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ABSTRACT

The Educational Mechatronics is defined as the next stage of educational robotics, and it is integrated
by the Educational Model of the University, resources and existing academic spaces, practical activities
and mechatronic prototypes; it aims to develop the skills and abilities required by the jobs of the new
industrial era, Industry 4.0. This work proposes the design and implementation of a robot manipulator
kit for building the concept of kinematics in a natural way. This kit has several elements that can be
mounted in different manners to have several robot configurations in order to teach the concepts of
translation, rotation, homogeneous transformation matrix, forward and inverse kinematics, among other
topics which are crucial to understand the core of the movements of a robot manipulator. The proposed
robot manipulator kit is printed with 3D technology to make it accessible for more students. The active
learning approach used in this work is focused on promoting the development of analytical thinking as
a previous step forward of critical thinking competence, based on the three-step instructional approach
: the concrete stage (robot manipulator Kit), representational stage (coordinate frames) and the abstract
stage (kinematic equations); in the framework of Education 4.0.

Keywords: Educational mechatronics, robotics, Industry 4.0.

1 INTRODUCTION

The next era of the industrial revolution is a reality and many companies are integrating the concepts of
industry 4.0 into their processes. Industry 4.0 proposes the digitalization of companies using artificial
intelligence (Al) and the internet of things (IoT). The incorporation of new technologies within the
industrial environment has been changing business models as we knew them. In recent years, the interest
in identifying the different scenarios that Industry 4.0 brings has grown due to the new challenges that
appear in the horizon. Actually, there are four key components of Industry 4.0: Cyber- Physical Systems,
Internet of Things, Internet of Services, and Smart Factory [1].

Educational mechatronics is devoted to close the gap between what Industry 4.0 is requiring and what
Universities are offering, in terms of human resources [2]. But before, explaining what Educational
mechatronics is, first we must take a brief on Educational Robotics. Currently, educational robaotics is
used as a pedagogical tool for the soft /hard skills development, using didactic models and constructivist
pedagogical methods oriented to the construction of variables wiring and structures, allowing the
students experiment and validate their own designs [3], [4], [5]. However, the principal validated impact
of this proposals is the engagement and interest in educational robotics activities, and the skill
development to wire, using structures, but doesn't develop in the student the mechatronics basic
concepts, so the student cannot develop more complex solutions as is required today by the uncertainty
and exponential growth of technology and problems in industry 4.0 era. Although has been developed
some proposals focused on the development in the student's industry 4.0 concepts using constructivist
method applying project-based and team-based learning [6], [7], [8], the student mainly develops the
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ability to challenges around specific configurations of robot manipulators or robotic production lines,
and doesn’t focus on mechatronics concepts as by example instead of developing the workspace of a
robot manipulator, the learning process is focused in learning the specific structure of the robot.
However, educational robotics is limited to the use of higher level of abstraction concepts than
mechatronic concepts, so that proposal implies having to leave the concept of educational robotics and
return to that of mechatronic basic concepts, a process that implies a lower layer in the definition of the
concept of educational robotics. In addition, the learning process is conceived as a mechanical
consequence of their assimilation, so that students learn solutions for such mechanized patterns, so when
problems arise that do not correspond to the pattern learned, frustration occurs in the student. Therefore,
a strategy is required to ensure the development of student learning from the mechatronic concepts
focused on the construction of knowledge and skills required in industry 4.0 that involves the
organization of knowledge in a structured way.

This work proposes the design and implementation of a robot manipulator kit following the three-step
instructional approach; the concrete stage (robot manipulator Kit), representational stage (coordinate
frames) and the abstract stage (kinematic equations) that is commonly used in mathematics teaching.
The authors are introducing the new concept of Educational Mechatronics as the next level of
Educational Robotics. It is interesting to consider whether this new educational methodology really
represents a good alternative to develop the abilities, skills and attitudes of the students who will be the
main actors of the new jobs required in Industry 4.0 and how well it adapts in the framework of
Education 4.0. The following sections describe the Educational Mechatronics Conceptual Framework
(EMCEF), the design and implementation of the Robot Manipulator Kit for Industry 4.0, the instructional
design for this kit and some conclusions closes the paper.

2 EDUCATIONAL MECHATRONICS CONCEPTUAL FRAMEWORK (EMCF)
The EMCF aims to guide to teachers on the design, implementation and evaluation of pedagogical
activities to develop the mechatronic thinking in the students, the latter understood as the capacity for
the design and implementation of production systems [9] under the principle of interdisciplinary
collaboration and the concept of multidisciplinary provision of knowledge [10]; in a flexible way [11],
[12], considering the high-level intelligence hierarchy as the backbone of mechatronic system [13], [14].
Educational Mechatronics is intended to take the student to understand abstract concepts on which the
applications, we call mechatronics, are built and thus be able to face the speed of growth and exponential
change of industry 4.0, responding to the mega trends of the manufacturing industry, advanced
manufacturing processes, focusing on the development, application or integration of a set of enablers
and technologies in order to generate impact [15]. The EMCF is structured into three reference
perspectives: process, application and artefact [16] as shown in Figure 1. The first perspective is oriented
to mechatronics basic concepts as process. The second perspective comprehends all the applications
(sub-disciplines) from the mechatronic basic concepts, and finally the artefact, oriented to get some
artefacts related to the process and applications construction.

Process Mechatronic Basic Concepts
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Figure 1. The mechatronic educational framework and disciplines.
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The EMCF Learning Construction Methodology (EMCF-LCM) is a macro-process based on a
structured teaching methodology similar to [15], [16], and it is show in Error! Reference source not
found.Error! Reference source not found.. This EMCF-LCM is composed of three learning levels:
the concrete, the graphic and the abstract levels.

* The concrete level: has to do with the process of Learning level Frocess
manipulation and experience with real objects, that is, a MANIPULATION &
learning focused on the student's experience with situations Concrete mup UL

of their reality or specific objects [17], [18]. Graphic  mmp

* The graphic level: are represented the elements of reality —
(concrete level) with graphics or symbolic elements, enabling + Avstract mmp CEETAEIEY
students to integrate this knowledge as a skill [18]. Figure 2. Educational Mechatronics
* The abstract level: has to do with a totally focused learning Conceptual Framework macro-process
outside your reality, and the level of major abstraction. levels and processes involved in the

construction of learning.

3 ROBOT MANIPULATOR KIT FOR INDUSTRY 4.0

The first proposed mechatronic prototype is the robot manipulator which is made up of various
components that can be assembled depending on the topic you want such as: translation, rotation,
homogeneous transformation matrix, forward and inverse kinematics, or other topic which are crucial
to understand the core of the movements of a robot manipulator.

3.1 Design and implementation of the robot manipulator
A proper modelling methodology defines the best order to create a design in SolidWorks so that we can
get the best efficiency from our model for performance, modelling changes and revisions and all the
other items that a file will need to go thru during it life cycle. Then, we consider several different items
before we start to create a model [17]:
o Manufacturing: Defines how the part is going to be manufactured, then the design considers only
the use of a 3D printing and some aluminium parts.
o Features: Considers two scenarios: a traditional room and a motion capture (MoCap) system.
o Assemblies and Drawings: Defines how your parts are going to interact with the complete assembly.
Since the proposed robot manipulator kit is intended to be accessible for more students it is fabricating
using 3D printing technology with polylactic acid (PLA) plastic, and with some parts of aluminium.
Once that 3D models of each piece are design, the 3D printing process can start for most of the
components of the robot manipulator. To be specific, the components 1, 3, 4, 5, 6, 8, 12, 13, 14, 15 and
23 are fully made in PLA plastic using a normal 3D printing process. Besides, the aluminium is used
specifically in the base link, component 2, and the graduate link to hold the weight and stress that the
complete model could generate. Finally, component 7 (MoCap marker) is a special piece that is covered
in a reflective the light material and it is intended for using in the motion capture system. The results
that lead following the modelling methodology are depicted in Figure 3, containing the exploded view
with all its components, two different configurations, that are constructed in a sequence in order to build
the knowledge of robot kinematics.

EPDE2020/1261



12
7 3 \-/
; -
3 ' = 8
- 1. Base of the manipulator robo
& 2. Base link

& G 3. Fixing screw standard

7 e »

= % ( s

f 5. Reference ase

Figure 3. Exploded view of the Robot Manipulator containing all its components, two different
configurations of the Robot Manipulator Kit and the implemented robot manipulator prototype

4 INSTRUCTIONAL DESIGN FOR MECHATRONIC CONCEPT: WORKSPACE

OF A ROBOT MANIPULATOR

The robot manipulator kit is useful when dealing with the concepts of translation, rotation, homogeneous

transformation matrix, forward and inverse kinematics, among other topics. This work considers the

teaching case for which the instructional design is devoted to construct the mechatronic concept of
workspace of a robot manipulator under the EMCF, involving the perspective entities: Kinematics

(process) + Robotics (Application) + Robot Manipulator (Artefact). Then, the pedagogical activities for

the three levels with the selected perspective are developed. The mechatronic concept is:

“The reachable workspace is the entire set of points reachable by the manipulator”

It is worthwhile to mention that workspace of a manipulator is the total volume swept out by the end-

effector as the manipulator executes all possible motions. The workspace is constrained by the geometry

of the manipulator as well as mechanical constraints on the joints. Now, we derive the process for
applying the EMCF-LMC (see Error! Reference source not found.):

e Concrete learning level: In this level must be designed activities oriented to perceptuo-motor
characteristics. We limit the range of robot manipulator movement from 0° to 90° for the rotary joint
and the prismatic joint fixed to 230 mm. The home position for robot manipulator is 0 ° and 230
mm.

e Graphic learning level: In this level must be designed activities oriented to graphic (symbolic)
representation of mechatronic concepts taking as reference the previously developed concepts at the
concrete learning level, this will allow to gradually make the transition from concrete to abstract.
The graphic level is carried out using the Motion Capture (MOCAP) System which consist of eight
cameras Vantage V16, a Lock Sync Box, a power over ethernet (PoE) switch and the PC with Vicon
Tracker software. Each camera contains a thermal sensor to detects changes in temperature that
could affect the system status. The power and connectivity are through PoE+ protocol by CISCO.
The Lock Sync Box, connect, integrate and synchronize the cameras trough POE switch with
software. Some features of the Vicon Tracker software are: Track multiple objects, single camera
tracking and real-time system modelling with Simulink.

e Abstract learning level: In this level must be designed activities oriented to gradually transit from
the symbolic concepts to an abstract representation that includes mathematical equations.

Table 1. EMCF-LMC Process.

Concrete level Graphic level Abstract level

1. Start with the robot manipulator in its = 1. Turn on the MoCap System 1. Considering the set of points generated
home position in graph paper, if they relate to a line, it
2. Place a graph paper under the 2. Place the robot manipulator base matching = describes what in mathematics is known as
manipulator robot. the origin of the MoCap and place robot | a quarter of a circle (see Figure 5).

manipulator in its home position.
3. Place the switch in the ON positionto | 3. Start the display of the position and
turn on the red laser that represents the | orientation for the 3 references systems: base,
end-effector of the robot manipulator. rotary joint and prismatic joint (represent the
end-effector of the robot manipulator).
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4. Mark with a marker the point where
the laser is reflected on the paper.

5. Turn the arm only one position
counterclockwise (see Figure 4).

"N

Figure 4. Movement of the robot
manipulator

6. Repeat step 3 and 4 until you reach 9
positions.

7. Make a table with two columns: first
column contains the x-coordinate and the
second column the y-coordinate of the
ith-point.

8. Add to the table each of the points
marked on the paper. (Instruction
remark: this table will contain the set of
points reachable by the manipulator, also
called workspace.)

4. Start recording the data

5. After 12 seconds, turning the arm
counterclockwise and continuously from 0° to
reach 90° and wait 5 seconds. Finally turn the
arm again to return to 0° and stop.

6. Stop recording the data

7. Obtain the Excel file containing the recorded
date.

8. Plot the orientation and position of the end-
effector reference system.

9. Draw four vertical lines in the plot for
t, > start counterclockwise movement, t,>stop
counterclockwise movement, ty>start
clockwise movement and t,—>stop clockwise
movement.

Instruction remark: the x and y charts define
the set of points reachable by the manipulator,

Workspace

Figure 5. Workspace of the robot manipulator
in a top view.

2. Then, the equations describing the
parametric form of a circle (connected line
of points from subsection 4.2) is

F(0) = (x(6),y(6))
where

x(@) =rcos(8)+h

y(0) =rsin(0) + k
with 6 being the angle of rotation (0° <
6 < 90°) (Figure .c), r the radius of the
graduate link of the robot and (h, k) is the
center of the circle (base of the robot).
Instruction remark: the x and y
coordinates define the set of points F(0)
reachable by the manipulator, also called
workspace.

also called workspace.

Figure 6 shows an example of the resultant plot containing the absolute position and angular position of
the end effector is shown. It can be noted that end-effector reference system of the Robot Manipulator
contains the reachable points for the manipulator (workspace) defined by the shaded area between ¢t; y
t, that corresponds to a counter clockwise and continuously turning from 0° to 90° (see Figure 6.d and
Figure 6.e). Moreover, the shaded area between t; y t, corresponds to the reachable points for the
manipulator (workspace) in a clockwise and continuously turning from 90° to 0° (see Figure 6.d and
Figure 6.e).
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Figure 6. End-effector reference system of the Robot Manipulator

5 CONCLUSIONS

In order to face the challenges of Industry 4.0 it is crucial to have a development framework such as
EMCF that allows visualize and interact with elements or concepts in a three-level process, and not to
do so from a more reduce and specific concept such as educational robotics. In fact, educational robotics
remains as an artefact of applying the macro-process of EMCF, this allows to guide learning to comply
with the characteristics of mechatronic thinking: flexibility, attend to processes, applications and
artifacts, in a holistic way. The didactic models used in robotic educational mechatronics, are focused
mainly to develop students’ skills to wire, using predefined structures. Other didactic models are focused
on the use of specific robotic configurations previously stablished. The proposal EMCF provides a
framework to develop multiple didactic cases to develop any mechatronic concept based on
constructivism approach. In particular, the presented instructional design for Robot Manipulator is
intended to better prepare students on kinematics to acquire the necessary knowledge for be prepare
when they require to use and program a real robot manipulator in some application in Industry 4.0. By
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following this manual, the student will obtain the knowledge, skills and attitudes to meet the new
demands of the companies through an educational playful. We consider it essential to disseminate
educational mechatronics to help Mexico in its transformation to become a relevant actor in the fourth
industrial revolution.
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