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Abstract: The teaching-learning process developed was based on the effective integration of the
Hardware in the Loop (HIL) technique to control a brewing process. This required programming
the autonomous control of the system and uploading it to a physical controller consisting of a PLC
57-1200, which communicates in real time with a virtual brewing environment, in addition to a
SCADA system, providing engineering students with a unique practical experience. The system
allows the emission of input signals from sensors and the reception of output signals in actuators,
which is reflected accurately and in real time in the virtual environment. Students cannot only observe
but also control and manipulate the system using specifically developed programs. This methodology
enriched the understanding of industrial processes and fostered the acquisition of control skills. This
research work reveals that the combination of the physical and the virtual through the HIL technique
offers an effective approach for the training of engineers, improving their understanding of industrial
control processes and their ability to intervene practically in real industrial situations.

Keywords: hardware in the loop; SCADA,; virtual environment; industrial control processes

1. Introduction

Higher education has faced a constant challenge since technological progress gener-
ates new applications that require greater knowledge in the handling, control, and even
maintenance of equipment. This has generated the need to train highly trained and compe-
tent professionals who are able to meet the changing demands of society and industry. In
this context, meaningful teaching emerges as a fundamental pedagogical approach that
increases the potential to transform the way students acquire and apply knowledge in the
workplace [1,2]. The application of meaningful teaching focuses on enabling a deep under-
standing of concepts and their applicability and not just on storing data, concepts, and facts.
In engineering, professionals must be able to innovate with knowledge so that they can ad-
dress the most pressing technical and technological challenges [3]. For this reason, several
studies focus on providing a comprehensive and updated view on meaningful teaching
processes in higher education in engineering, highlighting their relevance in the training
of engineers in the 21st century [4,5]. As industry and society evolve, it is imperative that
higher engineering education adapts and embraces pedagogical approaches.

In this context, engineering education needs to adapt to the demands of an industry in
constant transformation. The industrial revolution, driven by digitization and connectivity,
demands the incorporation of advanced technologies to optimize production and manage-
ment processes [6,7]. Among these, mention should be made of several research works
focused on the implementation of virtual environments applying virtual reality, augmented
reality, and even mixed reality [8-10]. These allow for the simulation and visualization
of the entire life cycle of a product or process, from design and connection to monitoring
and control in real time. This enables more informed decision making, identification of
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inefficiencies, and risk reduction before implementation in the real world. In addition,
virtual environments are critical for the education and training of workers in the new era
of Industry 4.0, providing a safe space to acquire skills in technologies such as Artificial
Intelligence (Al), the Internet of Things (IoT), and Advanced Automation (AA) [11-14].
Ultimately, virtual environments are a cornerstone in the successful adoption of Industry
4.0 by driving innovation, efficiency, and workforce readiness for the challenges of modern
industry [15,16].

For this reason, the implementation of VR and AR environments is emerging as a
pedagogical approach that promises to revolutionize the way students acquire and apply
technical knowledge and practical skills [17-19]. VR and AR have experienced signifi-
cant advances in terms of hardware and software in recent years, enabling the creation
of immersive and highly interactive learning environments [15,20]. These environments
offer students the opportunity to experience and explore automation concepts in a virtual
space that simulates real-world situations, providing a learning experience that transcends
the limitations of traditional methods. The implementation of virtual environments has
revolutionized the development of serious games for teaching industrial process automa-
tion, offering a highly interactive and immersive medium that significantly enhances the
effectiveness of training [21,22]. These virtual environments allow students to immerse
themselves in simulated environments that closely replicate industrial operations, giving
them the opportunity to experience real-life situations hands-on without risk. In addition,
gamification and real-time interaction through virtual environments motivate students and
improve their participation and knowledge retention [23,24]. Likewise, the adaptability
of these games allows learning to be personalized according to the needs of each student,
which optimizes the teaching and learning process.

These strategies have become a key tool to enhance the teaching process in industry.
By combining these technologies through the “Hardware in the Loop” (HIL) technique, a
powerful synergy is achieved, which allows students to enter virtual environments that
faithfully replicate real industrial scenarios [18,25]. By simulating and controlling physical
systems in real time through HIL, students can experience practical situations, make
decisions, and learn from their results safely and effectively. This strategy not only facilitates
the acquisition of technical skills but also fosters a deeper and more practical approach
to industrial education, preparing future professionals for real-world challenges [26,27].
The incorporation of HIL in the design phases of the industrial system represents a highly
effective strategy to increase both the reliability and efficiency of the system, significantly
increasing the value of the final product. This study addresses the structure and components
of an HIL for the purpose of monitoring and controlling various processes in the industry,
in addition to generating historical data and meaningful alarms [28,29].

In this context, the present work focuses on the conception and implementation of
a Supervisory Control and Data Acquisition (SCADA) system with a Human-Machine
Interface (HMI) that communicates effectively with a Programmable Logic Controller (PLC)
to carry out operations in the industrial environment. In addition, the virtualization of an
industrial environment will be developed, which complies with the real characteristics of
its physical environment, using Unity 2023.1.0 software, which will allow interaction with
the industrial devices of the SCADA system, effectively bringing students closer to the
real environment and practical applications. This approach seeks to eliminate the existing
barriers between the theoretical academic environments and the practical application in
the industry. In this context, the processes are monitored and controlled using the OPC UA
communication protocol. The SCADA data acquisition is stored in an Excel and Visual Basic
template, allowing the customer to monitor and control all control modules simultaneously
with the server. The communication will be performed in real time using the Ethernet
protocol, a serial data transfer application widely used in several modern networks for its
simplicity, reliability, and efficiency in data communication. This protocol, with its request—
response approach implemented in a primary-secondary relationship, finds its application
in industrial process manufacturing, where the human-machine interface (HMI) or SCADA
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system acts as primary, while the sensors play the role of secondaries or programmable
logic controllers (PLC). All process software shares an identical processor module for
connections, and a detailed description of how to establish the connection between the
PLC, HM]I, and Unity is given. In this work, the Ethernet module stands as an essential
tool for efficient communication between devices and software.

2. Conceptualization

This section describes the methodology implemented to develop the teaching-learning
process aimed at controlling industrial processes. For this purpose, a brewing process is
considered, which combines innovation and effectiveness by integrating the HIL technique.
With the purpose of combining theoretical knowledge in a controlled environment, im-
proving the understanding of concepts of process control, manipulation and supervision.
In addition, it facilitates the development of essential practical skills by simulating real
industrial situations, effectively preparing students for the challenges of the working world.
The work considers a brewing process that combines innovation and efficiency by integrat-
ing the HIL technique. Figure 1 shows the stages of the implemented methodology, the
purpose of which is to establish real-time communication between a didactic module, the
SCADA system, and the virtualized process.
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Figure 1. Methodology for the development of the teaching-learning process using HIL.

The stages developed are as follows: (i) Conceptualization of the process, a phase
that allows the determination of the physical characteristics of the brewing. This considers
the behavior of the actuators and sensors by means of the piping and instrumentation
diagrams (PI&D). (ii) Process Control, based on the first phase, the automatic control
of the process is programmed. This considers mixing times, brewing temperature, and
amount of material for mixing. This phase is also implemented in (iii) Virtualization of
the process, which considers the characteristics of the process elements in order to give
realism to the system through the animation of the actuators and sensors. In addition, an
avatar will be incorporated to allow interaction with the process, allowing the student
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to actively navigate with the virtual process, and finally (iv) SCADA system, which will
provide students with a complete and real-time view of the industrial process. Because,
it allows efficient monitoring of critical variables, real-time data analysis and identifica-
tion of potential problems. This hands-on, visual approach enhances understanding of
industrial control concepts and prepares students to address work-world situations more
effectively. Fusion allows engineering students to navigate actively through a hands-on and
stimulating learning environment. Students can apply theories and concepts in a realistic
scenario, adjust parameters in real time, and evaluate the results, which enhances their
understanding of control processes and their ability to troubleshoot real-world situations.
The combination of the physical and virtual in this methodology provides students with
an enriching learning experience geared toward the acquisition of essential practical skills
in the field of control engineering. In addition, this interaction allows the development of
new meaningful teaching strategies, where the student is allowed to see the behavior of a
real process without generating failures in the system or suffering some kind of incident in
the development of the work.

3. Structure of the Process

This section describes the stages considered for the development of a teaching-learning
process that applies the HIL technique, which allows for the implementation of the control
in the Tia Portal v16 software. The visualization and manipulation in InTouch are performed
in order to communicate with the virtualized process and the didactic module formed by a
PLC s7-1200. The development is based on the brewing process and is divided into three
main sections: (i) Process control, which requires knowing the characteristics of the brewing
process in order to determine the actuators and transducers required to manipulate, control,
and visualize the industrial process and finally; (ii) Virtualization, which describes the
methodology implemented to virtualize the industrial brewing process.

3.1. Development of the Supervision, Control and Data Adquisition System (SCADA)

The implementation and development of the SCADA system are based on the P&ID
diagram shown in Figure 2.
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Figure 2. P&ID diagram for the brewing process.
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The process is divided into six stages: (i) Milling or boiling, which consists of in-
corporating the raw material, malted barley grains, water and adjuncts to generate a
homogeneous liquid; (ii) Maceration, the malt is mixed with water at different times
and temperatures, producing the necessary transformations to convert the starch into
fermentable sugars; (iii) Filtering, responsible for separating the remains of malt from the
liquid worth; (iv) Boiling, the liquid resulting from the filtrate is mixed with the hops at
a temperature of 100 °C to provide the bitterness and aroma present in the hops, which
will determine the alcohol content of the beer; (v) Fermentation, the yeast is added to the
mixture to convert the sugar into alcohol and CO2, which must remain at a constant temper-
ature for a period of two weeks to finally separate the remains of yeast; (vi) Conditioning, a
carbonation process is carried out on the mixture resulting from fermentation and filtering
at low temperatures, where we will obtain our final product.

The SCADA system consists of six screens, illustrated in Figure 3, which was de-
veloped in the InTouch 10.0.0.1 software and allows the manipulation and visualization
of the process operation. The screens are as follows: (a) Welcome, allows access to all
interface windows through a user and password, granting rights according to the type
of user; (b) Process, this screen displays the stage of the process in real time, also allows
graphic display of all system components and access to controls and indicators; (c) Control
Panel, allows to control the behavior of all the valves and motors present in the interface;
(d) Trends, there is also the general stop of the process; (e) History, shows the alarms and
alarms of unusual events that may occur at any stage of the brewing process; (f) Help,
which finally shows a total description of all the components and elements of the process.
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Figure 3. Development of human-machine interface HMI (process menu).

In addition, the operating data of the beer brewing process are saved in order to
maintain a record that allows for determining the type and frequency of maintenance
required by the process. The data are sent through labels considering the inputs, outputs,
and marks present in the programming; the program developed in InTouch can read all
the labels assigned by the OPC as discrete input—output type variables sent by the TIA
Portal. To store the data in Excel, it is required to assign a different type of data; the types
of variables that are sent to the different software are shown in Figure 4.
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Figure 4. Development of the SCADA system database.

Excel can only read integral input-output type data. For this reason, it is through a
script that the discrete I/O and integral I/O type variables are combined, and the sampling
time in which it will be saved is defined information. Moreover, a file, xIsm, stores the data;
it must be linked with all the variables of the InTouch script in order to acquire the process
data. It is recommended to configure the cells to which the date and time, temperature,
levels, and alarm status will be assigned, considering interaction with the process in real
time. Finally, the information obtained can be used to generate trend graphs that allow the
management level to define its quality and production level.

3.2. Process Virtualization

The virtualization of the beer production process is developed in order to create a
teaching-learning environment that allows the student to have active navigation. That is,
the student will be able to visualize the operation of the process and also have control of the
variables of the process, allowing him to make decisions of the operation and production
for which it is considered: (i) External resources, the same that performs the automatic
control and visualization of the process. They have a PLC s7-1200, an ethernet module,
and a SCADA system that allows the user to control the system physically and (ii) A
virtual environment, which presents the stages of production of the beer virtually through
the configuration of parameters and scripts in Visual Studio. Learning environments
are developed in Unity 3D, and several tools and knowledge are necessary to create an
environment that is as close to reality as possible so that the actual physical characteristics
of the process are considered. That is to say, an Avatar is created that allows interaction with
the process, which must have a similarity with a real process. For this purpose, texturization
of the elements is used, as well as surround audio, the animation of the actuators, and
the transducers of the process. Figure 5 shows the communication between the external
resources and the virtual environment through the Ethernet protocol.

The development of the virtual environment is carried out in the Unity 3D software,
which allows working with virtual reality and augmented reality, among other applications.
The virtualization of the development process consists of the following steps: (i) Creation
of the avatar. It must be imported into Unity 3D as an FBX or COLLADA model file, which
is the file of the humanoid. In this case, it is a character with the characteristics of an
operator. For the animation of the avatar, the base must be structured by updating the rig
of the imported model, which allows animation like this so that the avatar can perform the
movements of the plant operator. (ii) Virtualization of the process. For the virtualization of
the selected industrial process, the scenario is implemented, which is a factory where all
the elements necessary for the implementation of the plant are incorporated, such as tanks,
pipes, valves, motors, and indicators, among others, the same ones that have animation,



Appl. Sci. 2024, 14,2170 70of 17

sound with the purpose of generating realism in their operation. (iii) Implementation
of SCADA, with the objective of presenting trends in the operation of the process. It
also allows the student to know the variables with which the process is operating and
finally allows the manipulation of the system. Figure 6 shows the interaction between the
virtualized agents, which have a behavior similar to external resources.

EXTERNAL RESOURCES / VIRTUAL ENVIRONMENT
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Figure 6. Development of the virtual environment Beer Production.

4. Communication

System integration for process automation promoted the technologies of accessing
functions and data from the field device, controller, and SCADA system. In addition, the
archived device data can be applied to solve the diagnosis and preventive maintenance
of the devices. This paper describes the practical technique to configure and implement
the control and SCADA system that focuses on the integration of the field device, a PLC
controller, and a SCADA system.
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4.1. Communication between the PLC and SCADA

Process control communication requires two types of communication: (a) The Ethernet
TCP/IP protocol, which is responsible for sending and receiving data from the PLC to
the software that will process the information, and (b) the OPC protocol, which allows
having a client-server dialogue, its function is to send or request data in real time, such as
sensor readings, device states, or any other relevant information. As shown in Figure 7,
the communication consists of the following elements: (i) Siemens S7 1200 PLC, which
executes the program previously written in its memory, transferred from the Tia Portal v16
software. (ii) Ethernet module, used to act as an interface between the PLC and InTouch.
This device allows you to create a virtual communication interface to connect the simulation
to the network. (iii) KEPServerEX facilitates project development using a server interface.
This interface is independent of the type of system. Therefore, it allows communication
between devices, facilitating the centralization of communication and realization for users.
(iv) Wonderware software works as SCADA, which means it controls, monitors, stores, and
accesses data.

— — — — — — — — — — — — — — — — e — e — — — — —

“\
PLC S7-1200 | ETHERNET MODULE | | KEPServerEX | |  INTOUCH | \I
PLC S7-1200 Médulo Ethernet - Wonderware |
. " KEPServerEX InTouch |
, , . |
|
' |
|
TCP/IP > OPC |
/

-

Figure 7. Communication between PLC and Wonderware InTouch.

On the other hand, for the KEPServerEX server configuration, devices were added
to the communication protocol. The read and write variables are configured for each
device; it should be mentioned that the types of variables are important. Due to the use
of marked or unmarked addresses, care must be taken, and the defined variables must
be selected from the addresses assigned to the PLC global variables. The KEPServerEX
tool establishes the link between the physical interface network and the PLC instance. The
Wonderware InTouch software via OPC connects to the 57-1200 PLC. To connect to the PLC
from the development station, you only need to connect to the Alias assigned to the PLC
from KEPServerEX.

4.2. Ethernet Communication between PLC, SCADA, and Virtual Environment

The interconnection between the PLC, the SCADA, and the virtual environment of
the brewing process in Unity is carried out through a LAN network. For this purpose, a
SWITCH was used, which allows different devices to be connected to the network through
the Ethernet cable. To carry out the communication, it was necessary to configure the IP
addresses of the different devices within the same subnet. In Figure 8, a LAN network is
seen with an RJ45 physical medium cable using the Ethernet communication protocol.
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Figure 8. Communication between PLC, SCADA, and Virtual Environment.

5. Experimental Design

This section presents the experimental design considered to determine the functionality
of the teaching-learning tool using the HIL technique for Automation Engineering students.
The proposed tool is evaluated in order to determine the effectiveness and degree of active
interaction of the student with the work environment during the learning process, where
it is considered that the communication between the virtual environment and the control
system interact in real time. It is essential to highlight that the transmission time of sending
and receiving information becomes a relevant aspect of this dynamic. The validation of the
virtualization of the brewing process is based on the successful implementation, efficiency,
and functionality of this real-time communication.

The inclusion of HIL technology in this context not only ensures effective interaction
between software and hardware but also significantly enriches the teaching process. By
allowing students to experiment with real systems in a controlled and safe environment,
HIL provides invaluable hands-on experience that complements the theory taught in the
classroom. This not only strengthens the understanding of theoretical concepts but also
prepares students to face real-world challenges in the field of Automation Engineering.
In this context, the experimentation of the behavior of the teaching-learning tool was
developed. Furthermore, an evaluation of the system that considers the usability of the
system and the level of user satisfaction is presented.

In this context, it is considered to evaluate the effectiveness and usability of the
proposed teaching-learning tool through the participation of a group of 20 students of
Electronic Engineering and Automation, all belonging to the seventh semester of their
studies. These students have successfully completed the Industrial Automation course,
acquiring specialized knowledge in the programming of industrial processes using PLCs.
Table 1 details the demographic diversity of this specific population, highlighting aspects
such as experience in PLC programming and level of technical skills, crucial elements for
the detailed evaluation of the tool.

5.1. System Interaction Assessment

When the student interacts with the beer brewing process, he will do so with active
navigation. That is, the student will visualize the operation in real time, and it also allows
him to make decisions about the behavior of the process. That is, in the event of abnormal
events, the student will be able to stop and modify the process variables so that the work is
carried out appropriately.



Appl. Sci. 2024, 14, 2170 10 of 17
Table 1. Demographic information of the test population.
Order Age Gender PLC Programming Experience ~ Technical Skills
1 22 Female Advanced High
2 23 Male Advanced Medium
3 22 Male Intermediate Low
4 21 Male Advanced Medium
5 24 Male Intermediate High
6 22 Female Advanced Low
7 23 Male Intermediate High
8 22 Female Advanced High
9 22 Female Advanced High
10 22 Male Advanced Medium
11 21 Male Intermediate High
12 24 Female Intermediate High
13 23 Male Advanced Low
14 23 Male Advanced Medium
15 24 Female Intermediate High
16 22 Male Advanced Medium
17 22 Male Advanced Low
18 23 Female Intermediate Medium
19 22 Male Advanced Low
20 22 Male Advanced High

The interaction with the process is presented in a friendly and understandable way,
allowing the user to interact with the process and the system trends. The student’s active
navigation in the virtual environment is associated with static and dynamic elements that
exist in this environment. Static elements, as their name indicates, appear in the simulation,
representing a specific object, but do not offer any movement in their simulation. They
appear throughout the duration of the simulation. The dynamic elements associated with a
Boolean variable produce movement during the simulation. The dynamism will depend
on the object. That is, they will produce a more real dynamism in the process, creating an
immersed virtual environment, as shown in Figure 9.

Two elements are considered to start the virtualized beer brewing process. The first
is an avatar, which was developed with the purpose of emulating the physical action of
the operator and providing realism to the process. The second is a virtualized HMI, whose
objective is to monitor, visualize, and control the variables of interest as if it were a real
graphical interface. From this central screen, you can start and stop the virtualized process.

The bilateral operation test is carried out through the start and stop buttons of the
SCADA system while verifying that there is communication between the HMI of the
virtual environment and the teaching module. That is, when the start and stop lights of
the teaching module are turned on, the process replicates the information in the SCADA
system or vice versa. Furthermore, in the event of an emergency situation or failure in the
process, the process can be stopped, as can be seen in Figure 10. Bilateral communication is
due to the fact that there is a connection link between the variables of our process both in
the SCADA system and in the virtualized environment.

After starting the process, the simulation and visualization of the six stages corre-
sponding to the production process for brewing beer immediately begins, as illustrated in
Figure 11. In the figure, an industrialized virtual environment is evident, with large-scale
tanks, valves and realistic pipes, industrial sensors, and actuators, filling sound in the
tanks, and colors in the liquids for a visualization of the behavior at each stage, among
other things that can be observed, heard and analyzed by the user interacting with the
virtualized environment.
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Figure 9. Immersed virtual environment of the brewing process.
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Figure 10. Bilateral operation of the process.
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In order to improve the student’s interaction with the virtualized process, a sound
immersion is implemented. The same will be found in the different stages of the process,
e.g., the sound of a tank being filled or emptied, the activation of pumps, and the flow of
liquid, among others. The sound interaction shown in Figure 12 is performed by adding a
specific folder for audio, where the previously saved sounds are played. These files must
be in mp3 format with a collection name. When entering the sound into the folder, scripts
are made in Visual Studio, and a sound variable is created to have a sound interaction in
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the process. You can see if there is sound in any element when the sound symbol or the
Maximize in Playback ID appears.

STAGES OF BREWING

| AUDIO FOLDER |

)

SOUND SCRIPTS

4

Figure 12. Audio in the virtualized process.

The results of this study highlight the observations and conclusions derived from
the implementation of real-time communication between the process controller, an S7-
1200 PLC, and the virtual environment of the brewing process, together with the SCADA
system as illustrated in Figure 13. In the field of developing teaching-learning systems for
industrial process control, the implementation of the SCADA system based on the OPC
protocol, linked with an §7-1200 PLC, has proven to be essential. The use of InTouch as
a SCADA interface provides an interactive and visual platform to monitor and control
key variables in real time. In addition, the integration of scripts and programming logic
allows efficient data acquisition from the PLC, facilitating the transmission of real-time
information. For subsequent analysis, direct connection to Microsoft Excel is established
through specialized tools or data export to CSV files (Comma-Separated Values), offering a
comprehensive and effective solution for data collection and management in the teaching-
learning process. In this context, the efficiency of the system is accentuated by the optimized
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communication time provided by the OPC protocol, which enables fast and reliable data
transfer between the SCADA and the 57-1200 PLC. The use of this protocol contributes
significantly to real-time response, crucial for accurately simulating industrial operations.
In addition, the system efficiently handles various types of data, including analog and
digital variables, by structuring and transmitting complex information. This versatile
approach adapts to the diversity of data present in industrial processes, providing students
with a comprehensive and realistic experience that addresses the complexity inherent in
modern industrial environments.

VIRTUAL PROCESS

el

ST

TEACHING MODULE

102

03 (N4 05 BS

15

REAL-TIME COMMUNICATION

y

SCADA

PROCESS

WATER
RESERVOIR

Figure 13. Operation of the brewing stages.

The experimentation demonstrated successful and synchronized interaction between
the controller and the virtual environment, which allowed data generated by sensors and
actuators to be accurately reflected in real time. This two-way communication allowed
the engineering students not only to observe the industrial process but also to intervene
in it. Through the programs developed, students were able to control and manipulate the
system, providing them with the opportunity to apply control theories and concepts in
a practical environment. This approach proved valuable in improving students’” under-
standing of industrial processes and provided them with hands-on experience that fostered
the development of engineering skills. In summary, the results indicate that the successful
implementation of this real-time teaching-learning methodology holds promise for the
training of future engineers in the field of industrial process control.

5.2. System Usability Testing

The evaluation of the usability of the proposed teaching-learning tool makes it possible
to determine the effectiveness and usefulness of the system. The innovative integration
between the virtual environment and the physical plant using HIL provides students of
Electronics and Automation Engineering with hands-on experience in industrial process
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control and automation. In order to determine the usability of the system, the SUS (System
Usability Scale) test is used to measure the user experience in terms of clarity and logic
of the system, for which questions related to the interaction of the work environment
detailed in Table Al. are considered [30]. This method obtained a very acceptable response,
with an acceptance rate of 85% among the participants. The positive user acceptance,
reflected in a high degree of satisfaction, underlines the positive impact of this approach on
practical and meaningful learning. In terms of usability, the results indicate that the real-
time connection has been valuable for understanding theoretical concepts. The intuitive
interface and control capabilities have facilitated the adoption of the system, contributing
to the learning objectives.

5.3. System Satisfaction Testing

Figure 14 shows in detail the results derived from the evaluation of the satisfaction
of the proposed teaching-learning process for what is considered the interactive brewing
system [31]. This comprehensive analysis focused on six key aspects—ease of use, comfort
of use, intuitive system, accessible system, ease of understanding the information, and
clarity of information—evaluated by a group of 20 students. The results reveal an overall
positive perception, where ease of use scored a mean of 4.15 (standard deviation of 0.67),
indicating a friendly interaction. Comfort of use achieved a mean score of 4.20 (deviation
of 0.7), reflecting a comfortable and satisfactory experience. System intuitiveness received
a rating of 4.40 (deviation of 0.60), highlighting its easy comprehension. Accessibility,
with a mean of 4.40 (deviation of 0.68), demonstrated a smooth user experience. Ease
of understanding the information scored 4.05 (deviation of 0.76), indicating a clear and
understandable presentation. Although slightly lower, clarity of information maintained
an acceptable score of 4.10 (deviation of 0.72). These consolidated findings provide a
comprehensive assessment of student satisfaction, highlighting strengths and pointing
out areas for possible improvement, thus contributing to the ongoing optimization of the
interactive brewing system.
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Figure 14. Satisfaction diagram of the interactive brewing system.

6. Discussion and Conclusions

The teaching-learning tool proposed to address the control, manipulation and super-
vision of an industrial process for students of Electronic and Automatic Engineering has
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generated promising responses. Due to the active interaction of the students with the work
environment, the effectiveness and usefulness of the proposed tool has been demonstrated,
which establishes an innovative connection between the virtual work environment, the
SCADA supervision system and the didactic module that represents the physical part of
the industrial process through the HIL technique. Bi-lateral communication between the
hardware and the software that controls the system significantly benefits the teaching-
learning process by providing students with practical and applied experience in the field of
industrial control and automation.

The work environment offers a significant teaching method, due to the incorporation
of the SCADA System, which allows real-time supervision and direct control of key vari-
ables. The real-time connection between the virtual environment and the physical plant
becomes a valuable tool for a deep understanding of theoretical concepts, offering students
the opportunity to directly experience in control principles in a simulated industrial envi-
ronment. In terms of working time, the SCADA system stands out for its efficiency in data
management and transmission. The implementation of the OPC protocol ensures fast and
reliable communication between the SCADA and the 57-1200 PLC, optimizing synchroniza-
tion and information exchange. This protocol, recognized for its robustness in industrial
environments, contributes to the fluidity of the system, allowing real-time interaction that
is crucial for the accurate simulation of industrial operations. Furthermore, the successful
convergence between the virtual world and the physical plant in real time is presented as a
significant and contextualized approach for learning complex industrial processes.

On the other hand, the feedback obtained in terms of satisfaction and usability has
yielded encouraging conclusions. The wide acceptance by users, reflected in a considerable
degree of satisfaction, demonstrates the effectiveness of the implemented methodology.
The usability of the system, evaluated through navigation, interactivity and feedback, has
been rated as acceptable by users. The intuitive interface and control capabilities provided
have facilitated the adoption of the system, contributing significantly to the achievement of
the proposed learning objectives. Taking into account the inherent advantages of working
in virtual environments, such as flexibility, security and the possibility of simulating
different scenarios, this work lays the foundation for the continued development of teaching
methodologies in the field of engineering.

However, it is important to complement this significant teaching process with practical
activities at an industrial level, which allow students to interact with equipment for their
respective control and manipulation. Given these encouraging results, future work will
focus on continued usability optimization by incorporating user feedback for specific
adjustments. In addition, new functionalities and interface improvements will be explored
with the aim of offering an even more enriching experience. Two-way communication
between the virtual world and the physical plant in real time lays the foundation for the
continued development of teaching methodologies in the field of engineering, providing
an innovative and effective approach to training students in this constantly evolving field.
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Appendix A

Table Al. Usability testing of interaction with the brewing process.

z
e

Questions Score

Do I think I would like to use this system frequently?
I found the system unnecessarily complex.
I think the system is easy to use.
I think I would need the help of a knowledgeable person to be able to use this system.
I found the functions of the system to be very well integrated.
I think the system was difficult to use.
I imagine that most people would learn to use this system very quickly.
I found the system very complicated.
I felt confident using the system.
10 I'would need to learn a lot of things before I could use this system.

O O ONUT = WN -
N O — BN RFRLON S

Score of even question = 17; Score of odd question = 17; Usability percentage = 85%.
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