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Abstract - The instrumentation that is implemented in industrial processes currently has a large 
number of functions, due to the robustness and intolerance to failures that must show during its 
continuous operation. This characteristic raises the costs of these elements by reducing their possibility of 
being acquired by institutions dedicated to teaching instrumentation and control, such as; universities or 
technical education institutes. This problem limits the access of students to adequate technical training, 
which increases the gap between the industry and the academy. Some partial solutions are implemented 
through different software that allows an approach to industrial-type instruments through simulations; 
however, these do not yet contemplate all the variables that can be presented in practice. An alternative 
solution to this topic is proposed in this article, which shows a methodology to emulate the behavior of 
different actuators that can be had in practice using embedded systems. 
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I. INTRODUCTION 

The industrial instrumentation existing in the market is mostly used in the manufacturing lines of large 
companies due to its high cost; this characteristic reduces the access to this type of instruments to educational 
institutions, which does not allow the subjects of the technical subjects to be updated reducing the effectiveness 
of students in practical life [1-2]. 

Some partial solutions allow simulating certain behaviors of different elements of industrial type, such as: 
valves, motors or pneumatic actuators. However, the libraries of the elements that make up this type of 
simulator represent linear or ideal behavior, reducing the accuracy of the results obtained during the simulation. 
In addition, in some cases the authors use generic elements that are not homologous in a real implementation [3-
5]. 

These generic elements are usually modeled by mathematical expressions, which represent the dynamic 
behavior of the instrument. These behaviors are usually determined by ordinary differential equations, under 
certain criteria or restrictions among which are: the location, the operating time, the opposition to a magnitude, 
among others. One way to complement the analyzes by means of differential equations, is based on obtaining 
technical information from the manufacturers and thus parameterizing the elements that make up the control 
system or the instrument to be modeled [6-8]. 

These approximate models determine the stability of a system or take the system to a stable state by applying 
different control techniques, such as: Zieger Nichols, Cohen and Coon or the locus of the roots. These 
techniques have proven highly effective in achieving a system that reaches an expected value, however, they are 
limited to systems that work in continuous time and in practice, many control systems are based on digital 
controllers [9-10]. These controllers work with discrete signals and under different parameters than those 
estimated with continuous time models. This reduces the effectiveness of the analytical methods, since, when 
converting the parameters estimated in a continuous time system to a discrete time system, the margin of error 
between the original model and the one that is intended to lead to the practice [10]. 

By increasing the margin of error, the effectiveness of the controller is reduced, which does not allow the 
methods implemented analytically or simulated to become a tool for analyzing industrial processes by students 
[11]. Consequently, this paper describes a partial solution to the limitation that occurs in the approach to 
industrial models in an analytical manner, from the generation of different signals of a process through a digital 
system. The advantage of this strategy is that it allows generalizing different industrial instruments; therefore, it 
is flexible enough to allow the academic community to have an experience closer to the handling of industrial 
variables in academic spaces. The characteristics described above are organized as follows: Sections 2 and 3 
define the basic parameters for the treatment of discrete signals and their relationship with a control system. 
Section 4 presents the results obtained by implementing the simulation technique proposed in this article. 
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TABLE II.  System behavior. 

System behavior Behavior of mathematical expression 

 

TABLE III.  Driver response when simulating the process. 

PID tuning constants Behavior 

0.5 
10 
0.1. 

3 
1 
2. 

V. CONCLUSIONS 

The mechanism developed to emulate industrial processes is replicable, since it is based on the amount of 
process data to imitate a real instrument. An advantage of this method is that it reduces the margin of error that 
occurs when performing mathematical analyzes in an analytical manner, which benefits the researcher because 
processes with real and comparable elements are studied. This feature gives an added value to this type of 
simulations, because, they allow the simulator to find the appropriate set of elements based on parameters of 
manufacturers and not assumed as it is usually done conventionally. 
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The proposed model is relatively simple to implement in a microcontroller, since, compared with other 
prediction strategies of parameters of a system requires few parameters (3 parameters maximum) as can be seen 
in the models of neural networks (The number of neurons varies depending on the amount of data) or other 
types of approximations based on interpolation methods (The polynomial expands according to the number of 
terms is usually greater than 2). This feature gives the ARIMA models an advantage, since they consume few 
computational resources when implemented in a processing system. 

The identification of systems using the ARIMA models allows us to make an approximation with a margin 
of error close to 2%. This characteristic from the analytical point of view is quite good, since models with 
industrial approaches can be obtained from simple mathematical expressions. 
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