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Abstract- In this work authors have carried out a study 

on the sensibility and stability shown by a concrete 

algorithm named Dynamic Matrix Control (DMC) that 

belongs to a wide family of Model Predictive Controllers 

(MPC). That study has used three indexes, i.e., ta5, tr100 

and tp, and a total of 840 different experiments have been 

completed with different combinations of several 

parameters, being the prediction horizon the most 

important in the experimental setup. The result of this 

study is that the ta5 and tp indexes are influenced by the 

prediction horizon p, but the tr100 index does not show 

that behavior. 
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I. INTRODUCTION                                                              

Model Predictive Control (MPC) is a generic control 

technique instantiated by means of a wide set of advanced 

control algorithms devoted to deal with complex systems. 

Different instantiations of this type of advanced 

controllers have been used and compared with 

Proportional Integrative Derivative (PID) controllers [4, 

13], showing a good performance. We can found many 

applications in the literature, such as energy management 

[1], signal processing applications [9], multi-robot 

systems implementation [5, 6] and motor control [10], 

among others. They have shown their suitability for being 

implemented by means of neural networks [7], taking 

advance of their benefits. One of the most used of these 

algorithms is the Dynamic Matrix Control (DMC) 

algorithm. The main objective of this paper is to analyze 

the sensitivity of the objective function (and their 

components) of the DMC controllers under the effect of 

different prediction horizon values because we have 

neither studied nor found in the literature any study about 

the influence of the control horizon p on that objective 

function.  

 

Table 1. Description of the response indexes 
 

Description Index 

Time elapsed between the rising edge of the 

reference step w and the stabilization of the output 

of the system  in the neighborhood of 5% of the 

reference value w 

ta5 

Time elapsed between the rising edge of the 

reference step w and the output of the system when 

it reaches the first time the reference value w 
tr100 

Peak time, i.e., the time elapsed between the step 

takes place until the overshoot occurs. 
tp 

 

The paper is structured as follows. In the second 

section, we give a brief background and references about 

MPC and DMC. The third section introduces the 

immediacy and stability index that are used in this work. 

In the fourth section, we describe briefly the experimental 

design that we have carried out. The fifth, sixth and 

seventh sections discuss the results obtained on the 

analyzed indexes. Finally, the last section provides the 

conclusions of the paper. 

 

II. BACKGROUND 

This section gives a brief background and recalls 

some basic concepts and references of the literature 

where a good background on Model Predictive Control 

(MPC) and Dynamic Matrix Control (DMC) can be 

found. 

Model Predictive Control (MPC) is an advanced 

control technique used to control systems that do not 

show a good behavior using classic control schemas (e.g. 

Proportional-Integrative-Derivative PID controllers). 

MPC controllers work like the human brain in the sense 

that instead of using the past error between the output of 

the system and the desired value, they control the system 

predicting the value of the output in a short time, in such 

a way the system output is as closer as possible to its 

desired value for these moments. MPC involves a set of 

techniques that share several characteristics, and the 

designer has liberty to choose them. So, there are several 

types of predictive controllers.  
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The first one of these common characteristics is that 

there is a plant model, and it can be used a step response 

model, an impulse step response model, a transfer 

function, etc. It is used to predict the system output from 

the actual moment until p samples. The second one is the 

existence of an objective function that the controller has 

to optimize, while the last one is that there is a control 

law to minimize the objective function. Predictive 

controllers follow a sequence of steps: each sampling 

time, through the system model, the controller calculates 

the system output from now until p sampling times 

(prediction horizon), which depends on the future control 

signals that the controller will generate. A set of m 

control signals (control horizon) is calculated optimizing 

the objective function to be used along m sampling times. 

In each sampling time only the first of the set of m 

control signals is used, and at the next sampling time, all 

the process is executed again. 

For a deep insight about MPC and DMC see [2, 3, 8, 

11 and 12]. 

 

III. INMEDIACY AND STABILITY INDEXES  

       In this section we describe the three indexes which 

have been monitored along all the experimentation phase 

with different values of the p parameter. The first one is 

the ta5 index is also monitored and used to measure the 

stability of the system in the unorthodox sense of the time 

needed to the stabilization of the output of the system in 

the neighborhood of 5% of the reference value w. 

Obviously, the smaller the ta5 index, the more stable will 

be the controlled response of the system. On the other 

hand, the tr100 index tries to capture the immediacy of the 

response of the system in the sense of measuring the first 

time that the output of the system reaches the 100% of the 

reference value w. The smaller the tr100 index, the more 

immediate will be the controlled response of the system. 

Finally, the tp index measures the time elapsed between 

the step takes place until the overshoot occurs. The 

description of the three indexes can be found in Table 1, 

while the graphical representation is shown in Figure 1. 

 

 
 

Figure 1. Graphical representation of the response indexes 

 

IV. EXPERIMENTAL SETUP 

In this section the experimental design that has been 

used to study the effect of the prediction horizon p in the 

immediacy and stability indexes described in the previous 

section is described. A wide range of different values of 

the parameters p, m and λ have been combined. The 

values that have been used for the prediction horizon p 

(the parameter for which the analysis is being carried out) 

are {p ϵ [2, 5, 8, 11, 14, 17, 20]}. The range of values for 

the control horizon m is contained in the set {m ϵ N + ˄ m 

ϵ [1, 20]}. Finally, the values of the λ parameter are {λ ϵ 

[10-3, 10-2, 10-1, 1, 101, 102]}. Carrying out the Cartesian 

product of these ranges, the result is an experimental 

design composed of 840 simulations. With regard to the 

system that has been used to carry out the 

experimentation, the main part of the argumentation on 

its utilization has been intentionally omitted due to space 

issues. Its detailed description, the determination of the 

working point can be found in [4]. Its dynamics is 

described through Equation (1) and its response though 

Figure 2, while controlled by means of a discrete PID 

controller tuned using the Ziegler-Nichols method. There 

we can see that its response is clearly unstable when the 

system is excited by a unitary step. 

 
1

0.5
H z

z



 (1) 

 

 
 

Figure 2. Unstable response of the closed loop system while controlled 

by a discrete PID controller (excited by a unitary step) 

 

V. SENSITIVITY OF ta5 INDEX 

In this subsection we describe the results that we have 

reached on the sensibility of the ta5 stability index under 

the controlling action of DMC controllers with different 

prediction horizon p values. A number of figures have 

been obtained varying the p parameter, as can be seen 

through Figures 3-7. In this case a very clear influence of 

the p parameter can be observed because the larger is p, 

the smaller is ta5. For all values of the p parameter, there 

are one or more combinations of the m and λ parameters 

that allows to the ta5 index to go from close to 0 s to more 

than 102 s. 

 
 

Figure 3. ta5 with p = 2 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 21, Vol. 6, No. 4, Dec. 2014 

 51 

 
 

Figure 4. ta5 with p = 5 

 

 
 

Figure 5. ta5 with p = 8 

 

 
 

Figure 6. ta5 with p = 11 

 

 
 

Figure 7. ta5 with p = 14 

 
 

Figure 8. ta5 with p = 17 

 

 
 

Figure 9. ta5 with p = 20 

 

VI. SENSITIVITY OF tr100 INDEX 

       In this subsection we describe the results that have 

been found on the sensibility of the tr100 immediacy index 

under the controlling action of DMC controllers with 

different prediction horizon p values. A number of figures 

have been obtained varying the p parameter, as can be 

seen through Figures 10-16.  

After analyzing those figures, we can conclude that in 

general, the shape of the immediacy index tr100 is 

maintained for a concrete combination of values of the m 

and λ parameters, with different values of the p 

parameter. The range of values goes from 100 s (with 

small values of the λ parameter, independently of the 

value of the m parameter) to more than 103 s, indicating 

these very large values that the simulation has finished 

before the output of the system has reached the reference 

w, i.e., there is not overshot.  

For a given values of the m and λ parameters, the 

value of the tr100 index increases and becomes slightly 

worst as the prediction horizon p increases. This is 

because the predictions of the future output of the 

controlled system are less accurate when there is more 

distant in time. For all values of the p parameter, with 

m=1 a worst result than with m≥2 is obtained.  

In general, the shape of the curves is similar to those 

of the ta5 immediacy index because if the output of the 

controlled system is slow to rise and approach to the 
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reference signal w, obviously it will also be slow to 

establish in its neighborhood. Due to this reason the 

values of ta5 are larger than of tr100 in general for the same 

combination of parameters.  

However there are some combinations for which this 

does not happen: it is because in these cases there is a 

large damping and the output signal does not reach the 

reference w, but its gets close to it falling into its 

neighborhood. Finally, we have realized that the λ 

parameter is determinant because except with very large 

values of λ, value of the tr100 index remains under 10 s. 

 

 
 

Figure 10. tr100 with p = 2 

 

 
 

Figure 11. tr100 with p = 5 

 

 
 

Figure 12. tr100 with p = 8 

 
 

Figure 13. tr100 with p = 11 
 

 
 

Figure 14. tr100 with p = 14 
 

 
 

Figure 15. tr100 with p = 17 
 

 
 

Figure 16. tr100 with p = 20 
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VII. SENSITIVITY OF tp INDEX 

In this subsection we summarize the effect on the tp 

performance index values, taking into consideration 

Figures 17-23, reaching the following conclusions. There 

is not a clear influence of the prediction horizon 

parameter on the moment 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  parameter. Its value is usually 

around 20 or 30 sample 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 some 

configurations it takes place before of 5 seconds after the 

reference signal. 
 

 
 

Figure 17. tp with p = 2 

 
 

Figure 18. tp with p = 5 

 
 

Figure 19. tp with p = 8 

 

 
 

Figure 20. tp with p = 11 

 

 
 

Figure 21. tp with p = 14 
 

 
 

Figure 22. tp with p = 17 

 
 

Figure 23. tp with p = 20 
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VIII. CONCLUSIONS 

The paper started with a first section, which describes 

the scope and applications of Model Predictive Control 

and Dynamic Matrix Control, at the same time that the 

objective of the paper is stated. A brief background is 

given in the second section, while in the third section the 

used indexes are described. Later we have described the 

experimental design that involves 840 experiments. The 

results discussed in the fifth, sixth and seventh sections 

show that the prediction horizon p is significant regarding 

the ta5 and tp indexes, however it is does not exert a very 

important effect on the index tr100. 

 

NOMENCLATURES 

p: The prediction horizon 

m: The control horizon 

λ: The parameter of the DMC controller related to its 

embodiment 

t: The time instant 

w : The reference signal 

tr100: The immediacy index 

ta5: The stability index 
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