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ABSTRACT

Higher education in Colombia since 2000 began to consolidate a training model oriented towards the competitive
transformation of the student, in which processes are focused on problem-solving, which implies not only knowing the
problem but also its conceptual and real approach. This trend has been structured over 20 years in what is known as
competencies-based training and corresponds to the current state of higher education programs in the country. Although
this approach has had a high degree of identification with the work environment, the truth is that the skills, knowledge, and
abilities generated by the model are also applied to organizations and/or institutions. This article describes the design
model of a specialized competencies-based software tool. The tool is part of the specialized training strategy of the
research group and corresponds to the first of an integrated system of specialized research training. The design
contemplates key elements at the pedagogical, didactic, and software engineering levels. The design architecture is made
up of four stages which characterize each one of the tool's creations stages: educational design, computational design,
production, and application. In the prototype, the problem of autonomous navigation of robots has been addressed,
specifically, the implementation of a decentralized algorithm of the research group inspired by bacterial interaction. The
preliminary evaluation of the tool has been advanced with undergraduate students linked to the research seedbed of the
research group.

Keywords: bacterial behavior, competency, education, path planning, quorum sensing, research, robotics, skills, software, software

engineering.

1. INTRODUCTION

Decrees 1860 of 1994 and 230 of 2002 of the
Ministry of National Education (MEN) initiated the
implementation of competencies in Colombia as a strategy
for the improvement of the quality of education [1, 2, 3].
This training model began in basic and secondary
education and was consolidated in vocational training. It
sought to structure a strategy aimed at identifying
minimum competencies to be promoted in young students,
characterized by a direct relationship with work
performance. It then led to the design of an integrated
training process that involved the academic knowledge
required throughout a set of training cycles. This led to the
creation of an educational model called training by
propaedeutic cycles [4, 5].

In principle, these state regulations are adopted
over the years by public and private entities linked to the
education sector [6, 7]. These adoptions imply adjustments
at the level of curriculum, evaluation (of both students and
teachers, academic programs and educational institutions),
physical plant (classrooms, laboratories, equipment, etc.),
but most importantly, at the level of integration of
educational programs in coherence with the needs of the
productive sector and the population [8, 9]. As for the
programs, the old technical and technological training
schemes were no longer static and terminal (only a level of
training was achieved without the possibility of formal
specialization), but became dynamic (constantly adjusted
according to social needs) and continuous in the sense that
they were integrated into the formal training model
(continuity to professional and postgraduate programs was

allowed) [10, 11]. As for the productive sector, in the new
model, it is the industry and its needs for professional
training that establish the competencies to be trained in
young students [12]. And as for the population, the new
model of training by propaedeutic cycles establishes a
training by stages at the end of which a professional
degree is granted, which allows a quick labor bonding as
opposed to the traditional scheme of five years (a
technician in two years or a technologist in three years can
be labor bonded while continuing his professional training,
which has a positive economic impact on his family
nucleus) [13].

The model of training by cycles and
competencies is characterized by a much more flexible
structure that allows the student to be within the formal
training scheme while beginning his work experience in
the same field [14, 15]. But this is an advantage at the
level of graduate training; the competency-based training
model can also be used in other environments, such as at
the level of companies, institutes, or groups, for example,
allowing the advantages and flexibility of its structure to
be transferred to these environments [16, 17, 18, 19]. In
the framework of formal vocational training, the objective
of competence-based design is to achieve a curriculum
design that reflects a set of behaviors, knowledge, and
skills of the productive environment. This curriculum is
materialized in a set of training activities that are expected
to positively impact both the new professional and the
productive sector. This same design scheme can be
combined, for example, with traditional software design
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strategies for the development of software tools used for
specific training [20].

Although there are many approaches to address
the concept of competency, they all agree that the central
element is the student, who acquires specific knowledge
through action [21, 22, 23]. In most definitions, this
implies the use of specific resources related to the skills to
be developed, or what some authors call ‘action in
context’ [24, 25]. These skills include attitudes, abilities,
and knowledge, as well as their interrelationship, applied
in specific situations and environments [26, 27]. This
means that the definition of competencies for a certain
activity must consider aspects such as relevance, level of
meaning, the capacity to solve problems, and its
orientation towards specific learning objects. In short,
competency can be established as the way in which the
student develops in specific situations to perform a task
adequately [28, 29].

Software tools have become key elements of the
educational process. They are tools capable of creating
dynamic learning spaces with multiple contributions to
both the student and the instructor [30]. Following the
policies of training by competencies, it is possible to make
an educational design of the tool that tends to a strong
emphasis on the specific training of challenges identified
within the work environment, or more generally,
challenges inherent to the development of a professional
profile within an organization or group. Educational
software development models tend to be disconnected
from the formal educational context, which does not allow
them to be related to the competencies defined for a
formal training process [31]. In general, the design tends
to be more concerned with software engineering, which
often limits its effective use [32].

This article presents the design of a software tool
oriented to the specific training of undergraduate students
within the research group [33, 34]. The design prioritizes
the development of skills related to robotic navigation
algorithms for a robot swarm through an algorithm
proposed by the research group based on bacterial
interaction [35]. The development of competencies is
formulated together with the structural part of the tool,
seeking to systematize the experience of researchers in
working with this algorithm [36, 37].

2. MATERIALS AND METHODS

The ARMOS research group involves, semester
by semester, undergraduate students interested in
developing their final research work with the group.
Among the fields of greatest interest is robotics, a research
field in which the group has proposed solutions in terms of
decentralized navigation topologies, assistance robot
prototypes, and autonomous control schemes. Working
with new students, the need for specialized training and
updating related to the group's developments has been
identified. In this sense, three topics have been identified
that require special interest: the bacterial interaction
algorithm proposed by the group as a decentralized
navigation scheme for a robot swarm, the implementation
of autonomous navigation schemes on the research group's

robotic platform (ARMOS TurtleBot, Figure-1), and the
implementation of estimation and control algorithms for
Soft Bank Group's Nao robotic platform. We selected the
first of these topics for the development of software
training tools based on the competencies required to
advance the research process.

Figure-1. ARMOS TurtleBot mobile platform.

The selected software tool is a simulator that
reflects the dynamics of the algorithm based on bacterial
interaction, as well as the Quorum Sensing (QS) system
proposed by the research group. As an initial condition,
the design of the simulator takes into account the
competencies required in line with the training needs
detected by the research group. These competencies are
the core of the design process; in this sense, each of the
sections of the tool is structured progressively, in the same
way that the competencies are linked to each other. Each
section produces information that is used as input for other
processes, linking the software architecture to the natural
structure of the competencies. The design was structured
along four stages defined according to the development
stages of the tool: educational design, computational
design, production, and application (Figure-2).

STAGE 4

STAGE 1 STAGE 2 STAGE 3

Computational

5 Production
design

Educational design Application

Figure-2. Competency-based model used in the
development of the simulator.

Each stage of the design has a specific function.
Stage 1 is focused on elements related to pedagogical
structure and didactic scheme. This stage takes into
consideration the student's educational background; the
concepts shaped in his/her curriculum, and the student's
expectations to design a family environment that uses
previous concepts to introduce new competencies.
Aesthetic and functional elements are also considered at
this stage. Stage 2 develops the software engineering
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fundamentals related to the development of a robust and
user-friendly application. It is established as a base
programming language to Python and Pygame modules
due to the need for integration with tools of the research
group, the ease of graphic implementation, open
availability, robustness, and documentation. In phase 3 the
different sections of the simulator are developed and
integrated, and in phase 4 the tool is applied to the
youngest members of the research group to determine its
relevance and functionality.

For the educational design stage, we take as
initial input the results of the training needs analysis
carried out by the research group in the last year.
Throughout the analysis, the research group detected
specific deficiencies among their students in aspects such
as:

= The real functioning of the mechanism of interaction
between robots derived from the bacterial biological
model, including QS activation.

=  Programming of the control unit of the ARMOS
TurtleBot robotic platform.

= Functional performance of the different geometric
strategies of movement planning for indoor robots.

= Manipulation of schemes for emotion estimation
implemented on the Nao robot.

=  Manipulation of schemes of interaction man-machine
implemented on the robot Nao.

= Manipulation of schemes of estimation of
stereoscopic depth implemented on the robot Nao.

This first simulator focused on the QS-based
bacterial interaction algorithm formulated by the research
group. The implementation and manipulation of the
algorithm on different platforms shaped the educational
purposes of the tool. Consequently, the following specific
competencies were designed:

= Ability to interact with the parameters of the
algorithm to modify its performance in autonomous
navigation tasks.

= Ability to design customized navigation environments
for navigation tasks equivalent to those developed in
the laboratory.

= Ability to analyze the performance of different
conditions of the algorithm.

= Ability to document experiments related to the
evaluation of the QS algorithm.

= Ability to evaluate the ARMOS TurtleBot model in
different QS algorithm conditions.

Based on these initial competencies, the
pedagogical design and the content design of the simulator
were carried out. Among the basic characteristics of the
tool was defined:

= The possibility of the software to work with
customized environments.

= The tool's capacity to allow the selection of different
robotic platforms, including the ARMOS TurtleBot.

= The possibility to configure all the parameters of the
QS algorithm for the environment and robot selected.

=  The possibility to observe the interaction of the robots
in real-time.

=  The ability to record the behavior of all parameters of
the algorithm.

The consolidation of each one of these
competencies is designed in a learning sequence oriented
to the development of the young researchers' training
process under the conditions defined in the pedagogical
model, and in a sequential way. This sequence is verified
by the final analysis of the strategy's performance.

In the computational design stage, two activities
are carried out, firstly the definition and planning of the
sections and modules to be developed, and which will
make up the structure and interface of the software, and
secondly the software engineering that relates the
development of each of these sections and modules. As a
first step, it is necessary to plan how the activities will be
developed. This planning allows continuous control of the
development process, linked to a schedule, and in
coherence with the expected product. From this initial
planning we proceed to the design of the learning
environment, that is to say, the interfaces of the tool. For
the software we define the following interfaces:

= |nitial information window related to the purpose,
objectives, and competencies.

= Window of the configuration of the simulation
environment and the robots.

= interactive window of simulation and configuration of
parameters of the algorithm.

= Status panel, with real-time information of the
simulated process.

None of the interfaces should block the operation
of the others. All the software is interactive and allows the
continuous adjustment of all the parameters both before
starting a simulation and during the simulations. The
current status of the software must be evident to the user
on the different interfaces. The specific architecture of
each interface was defined by the research group through a
technical script.

For software engineering, the development tools
are considered according to the parameters defined in the
educational design, in the planning of sections, and the
functional requirements of the research group. For the
functional requirements, use case diagrams were designed
to specify the behavior of the system under specific
operating conditions. A methodological process scheme
was made with the functional description of the whole
system, considering software tools already existing within
the research group. This allowed selecting the most
adequate development tools in coherence with the
competencies and expectations of the group. The
development was carried out in Python 3.9.0 and Pygame
2 with the idea of taking advantage of the language
capacity and the graphic advantages of the library.
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All the resources collected in the previous stages
are used in the production stage for the development of the
different sections of the software. In this stage, the
implementation of the sections and their integration is
carried out. Also, simultaneously, a user's manual is made
that documents the handling of the simulator. In this stage
the typical cycles of the development projects in
engineering are presented, that is to say, a set of designs
and tests that define the redesigns required for the
adjustment of the software according to the design profile.
The evaluations are carried out by the researchers of the
group, who endorse the final performance of the tool. The
general methodology used in this stage is shown in Figure-
3. This methodology is structured in five phases defined
according to the fulfiliment of the competencies
established in the educational design stage. Throughout
these phases, a criterion is established for the evaluation of
the competences, another criterion to verify the

interrelationship of these competencies, the capacity of the
software to stimulate the development of the competences
is verified, redesigns to the structure of the software are
proposed, and a final evaluation is set according to the
laboratory (robots and

resources available in the
navigation environments).

Process 2

Definition of the
progressive

Documentation Existing
from similar projects Models

| | EVALUATION AND UPDATE

Figure-3. Strategy for evaluating and updating
the simulator.

Finally, in the application stage, the simulator is
provided to the students of the research group for their use
and subsequent analysis of results related to specific
training. This last part of the process is currently being
evaluated by the research group. For its development, an
initial profile of the students has been established, and a
learning test to be applied after the use of the tool.

3. RESULTS AND DISCUSSIONS

Our software implements a robot swarm, which
performs a wild movement in an environment selected by
the user. According to the QS algorithm, the robots will
have the quality to avoid collisions with different obstacles
that affect their movements, since they are equipped with
proximity sensors to fulfill this function. Thus, each time

that the sensor informs the robot of the presence of an
obstacle, it will randomly change the direction according
to the wild movement of the automaton.

The user has the option to load an image with the
environment in the desired design and adjust its
dimensions. This environment will have a grid, which will
have the function to define the regions where the automats
will move. These regions will be loaded with weight
values which define the place where the robots will
converge to reach the quorum, with a threshold value also
defined by the user. The quorum will be made by the
robots by comparing the weight values with the number of
robots in the region.

The simulator interface was designed in Qt
Designer (Figure-4). This interface was designed with ease
of user interaction in mind.

ARMOS
Research

Robok Confguractn Amierie Confguracin Uniral Comguracin

Cargan Antiete
Camtidad de Rabol's: Unmbral Quorum ;
Vehooida (.} ? Tamaiie Ambiente:

Ao g |1 Large (m): U

Tamania (m):

m[")"u | Largo(m):

Lonwamerks, Wsuslzacsn,

v w W ]
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Landmarks: = = = =
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—
o w w ]

Figure-4. Software interface: Path planning simulator -
quorum sensing.

To perform a simulation, the first step is to load
the navigation environment in which the robots will
interact (Figure-5). In this configuration, the simulator
provides the option to load an environment as a graphic
image, which will be available from a preloaded list of
environments. This window also provides the ability to
configure the actual size of the environment, which allows
the possibility of using real environments scaled from the
laboratory. The software already has some classic
environments that can be used by the user (Figure-6). The
loaded environments will be located in the maps subfolder.
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Figure-5. Navigation environment configuration.
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Figure-6. Environment loading, and preloaded
environments.

By selecting the navigation environment, the
software identifies obstacles and free space for navigation.
Image processing is done with OpenCV. In general, dark
regions are classified as obstacles and light ones as free
space (according to the grayscale value). This creates an
explorable environment for the robots, which is labeled as
"1". The following is to define the parameters of the robot,
this is, the number of robots, its speed, and size (Figure-7).

Robot Configuracican

Cantidad de Robot's:

Vvelocida (™/:) =

Tamaiio (m) :

Ancho (m): | o Largo (m): 0O

|

Figure-7. Robot parameter settings.

The user must define the desired QS threshold.
However, this value is restricted to a maximum of 90% of
the total number of robots, which guarantees the
consistency of the algorithm. To define the place where
the quorum will be established, we segment the
environment into rectangular regions for which a weight
value must be assigned, also configurable as landmarks,

which will give local information to the robots about the
performance of the region. The higher the value, the more
attractive the region will be to the robots (Figure-8). Once
the basic values for the simulation are configured, the user
will click on save, to save these values in the base of the
program, and then simulate to run the simulator.

Landamarks, Visualizadion.

Landmarks:

EEEN
EEEN
EEEN
HEEN

Figure-8. Assignment of landmarks with the preview of
the loaded environment.

The example shown in Figura-9 corresponds to a
navigation environment of 100 m x 50 m, and the one in
Figure-10 to an environment of 75 m x 20 m. As it is
observed, the size of the ARMOS TurtleBot robot is
adjusted to the dimensions of the environment. The speed
of the robot also adjusts to the conditions of the selected
environment. In these two cases, we used the same design
of obstacles and free space, but a different size was used
for the environment. The robots changed when the size of
the environment was modified, as having a larger area in
the environment the robots look smaller in comparison,
this means that the true size of the robots remains constant
regardless of the size of the environment.

Figure-9. Navigation environment of 100 m x 50 m.
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Figure-10. Navigation environment of 75 m x 20 m.

In the real world, robots have different sizes and
different kinds of sensors. Our simulator has configured by
default the parameters of the ARMOS TurtleBot, but it is
possible to change the size of the robot and the range of
the sensors. In Figure-10 the robots are 0.61 m x 0.61 m,
with a sensor range of 0.8 meters. Figure-11 shows a new
robot with a size of 1.2 m x 1.2 m with a sensor range of
1.5 m. The white square represents the robot, and the red
circle represents the range of the distance sensors.

Figure-11. New robots with asize of 1.2 mx 1.2 m
and sensor range of 1.5 m.

Another important parameter of the simulation
algorithm is the size of the swarm, the number of robots
that will perform the task. Our simulator allows us to
implement the number of robots that the user wants for the
algorithm as long as this does not exceed 70% of the area
of the environment. For example, Figure-12 is
implemented a simulation with 35 robots in an
environment of 75 m x 20 m.

Figure-12. 35 robots defined in a simulation environment
without obstacles.

To implement QS, the dynamics of the robots are
governed by a wild movement. Through the initial
interface, a certain quorum threshold is determined in a
region chosen by the user, and a weight is given to this
region. Depending on the weight specified by the user,
robots that exceed the quorum threshold in a region will
wait a time directly proportional to the weight of the
region. Figure-13 shows how three robots in the upper-left
grid reach the quorum threshold and begin waiting for
more robots to arrive. This behavior is observed sometime
later in Figure-14. Once all the robots are in the area of
interest, the simulation will end showing the results which
include the total simulation time and the time it took to
exceed the quorum threshold. The simulator allows
implementing the algorithm at a higher speed than real
robots, which together with the scalability in the size of
the swarm results in a powerful analysis tool.

& rong - X

Figure-13. First robots reach quorum threshold.
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Figure-14. After some time, a large proportion of the
robots are concentrated in the area of interest.

CONCLUSIONS

This article presents the design and development
of a software tool designed for the specific training of the
young researchers of the ARMOS research group. The
design of the tool was based on the principles of
competencies-based design in coherence with state
policies of formal education. In that sense, an educational
design was formulated that allowed to define the specific
competencies to be developed, then a strategy of
computational design was established that allowed to
design the different sections of the software in a chained
way, in coherence with the competencies to be formed,
and according to the functional requirements established
by the research group. This was implemented in a
production phase that continuously verified the expected
level of compliance of the tool throughout several cycles
of redesign and testing. The developed tool corresponds to
a navigation simulator for a group of autonomous robots
through a movement strategy formulated and applied by
the research group. This strategy derives its principle of
operation of a simplified model of bacterial interaction;
the tool software allows interacting with all the parameters
of this algorithm, as well as of the robot and the
environment. This tool is being applied to the students of
the group, and its real impact is part of the research project
that gives continuity to this project.
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