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Abstract  

The training of specialists in automation in Cuba is carried out through the career of Automation Engineering that 

has within its fundamental disciplines, the Control Systems discipline. For the development of laboratory practices, 

students work on physical or remote devices, in person or remotely, in the latter using Remote Laboratory Systems. 

The present investigation proposes a Remote Laboratory System for the practice of control of the Automatic 

Engineering career. A scale thermal process model is designed for experimentation. The main result was the 

availability of practices for system identification, controller design and controller execution in real processes. In 

addition, the implemented solution allows students to carry out studies of the behavior of the temperature variable, 

the controller's response in the designed process, the establishment times, among other variables. 

Keywords: automatic control; laboratory practices; Remote Laboratory System. 

 

1.Introduction 

In Cuba the Automation Engineering career has the mission of training specialists in the field of automation. The race has the 

Control Systems discipline. The study plan of the discipline is made up of a group of subjects that make up the basic curriculum 

such as: Modeling and simulation, Electrical Machinery, Control Engineering I, Control Engineering II, Processes, Process Control 

I and Electric Drive.  

In order to apply the contents of the Control Engineering II course, laboratory practices are carried out as a class typology. In 

this modality, students express the knowledge acquired in equipped laboratories, in correspondence with the required profile [1, 2]. 

In this context, the user can carry out the practicals in physical laboratories, with equipment related to the received subject, or carry 

out remote practices. To do this, they access centralized physical equipment remotely with the use of remote laboratories. 

Remote or Remote Laboratories are conventional laboratories with generally sophisticated or exclusive equipment that, 

through Web interfaces, allow the equipment to be manipulated remotely [1, 2]. This type of access facilitates the sharing of 

resources between various institutions, in this way the investment for equipment can be shared between several institutions and the 

number of specialized users increases, thus increasing academic benefits [3-5]. 
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The Remote Laboratories represent a place or environment whose function is to carry out a control over a physical system at 

a distance, with the aim of teleoperating a real system, carrying out experiments and accessing data through the network to obtain 

measurements [6, 7]. 

Among the characteristics that distinguish remote laboratories is the decrease in expenses for maintenance and equipment 

concepts [8], [9]. This feature is considered to make them attractive for use by institutions and research centers that offer distance 

learning courses. However, the main remote laboratory platforms constitute proprietary software, which makes technological 

sovereignty and independence impossible, restricts its acquisition and use by budgeted educational institutions [10]. 

The objective of this research is to develop a Remote Laboratory System for the practice of Automation Engineering career 

control. The proposed system integrates a set of processes that guarantee experimentation, for which a scale model of a thermal 

process is designed.  

2. Method 

This section describes the fundamental components of the Remote Laboratory System proposal. The proposal has three 

fundamental activities: design of controllers, identification of systems and execution of practices in physical systems. The generated 

work environment incorporates a scenario where students can face the development of practices where an environment homologous 

to reality is recreated. The design of the Remote Laboratory System has been modeled by four fundamental actors that group the 

main Use Cases of the System. Fig. 1 shows the Use Case Diagram of the proposed system. 

 

 

Figure 1. Use Case Diagram of the proposed system. 

A. Description of the actors in the Use Case. 

The User actor: is a representation of a generic actor that has the role of authenticating in the system. From this actor their 

permissions are inherited for the rest of the actors in the system. 

The Administrator actor: inherits the functionality of the User actor and has the permissions for user management (insert users, 

modify users and delete users). 

The Teacher actor: inherits the functionalities of the User actor and also has the permissions for the management of the 

workstations to carry out the laboratory practices, manages the laboratory practices that the students will carry out, manages students 

in the system. It also has other assigned functionalities such as the management of evaluation questions, evaluation questionnaires 

and study content. 

The Student actor: inherits the functionalities of the User actor and can also diagnose his abilities and carry out laboratory 

practices. 
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In the literature, the architectures of the Remote Laboratory Systems for teaching Control can be found [6, 11-14]. In them, it 

was found that each system has a defined architecture and workflow depending on the phenomenon being modelled [15]. Fig. 2 

shows the architecture defined for the Remote Laboratory System proposal. 

 
Figure 2. Architecture defined for the proposed Remote Laboratory System. 

 

The proposed architecture has three fundamental components: clients, practice administration and workstation. The clients 

represent the end users who carry out the experiments available in the Remote Laboratory System. The practice administration 

groups all the management carried out by the application servers for the proposed laboratory system. Workstations and labs are 

managed on the application server. For their part, workstations represent the real processes on which students carry out the proposed 

experimentations. 

For the development of this research work, a set of technologies and tools were used to guarantee the solution construction 

process. The principle was that the technologies and tools should be entirely free software with the aim of guaranteeing technological 

sovereignty and independence. PostgreSQL was used in its version 9.6 as a database management system, Hibernate as a working 

environment, Python in its version 3.0 as a programming language. 

For the implementation of the remote practices, a model was designed that manages the control of the process using an Arduino 

microcontroller [16], [17], [18] as a development platform open hardware [19, 20], [21] Fig. 3 shows the designed model. 

 

 
 

Figure 3. Scale model of a thermal process. 
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The model represents a thermal process at scale. It is designed for students to experiment on it where they can identify the 

system, tune the controller, and test the controller on the physical system. 

The model is made up of polyethylene armor; it uses an LM35 temperature sensor, an Arduino one microcontroller card with 

an Ethernet interface to guarantee communication with the Remote Laboratory System. It also incorporates a resistor inside 

responsible for dissipating thermal energy which is re-circulated through an internal ventilation system. 

From the general conception of the model, a PID controller was programmed on the Arduino microcontroller card that receives 

its adjustment parameters from the Remote Laboratory System. The student can analyze the behavior of the temperature variable, 

the controller's response in the designed process, the establishment times, among other variables of interest. 

From the three fundamental activities proposed for the Remote Laboratory System (design of controllers, identification of 

systems and execution of practices in physical systems). Fig 4. Shows the three fundamental activities of the Laboratory System. 

 

 
 

Figure 4. Workflow of the proposed activities for the Remote Laboratory System. 

 

3. Results 

  The development of the laboratory practices generates a set of events that are managed and stored in the system 

database. From the storage of the operations carried out, reports are generated on the actions carried out by the students 

and the operation history is controlled. 

Web clients are the end users of the tool. In the same proposal, the students carry out the Control Laboratory 

practices. They access the application server through a connection to the university network or the Internet. 

The web application server is in charge of communication between web clients and workstations; from this, the 

administration of the practices is carried out and the proposed workflow is managed. The web application server 

allows the exchange of information through web services with workstations. The workstations are physically 

connected to the plants that function as a model in the system. 

The system supports the management of Control laboratory practices through a workflow. The flow represents 

an effective solution based on a sequence for the proposed activities. Fig. 5 represents the proposed workflow. 
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Figure 5. Proposed workflow. 

 

The Fig. 6 shows the system interface to perform the system identification activity. The system identification 

activity allows you to carry out system identification practices to be controlled. The student performs an approach 

using a First Order System with Transportation Delay (PORT). 

 

 
 

Figure 6. System identification interface from the reaction curve. 

 

For the system identification process, the student must select a step that will be applied to the floor to obtain the 

reaction curve. From the reaction curve the student must be able to obtain the values (k), ( ), (Td). In the activity the 

student obtained as a result the approximation of the plant model identified by PORT in the continuous domain. 
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Once the system has been identified, the controller is tuned and the plant and controller model is obtained before 

running on the physical systems. Figure 7 shows the data entry interface for the designed controller. Students from 

the application of a design method must obtain the tuning parameters of the controller to be used in real practice. 

 
 

Figure 7. Interface in which the controller is tuned. 

 

For the tuning of the controller it is important to know the rules of the design, for example: 

If a steady state error equal to zero is desired, a rule that introduces the integrating component. 

If the establishment time should be as short as possible, a rule that introduces the derivative component. 

From the design rules it is decided if the controller is P, PI or PID so that the type of the system is one. For 

Ziegler-Nichols the controller parameters are calculated as expressed in Table 1 [22]. 

 

Table I.  Values of the controller parameters according to Ziegler-Nichols. 

Controller type Kp τi τd 

P 

 

∞ 0 

PI 

0.9   

0 

PID 1.2  2L 0.5L 

 

To obtain L and T, a tangent line is drawn to the inflection point of the response, the intersection with the time 

axis and with the final value of the amplitude form the distances L and T. 

With L and T, the parameters of the PID controller are obtained obtaining the controller model as shown by 

equation 1 in the continuous domain. 

 (1) 

 

The stability analysis allows to identify the malfunction in the stations available for the Remote Laboratory 

System [23], [24], [25]. 
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The authors implemented an algorithm to perform stability analysis from root locus analysis using Matlab 

functions. Fig. 8 describes the proposed algorithm. 

The authors implemented an algorithm to perform stability analysis from root locus analysis using Matlab 

functions [26]. Fig. 8 describes the proposed algorithm. 

 

 
 

Figure 8. Algorithm to perform stability analysis. 

 

Flow of activities to perform the stability analysis: 

• Obtain the plant model: from the plant identification process an approximate model of the process was 

obtained in the previous activity and is taken as input for the stability analysis of the system. 

• Obtain the controller model: the controller model was obtained from the controller tuning process, which 

represents an input for the stability analysis of the system. 

• Root analysis: a system is stable if it responds with finite variation to finite variations of its input signals. If 

a linear and time-invariant system is considered, the instability of the system will suppose a response that increases or 

decreases exponentially, or an oscillation whose amplitude increases exponentially (Ogata, 2010). For the stability 

analysis, the root locus (LGR) was applied and an instance of MATLAB was used to obtain results. 

• Execute practice: from the determination that the controller tuned by the student is stable according to the 

LGR, the information is sent to the real plant to carry out the laboratory practice on the physical device. 

After obtaining the controller parameters, the actual practices were carried out.  

The execution of the real practices allows, starting from the tuning of the controller parameters, to execute the 

practice in the physical device. For this, the stability of the previously proposed controller is determined. Fig. 9 shows 

the interface used to carry out the actual practices. 

Name: Algorithm to perform stability analysis. 

Input: Identified plant model Controller model 

designed 

Output: System stability analysis 

The execution in the actual plant of the 

requested practice 

Home 

P1 

1. Enter the plant model 
2.  Enter the controller model 

P2 

3. Get controller transfer function 
4.  Analyse locus of roots 
THEN  

5. If the roots are negative in the S plane Go 
to P3 

Else 

6. Print unstable system, Go to End 
P3 

11. Ejecutar la práctica solicitada en la 

planta real 

End 
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Figure. 9. Interface to run a lab on the physical device. 

 

The interface shows a view to enter the tuned parameters of the controller. The system returns the response of 

the control action behavior on the process. Once the controller parameters have been entered, the stability analysis is 

performed. 

4. Conclusions   

The proposal presented is based on the need to implement a Remote Laboratory System supported on technology 

and free software tools.  

The proposed Remote Laboratory System establishes three fundamental activities: identification of the system, 

design of controllers and execution of practices in real processes, facilitated the remote work of the students of 

Automatic Engineering. 

From the experiments carried out in the Remote Laboratory System, it was possible for the students to analyze 

the behavior of the temperature variable, the controller's response in the designed process, the establishment times, 

among other variables of interest that facilitate obtaining an overview of the contents received in the subject. 

The proposed Remote Laboratory System implements an architecture that allows the incorporation of new 

processes to carry out experiments. On this basis, future research will focus on creating new processes that nurture the 

functioning of the proposed system. 
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