
the existence of an objective function, which uses the future
outputs prediction model that we have described before. As
objective function we used the described by eq. (5).

DMC is a concrete MPC algorith m that fixes each of the
p
m
2
2
three characteristics we have described previously as we will
=
J ∑  yˆ ( t + j | t ) − w ( t + j )  + ∑ λ  ∆u ( t + j − 1)  (5)
see below. To learn mo re about Dynamic
Matrix
Control,
=j 1 =j 1
see[3],[2],[8] and[12].
We have to min imize the difference between the reference
and
the output prediction along a prediction horizon p with
2.2.1. System Model
the m control act ions generated in the control horizon,
The plant model used by DMC algorith m is the step modulating the roughness in the variation of the manipulated
response model. This model uses the g i coefficients that variables using the λ parameter. Min imizing the objective
are the output of the lineal system when it is excited using a function J described in eq. (5) we obtain the following
step. To reduce the nu mber of coefficients we assume that expression, which produces m control actions, although at t
the system is stable and the output does not change after only one of them is used:
−1
some samp ling t ime k. The expression of the output of the
(6)
∆u = G t G + λI G t (w − f ) m
system is given through eq. (1):

[(

)

]
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After this brief introduction, we can understand the role of
the p parameter and intuit which might be the influence on
the controller performance due to changes in that parameter.

3. Experimental Design

system when it is controlled by a MPC controller and when
the reference is a unitary step of arbitrary frequency. The
indexes we have used to measure the performance are
described in Table 1. Besides, Figure 1 shows a graphical
representation of those indexes.
3.2. System and Working Point to Study

In this section we provide the experimental design of the
study we have carried out to assess the influence of the
prediction horizon parameter in DM C controllers
performance. First, we detail the defin ition of the
performance indexes that we have used. Then, the system
whose response will be analysed is specified in a motivated
way. We also discuss the working point of the controlled
system. Finally, we specify the set of experiments that we
have carried out to obtain significant results.

We have analysed the discretized system described by eq.
(7). Th is is a quite simple but interesting system because it
shows an unstable response when the reference is a unitary
step and it is
controlled by
a discretized
Proportional-Integral-Derivative (PID) controller in a closed
loop configuration, which has been tuned by means of the
Ziegler-Nichols method. That unstable response is shown in
Figure 2.

3.1. Performance Indexes Definition
11
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Figure 2. Unstable response of the system when it is controlled by a
discretized PID controller
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Figure 1. Graphical representation of the performance indexes
Table 1. Symbol and description of several performance indexes used in
the experimental design
Symbol

mse

Mp
tp

ts

Description
Mean squared error between the reference and the
system output.
Peak time, i.e., the time elapsed between the step
takes place until the overshoot occurs.
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.

To assess the influence of the p parameter of the DM C
controller we have defined several indexes. These indexes
are focused on the performance reached at the output of the

1
z − 0.5

(7)

To determine the wo rking point of the system, i.e., the
frequency of the unitary step signal which is at the input of
the closed loop system as reference, we have used the Bode
diagram shown in Figure 3. Based on that diagram, we have
chosen a frequency of 30 sample times because it is a
frequency at which the given gain is representative of many
other frequencies for that system.
3.3. Sensitivity Analysis
As stated before, the main objective of this paper is to
analyse the influence o f the p rediction horizon parameter in
DMC controllers. Therefore, we have studied the behaviour
of the previously specified system at that working point
when it is controlled by DMC controllers varying the value
of the p parameter. The values which have been chosen are 1,
3, 6, 10, 15 and 20. The values of the λ parameter are 10-3 ,
10-2 , 10-1 , 1, 101 and 102 .
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Figure 3.

Bode diagram used to determine the working point of the system

4. Experimental Results
In this section we provide several results regarding to the
performance indexes which we introduced in the section
devoted to the experimental design, i.e., the parameter
sensitivity analysis specified in that section is carried out.
4.1. Effect on Mse Value
In this subsection we are going to enumerate the effects on
the mse performance index values, taking into
consideration Figures 4-9 of the Appendix I. The following
are the main conclusions:
→In general, we can see that with increasing values of the
p parameter, the value of the mse index becomes lower for
each combination of (m, λ ) parameters values.
→The mse index value ranges fro m about 10-7 to about

performance index values, taking into consideration Figures
10-15 o f the Appendix II, being these the main conclusions:
→In all cases, independently of the value of the prediction
horizon, the overshot is less that 0 when there is a high value
of the lambda parameter because the reference value is not
reached. This circu mstance is clearly observed when p=1
and p=3.
→Independently of the value of the prediction horizon p,
if the control horizon m is small, the Mp value increases
reaching peak values larger to 30% when the value of the λ
parameter is small and p≥10.
→In the remaining situations, the effect of the p parameter
is not significant because the Mp values are near to 5%.
4.3. Effect on tp value

3.10-1 , with different co mbinations of (m, λ ) parameters
values.
→The worst results are produced when the λ parameter is
very high, but if the control horizon parameter m increases,
the results are relat ively better.
→As the p parameter value increases, the mse index
value becomes relatively low, however it increases again
when p≥10.
→The most likely reason for this effect is that it is
convenient to predict the output of the system, but if we try to
predict it at a very distant sample time, that prediction will be
less accurate.
→Also, we can notice that it makes no sense to use a
control horizon m larger than the prediction horizon p.

In this subsection we summarize the effect on the tp
performance index values, taking into consideration Figures
16-21 of the Appendix III, being these the main conclusions:
→There is not a clear influence of the prediction horizon
parameter on the mo ment when the overshoot takes place
(the tp performance index), because its value does not
experiment large changes due to the p parameter value, but
rather due to the λ parameter. Its value is usually around 20
or 30 samp le times, and the peak usually occurs at the end of
the pulse, just before the falling edge.
→The main conclusion is that it takes place on the range
of 20-30 seconds after the unitary step signal with the most
of the configurations. Only when p=1, in so me
configurations it takes place before of 5 seconds after the
reference signal.

4.2. Effect on M p value

4.4. Effect on ts value

In this subsection we summarize the effect on the Mp

In this subsection we expose the effect on the t s
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performance index values, taking in consideration Figures
22-27 of the Appendix IV. The follo wing are the main
conclusions:
→It looks like the prediction horizon parameter does not
have a great influence on this performance index. Its value
depends more on lambda than on p or m.
→The values go fro m 0 with very s mall values of the λ
parameter to 25 with very large values of λ, occurring peaks
with intermediate values (not extreme) of p parameter.

5. Conclusions
In this paper we have studied the influence of the p
parameter on DM C controllers performance. We have
introduced the MPC and DMC controllers to frame the
importance of the prediction horizon. In the experimental
design we have specified the performance indexes which we
have taken into account and the values used to the p
parameter. Once we have carried out a nu mber of
experiments, we have discussed the main results regarding to
each of the indexes. We have tested 120 structures of DMC
controllers for each value of prediction horizon, and as
summary, with the specificities that we have shown through
figures, we can conclude that a low-intermed iate value of the
p parameter results in a better performance of the DMC
controllers.

Figure 4. mse with p=1
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Figure 5. mse with p=3

APENDIX I. Influence on mse value

Figure 6. mse with p=6
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Figure 7. mse with p=10
Figure 10. Mp with p=1

Figure 8. mse with p=15
Figure 11. Mp with p=3

Figure 9. mse with p=20
Figure 12. Mp with p=6

APENDIX II. Influence on Mp value
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Figure 13. Mp with p=10

Figure 14.

Figure 16. tp with p=1

Mp with p=15
Figure 17.

tp with p=3

Figure 15. Mp with p=20
Figure 18. tp with p=6

APENDIX III. Influence on t p value
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Figure 19. tp with p=10

Figure 20.

Figure 22.

ts with p=1

tp with p=15
Figure 23. ts with p=3

Figure 21.

tp with p=20

APENDIX IV. Influence on t s value

Figure 24.

ts with p=6
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