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donde se propone un elemento bésico como el resistor para el desarrollo de
practicas que fortalezcan la adquisicién de competencias bésicas en anélisis de
circuitos, teniendo en cuenta los antecedentes del uso de laboratorios virtuales
para la formacién en ingenieria. Con esta investigacién se logra la caracterizacién
de los elementos resistivos bésicos para posteriormente pasar a disenos més
complejos. Para este ejercicio se utilizaron diferentes herramientas como Autodesk
Maya para el disenio de la estructura fisica del elemento, y Unreal Engine para
definir las interacciones del elemento en el laboratorio. La metodologia de diseno
se ajusta a la establecida en el proyecto para definir la ecuacién matematica del
comportamiento del elemento que represente su funcionalidad en similares
condiciones a las reales y su posterior virtualizacién para incluirse en el laboratorio
virtual para finalmente terminar con la validacién de funcionamiento. Como
resultado se logra la construccion de un dispositivo resistivo que representa el
comportamiento en la realidad y que se incorpora satisfactoriamente en el
laboratorio virtual.

1. Introduction

Nowadays, different technologies have become
important in engineering education, and practices
using virtual scenarios are becoming in an excellent
opportunity to support and complement the learning
processes involved [1]. Likewise, in electronic training,
these scenarios include controlled environments where
the user can reproduce experiments, in which variables
are usually monitored to observe the behavior of
electronic equipment or circuits, and the virtuality
allows the users to get the experience using laboratory

elements before they reach the real ones [2], [3].

Moreover, one of the basic elements in electronics is
the resistor, because shows the students the concept of
Ohm Law and the behaviour of current and its
relationship with variables as voltage and resistance.
On the other hand, the pandemic around the world
since 2019 because of SARS COV 2 lead the
universities to rethink the practice scenarios because of

the restrictions to the population in terms of mobility.

Around the world, many different universities and
the researches have shown that virtual laboratories
offers an opportunity to the students because they can
use it anytime and present an environment similar to
reality, strengthening different skills in theoretical and
practical knowledge. For example, the Universidad

Politécnica de Madrid, where the students can

reproduce a practice in similar conditions to reality;
Also authors as Ibarra, C. Medina, S. & Bernal, A.
(2007) or Machado, G, Alvarez, M. & Suarez, S.
(2018). (OJO, TOMADOS DE LA PROPUESTA DEL
PIE) shows the viability of the use of virtual
laboratories to reinforce theoretical concepts in

learning process.

At the National Open and Distance University of
Colombia - UNAD, academic programs such as
Electronic  Engineering and Telecommunications
Engineering are offered for students to follow a specific
study plan for each program. Some courses have
practical face-to-face components, where students
apply the theoretical knowledge learned and are also
trained in technical aspects such as manipulation of
instrumentation equipment for the design and testing
of electronic circuits, Therefore, by monitoring the
development process of these laboratories, the need for
a tool that allows to strengthen the manipulation of
electronic instrumentation equipment for
measurement, feeding, and other elements required in
an academic exercise, was identified [4], Consequently,
a virtual lab with laboratory is proposed, providing the
development of tests for analysis of resistive circuits by

means of elements modeled in three dimensions [5]-[9].
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Figure 1. Proposed methodology for the design of a virtual laboratory in 3D.
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This context presents an opportunity to research
and propose a virtual laboratory to the develop of
circuit analysis and instrumentation practices, using
geometric modelling in 3D and characterize the

resistor.

2. Proposed methodology to
the virtual laboratory and
the resistor

2.1. Methodological planning stage

The methodology applied in the research project is
presented in Figure 1, the general scheme used for the
development of the virtual laboratory and the resistor
is presented, where the first stage is the recognition of
the project that arises from a current and existing
problem in UNAD, and then, in stage two, the model
is presented with the selection of variables to be
considered for the design of the laboratory, such as;
virtualization, geometric modeling and mathematical
modeling. In a third stage the design process begins,
and the resistor is characterized according to the
performance and all the interactions inside the virtual
laboratory as the connection with the instruments

available, and its behavior in a circuit analysis exercise.

Finally, the last stage is the validation of the results

[10].

Thereafter, the proposed methodology allows to
understand the general architecture of the research
project and its variables, processes, and delimitations
to be considered. In Figure 2, the general design scheme
is presented using the selected graphics engine,
therefore, for this process it’s necessary to stablish that
designers will have a learning curve in the use of the
software, in order to obtain virtual Dome that is called:
Virtual Laboratory for Circuit Analysis [11]-[13] .

Figure 2. Proposed methodology for design and
implementation using the graphics engine.
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The next stage is important for the development of
the research project, the physical characteristics of the
elements selected for the virtual laboratory are taken
into account, in that sense those involved in the
simulation of a circuit with resistive components are
considered, for example, resistors, source, multimeter
and Bakelites, therefore, for the development of named
simulation elements that are incorporated into the
virtual laboratory space called "3D virtualized dome"
as can be seen in Figure 3, the process of creation and
modeling of resistive circuit components is established
according to its physical characteristics. With these
products, the design of the interactions and the
application of mathematical models are carried out, for
example, in the design of the simulation of a resistive
circuit, Ohm's law is taken into account, which allows
obtaining results and analysis of the wvariation of

varying currents and voltage in a circuit [14].

Figure 3. Proposed methodology for the design of the
resistor.
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In the last stage for the development of the research
project, the results analysis and testing processes are
carried out, as can be seen in Figure 4, The virtual
laboratory design is available with all the parts already
created, such as modeling and design of the
interactions and mathematical model. In the final stage
the process of checking the elements that make up the
laboratory and the resistive circuit to be simulated is

carried out [15].

Figure 4. Proposed methodology for the analysis of
results and possible improvements.

virtual laboratory l

el >
l |
3 P

resisiive CIrcurs
virtua

aboratory

The stages proposed as part of the methodological
planning for the development of the resistor and the
virtual laboratory includes some internal processes not
shown in this document, but which are taken into
account in each laboratory design process, therefore,
develop of the models of the resistance and interactions

may vary or become extended [16]-[18].

The process of creation and methodological
planning for the project includes results that allow the
dissemination of outcomes to the scientific and

academic community [19].

2.2. Tools for creating the resistor
in virtual laboratory

For the research project and creation of the resistor
to be incorporated in virtual laboratory, it is necessary
to consider some of the most important tools since
there are several options on the market that allow the
creation of scale models of physical devices and graphic
engines, consequently, the tools used and the grounds

for the selection of these are specified.

2.2.1. Geometric 3D modeling using
Autodesk Maya

The design of resistors is carried out using Autodesk
Maya software, where its graphic environment allows
to model the structure of the device according to its
shape of it with the tools to model objects in three

dimensions, the version of the software used is the basic
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and trial version, considering the scope of the project

in academic terms.

2.2.2 Design of object interactions using a

graphics engine: Unreal Engine

The behavior of the resistor with all the elements
in virtual laboratory are programmed in Unreal Engine
- graphics engine software, which allows the creation of
interactions using Blueprints programming, a
technique that allows the development of movements,
visualizations, connections and other characteristics
that intervene in the actions of the virtual laboratory

that allows to do a practical sesion [20]-[23].

3. Results and Discussion

The results presented below shows the process of
design a resistor to be incorporated in the virtual
laboratory, but first it’s important to design the spaces
where the resistive circuits will be used. Once the
device is designed, the research continues with all the
other devices as the instrumentation elements, among

others.

3.1. Modeling of devices and virtual
laboratory

The geometric models in three dimensions created

from the physical characteristics of their real
counterpart are presented, and those are the main
elements that intervene in the virtual laboratory [24],

[25).

3.1.1. Circuit and resistor modeling

First, the modeling process for the development of
the virtual laboratory are the circuits called "Bakelite"
whose function is to determine if the circuit is Series or
Parallel, and also the position of each of the resistors
that make up the circuit, as shown in Figure 5 [22],
[23].

Figure 5. Bakelite design for parallel and series circuits
with their resistors.

For the design of these Bakelites together with the
circuit resistances, it is textured from the geometric
modeling program, with the purpose of making the

design of the parallel and series circuits

3.1.2 Virtual laboratory modeling

The resistors in virtual laboratory mneed the
simulation space and three-dimensional environment
where they can interact as in a real laboratory, therefore,
as mentioned above, the laboratory at the main campus
of UNAD in Bogotd was recreated in geometric design

software, as can be seen in Figure 6 [26]-[28].

Figure 6. Design of the virtual laboratory based on the
real facilities of UNAD Bogota.
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3.2. Modeling and interactions of
the measurement elements and
virtual laboratory using
graphics engine

For the design process through the graphics engine
used to render and obtain the characteristics of the
designed elements, the Unreal Engine software is used,
which has characteristics that allow more realistic
designs due to the ability to apply shadows, light and
textures, therefore, the elements designed for the

laboratory are presented below.

3.2.1. Design of the interactions of
measuring instruments and power
supply

The instrumentation and power supply elements
prepared in the three-dimensional design software are
rendered, and the interactions are designed using the
selected graphics engine. In Figure 7, the designs of the
rendered elements are shown together with their

functional tests [20], [29].

Figure 7. Result of the resistor designed with the
instrumentation involved.

3.2.2. Circuit and resistor interaction

design

The design of the interactions of circuits and
resistors are rendered with the elements and texture
called Bakelites, feature the characteristics of a series

and parallel circuit, these can be seen in Figure 8.

Figure 8. Design of the interactions of measuring
instruments and power supply.

Interactions are made for the designed
instrumentation elements by blueprints programming,
the interactive programming code that allows the
measurement of the voltage in the circuit and generates
the DC voltage, up to 30 volts to power the series

circuits.

The interactions programmed in the series and
parallel circuits allow users to move the resistors in
different positions, and the circuits implement the
mathematical model through Ohm's law for the series
and parallel cases. Therefore, users must connect the
resistor to the correct point, otherwise the circuit
won’t work, and connect the power supply so that the
circuit has the operating characteristics of a real
circuit, and the voltage measurement of each of the
points of the circuit can be made. For the
measurement, the previously designed multimeter is

used [30]-[32].

3.2.3. Design of virtual laboratory

interactions

For the design of the interactions through
blueprints for the virtual laboratory, the model
created in the geometric modeling software is
rendered, therefore, the design considers the real
aspects of the real laboratory and the university
facilities. As can be seen in Figure 9, on the left the
real headquarters of the university, on the right the

rendering and interactions of the laboratory created

[17], [22], [32].
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Figure 9. Design of the interactions of the virtual
laboratory vs the real facilities of UNAD.

In the process of creating the interactions, the
materials of the real building have been considerate so
that approaches the user to a complete experience of
the laboratory, so also, the programming of the opening
and closing of doors is carried out as it works in real
life.

3.3. Final design of the virtual
laboratory for the analysis of
resistive circuits

As the last design process of the virtual laboratory,
all the previously created processes are taken into

consideration and are unified, resulting in the tool

whose interface is presented in Figure 10.

Figure 10. Final design of the virtual laboratory
together with the resistive circuits and the avatar.

In the wvirtual laboratory designed, the
measurement elements such as the multimeter and
power supply are presented, the Bakelites are also
presented with the circuit diagram in series and in
parallel, the workspace for this case on a table with a
computer which now has no interaction and the chair
that accompanies the real experience, Furthermore,
the avatar will be designed to interact with elements
showing a first person perspective where the user just
see the hands of the character to manipulate all

devices available in virtual laboratory [22], [23].

4. Conclusions

The relevant conclusions of the research project

are presented below:

The design of resistors in 3D to be incorporated in
virtual laboratories is possible due the powerful tools
as Unreal Engine and MAYA, because allows to
characterize the designs according to its behavior in
real life. In that way, it’s possible to reproduce a

circuit analysis practice in the same conditions.

Despite the experience in the virtual laboratory,
there are some limitations related with overheating
problems, power generation dissipated in the form of
heat, however, this will be considered in subsequent

designs and subsequent phases.

The interface in first-person has mnot been
developed yet, however this is an important aspect to

include in the design to improve the user experience.

The interface for the user to interact with the
elements in a first-person view has not yet been
designed, therefore, it is expected to have it in the

next phase of the project.

The design of the virtual laboratory is presented
so far in its first phase, therefore, there are still several

aspects to improve and other elements to design
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together with the interactions and programming with

blueprints, which will be developed in later phases.

The project involves only resistive elements but in
order to enhance the experience, elements like sensors
to measure different magnitudes, capacitors, coils and
others are considered to be incorporated to the virtual

laboratory.
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