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This paper describes a novel laboratory for experimental work in electronic engineering in the fields of power electronics
and electric machine control. The learning methodology has been developed to improve the technical skills and motivation
for experimental work and theory comprehension. The laboratory facilitates training with software and hardware elements
in quasi industrial electronic systems: the main pedagogical objective through experimental work is the transfer of
academic knowledge to professional practice. The addition of remote operation of these systems and the educational
resources shared on its own web platform expands the learning activities out of the campus area. The possibility of total
access to parameters and variables in the educational electronic converters proposed, which are difficult to manage in
commercial equipment, promotes students interest and academic proficiency. A better use of the hands-on laboratory

equipment and the simulation software in real designs are topics within the scope of the proposed laboratory.
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1. Introduction

The importance of experimental laboratories in
engineering education is not in doubt: they play a
fundamental role in the engineering student’s acqui-
sition of practical skills. These skills are the founda-
tion for the engineering student who is going to
work not only in research and development but
mainly in an industrial context [I-3]. Different
engineering educational areas, such as electric pro-
pulsion systems and renewable energy generation,
have focused on the negative impact on the envir-
onment with problems associated with fossil fuels
[4]. This has led to an important increase in interest
in power electronic systems. The significance of
these issues has been the motivation for developing
the Shared Hybrid-Virtual Experimental Labora-
tory (SHVEL) [5].

Over the years subjects associated with high
voltages and currents present in electric energy
converters and problems related to the cost of
experimental laboratories and the high ratio of
students to professors have been lead practical
studies in the electronics laboratory to solutions
based on simulation software [6]. Moreover, the
workbench equipment in hands-on laboratories is
usually not sufficiently flexible for incorporating
new tasks. This can become a difficulty when
technological changes must be incorporated into
educational models [7].

To complement and improve this situation, there
has been an increasing interest by scientists and
researchers in the development of new solutions
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based on combining internet technologies, tradi-
tional engineering techniques and the experimental
laboratories [7, 8]. This combination allows more
active learning activities.

The Web 2.0 technologies have given a new focus
to classroom educational methodologies [9]. The
extension of these ideas into experimental labora-
tories allowing the integration of theoretical materi-
als and concepts with experimental devices, tools
and applications in a given industrial context
releases the experimental activities out from the
constraint of the campus.

Disassemble/Analyze/Assemble (DAA) activ-
ities, resulting from the application of reverse engi-
neering and product dissection techniques, have
been used for innovative industrial design applica-
tions [10]. The application of DAA activities in
education environments has been a recent develop-
ment. The main objectives are: to increase motiva-
tion, promote knowledge transfer, and create an
environment in which students can adapt and apply
their knowledge in the development of original
solutions [11].

The laboratory presented here introduces a novel
philosophy for managing experimental work. It
consists of: using real and virtual tools for experi-
mental practice in quasi industrial equipment [12—
14]; the educational features of simulation software;
a traditional hands-on laboratory and the internet
[15, 16]. All of these characteristics contribute
towards the creation of an experimental learning
environment and the professional development of
engineering students [17].
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The following sections present: the laboratory,
two experiments, students’ analysis, learning uses,
assessment and the final conclusions.

2. The laboratory

Figure 1 shows the proposed educational environ-
ment, where the Shared Hybrid-Virtual Experi-
mental Laboratory (SHVEL) is included. The
laboratory is composed of three basic resources:
the experimental work methodology, the SHVEL
units, and the web platform [18]. The SHVEL is
related to the classroom, the hands-on laboratory
and off-campus educational activities. Specific
theory concepts outlined in the classroom are asso-
ciated with the technical resources included in the
SHVEL. The experimental work, the simulation
models, and the practical designs can be related to
the specific parts and functional blocks of the
SHVEL units.

The pedagogical objectives of the SHVEL are: to
improve student motivation for working on experi-
ments in real power electronic systems; developing
their technical skills in different areas [19], and
enhancing knowledge through a better understand-
ing of abstract theoretical concepts, which are diffi-
cult to explain in a theoretical study environment.

For undergraduate students a basic electrical and
electronic knowledge is required when working in
the SHVEL. The possibility of manipulating quasi
industrial equipment involves responsibility. When
more theoretical and technical support is needed,
students are more closely supervised by teaching
and laboratory staff. In this case, the number of
students who can work simultancously in the
SHVEL needs to be limited.

CLASSROOM CLASSROOM &

LABORATORY

| Theory syllabus |

Simulation models

Remote operation

2.1 Hardware and software resources (SHVEL
Units)

There is a paucity of publications that deal with
learning techniques and methodologies in engineer-
ing laboratories. However the importance of these
educational environments is unquestionable [2]. In
the last few years different publications [1, 7, 13]
have proposed innovative solutions to enhance
training in experimental laboratories.

The most outstanding technical characteristic of
the proposed laboratory is its flexibility. The aim is
to create an open environment, within the power
electronics area and its industrial applications that
allows student interaction. In order to create this
environment, the proposed laboratory integrates
complete power electronic systems divided into
modular functional blocks [10, 11]. These blocks
incorporate normalized inputs and outputs, and
have clearly defined functions in the system.

The access level of the system resources, for both
the controller and the controlled system, can be
considered as the major advantage of the proposed
laboratory. The preparation of the electronic
system environment is an important first step that
will allow the later interaction of students, of
different educational levels, with the hardware and
software modules designed for the experimental
work. A basic knowledge of Digital Signal Proces-
sors (DSP) and its programming tools is the basis
for the development of an accessible and secure
environment.

Freescale’s DSP 56000E family has been selected
as the basis of these educational tools and the free
communication software FreeMaster for the
remote operation. This software allows the user,
student and professor, to create their own interface

LABORATORY

Experimental
ractices

Experimental Work
Methodology

OFF-CAMPUS

Theory self-study

Web Platform
www.shvel.ne

Remote operation

L Assessment Tools |

Fig. 1. The proposed educational environment.
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for operating the modular converters, through the
use of Hyper Text Markup Language (HTML) and
Visual Basic Script programming [20]. It also allows

communication with programs such as Exce

1® and

MATLAB®, which permits a better mathematical
and graphic processing of the exported system data.

A SHVEL unit, also named the Design Integra-

tion Modular Environment (DIME), and an exam-
ple of its functional dissection process, are shown in
Fig. 2. These units constitute the student’s shared
environment for experimental work. Their technical
features are:

Total access to the hardware resources: the DSP
integrated peripheral, the instrumentation sen-
sors and analog boards, the power electronic
block and electronic switch drivers.

Total access to the software resources: the estima-
tion and control algorithms, the modulation
methods and the algorithms for digital processing
of signals.

Design Integration
Modular Environment
(DIME)

or

SHVEL Unit

e The remote operation of the SHVEL unit
through a FreeMaster interface titled Control
Page that allows the operation of the system
and the dynamic change of control system refer-
ence inputs.

e The remote parameter measurement and visuali-
zation through FreeMaster‘s Scope and Recorder
tools [20] for all defined variables and parameters
in the DSP control program.

e And, finally, the capability for the incorporation
of new designs into this modular system by the
students, for all the above hardware and software
resources. Figure 2 shows an example of the Hall
Sensor Boards designed by the students for mea-
suring voltage.

2.2 The experimental work methodology

The work methodology in the SHVEL is shown in
Fig. 3 and it is based on the functional dissection
techniques applied to industrial artifacts [9]. The

Students’ designed
Hall Sensor Boards
for measuring voltage
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Fig. 2. SHVEL unit.
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difference in a power electronic converter is that the
physical shape or mechanism of each piece has no
relationship to its task. The term ‘““functional” is
used based on the relationship between input and
output signals for each part that makes up the power
electronic system.

The functional dissection of the whole SHVEL
unit for the experimental work is outlined in the
introduction to the subject in the classroom. The
experiments are developed in functional blocks
depending on the learning objectives for the specific
subject, such as Power Electronics, Automatic Con-
trol, Analog Techniques, Digital Techniques and
Electric Machine Drives, among others.

Before starting the experimental work the stu-
dents can observe the functionality of the SHVEL
unit and analyze the behavior of a particular block.
This capability allows the students to visualize and
understand the objectives of the experiment.

The experiment consist of a five stage process that
must be executed and evaluated, step by step, before
obtaining the solutions.

In the first stage, the experiment’s goals, its
technical specifications and the required hardware
and software tools are defined. The dissected func-
tional blocks and their parameters are also identi-
fied.

In the second stage, the models and simulations of
these blocks are developed (in this case, PSIM™ and
MATLAB®/SIMULINK® are used). The external
and internal variables in the models are defined.
This definition allows a posterior connection
between models for obtaining more complex
designs.

In the third stage, the effects of possible model
uncertainties and of their environmental conditions
are analyzed. The validation of the designed models
is based on the output signal normalizations, despite

the input signal variations. The progressive adjust-
ments lead the experiment towards an optimum
solution.

In the fourth stage, the analysis of electronic
circuits and software algorithms in the SHVEL
unit and their comparison with the simulation
results reinforce the theoretical knowledge. The
relationship between simulation and physical com-
ponents are reviewed, focusing on aspects such as
integration simplicity, security and cost. The simu-
lation models are proposed for practical designs.

In the fifth and final stage, the results obtained by
the students are debated, and the conclusions about
the best designs are approved by the laboratory
staff. The analysis of the possible components,
hardware and/or software, which can be incorpo-
rated into the SHVEL unit as an industrial solution,
is a fundamental part of the concluding experiment.

2.3 The web platform

The web platform is composed of the documenta-
tion area, the SHVEL units’ remote activities and
the web tools, Fig. 4. The web platform integrates
the necessary theory resources for the experimental
work, and the commercial information about the
hardware and software components implemented in
the SHVEL units [18]. The developed software for
remote operation and visualization of SHVEL units
is also included. Finally, the chat, e-mail and
calendar web tools play a fundamental role in the
daily work agenda and in the improvement of social
skills related to the engineering education, such as
teamwork and communication. The controller dia-
gram is an example of graphical navigation within
the documentation area: the students can click on
each functional block and access the theory and
commercial documentation related to the tasks and
practical implementation of this block.

I Experimental Work Methodology
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Fig. 3. The experimental work methodology.
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Fig. 4. The web platform.

2.4 Assessment tools

There are different assessment tools in the SHVEL
for obtaining the students’ feedback with two main
objectives: to discern the level of enhancement of
learning through practical work and the continuing
improvement of the SHVEL environment. Table 1
shows a simple six-question survey form intended to
obtain the students’ feedback related to the first
proposed objective. This questionnaire is completed
by all students who are working in the SHVEL.
Moreover a suggestion box is provided for students
who have any opinions or recommendations.

3. Experiments in the SHVEL

This section of the paper contains two examples of
experimental tasks related to induction motor appli-
cations. These experiments incorporate and high-
light many of the goals of the SHVEL. The students
need to measure voltages and currents in real
conditions, to process energy within efficient para-
meters, to connect systems with different levels of
power and to analyze diverse behavior models. All

Time ’

Variables visualization in remote mode

of these tasks are related to the controller diagram in
Fig. 4 and with the hardware and software compo-
nents shown in the functional dissected SHVEL unit
in Fig. 2.

Table 1. Questionnaire for students’ feedback survey

Theory learning

A.1The SHVEL is a useful tool for improving the theory lectures
in the classroom.

A.2 The SHVEL is a useful tool for improving the learning out of
campus.

Simulation software use
B.1 The SHVEL improves the use of simulation as an educational
tool.

Technical proficiency
C.1 The SHVEL improves your experimental technical skills.

Motivation

D.1 The SHVEL increases motivation in studying electronic
engineering.

Professional development

E.1 The SHVEL improves your professional development.
Scale: Strongly disagree — Completely agree

1 2 3 4 5
o o0oo0oobad
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Fig. 5. Instrumentation prototype boards with Hall sensors (A), the power electronic
block (B) and switch driver (C).

The experiments have been selected to demon-
strate the experimental learning features of the
SVHEL, and the integration of the maximum
number of components. In Fig. 5 it is possible to
observe the physical structure of one SHVEL unit
composed of some of these hardware components.

The first experiment presents different induction
motor flux estimation models, with the hardware
and software necessary to implement them. The
second experiment presents the development of a
pulse-width modulation (PWM) inverter, the study
of the effect of different modulation techniques, and
the driver architecture. All these blocks are included
in the controller diagram in Fig. 4. These experi-
ments are integrated in the experimental work
program of different subjects of the Industrial
Electronics and Automatic Engineering degree
and the Control and Automation and Robotic
Engineering Master, at the University of the
Basque Country.

Through the use of the SHVEL the students can
observe the series of problems that emerge and how
they can be resolved or mitigated. The experimental
work methodology provides a common framework
for analyzing the global architecture of the SHVEL
unit in the experiments and for proceeding step by
step in the dissected tasks, clarifying the technical
necessities of these tasks. The web platform pro-
vides shared documentation and communication
possibilities, which allow students to manage the
experiments efficiently.

3.1 Stator and rotor flux estimation

The flux estimation has been selected as an example
of an abstract parameter that is difficult to measure

and to visualize but with a fundamental role in
advanced control algorithms of the induction
motor drives. The flux models analyzed in theory
and developed in the experimental work have been
[21]:

wé’ = /(VS - Rsis)d[ (1>
L, .
1/% = L_ (1/15 - ULSls) (2)
di, Ly, 1
dt Trls +Jjw wr Trw’ (3)
d,l)[}r Lr Lfn _ Lm . Lr
di (E + LrRs> - Evs - ¢r +JWE%
LL, L\ di
B ( R, L,RS> dt )
1 1
Vas =3 (Vab + Vac); Vg5 = ﬁvbc (5)
I . .
— (lus + 2ips) (6)

ids = lgss gy =
qs \/§

Equation (1) represents the stator flux estimation.
The voltage-based, current-based and hybrid rotor
flux estimation models are represented by Equa-
tions (2), (3) and (4), respectively. The input vari-
ables measured are the machine terminal voltages,
Equation (5), currents, Equation (6), and the rotor
speed. The equations have been considered in the
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stationary reference frame (d—q) [21]: where 1), and
1, are the stator and rotor flux; i,. and vy,
represent the phase current and voltage; iz, ys, Vs
vgs are the currents and voltages referred to the
above mentioned stationary reference frame and
expressed in terms of the measured three-phase
currents and voltages, being vy = vy + Vg,
iy = I4s + Jigs . And finally, R; and L, are the stator
resistance and inductance, R, and L, are the rotor
resistance and inductance, L,, is the mutual iznduc-
tance, w is the rotor speed and o =1 —% the
leakage coefficient.

3.2 Output electronic converter: PWM inverter

Voltage Controlled PWM inverters have been
extensively used in the industrial world. Different
PWM modulation techniques have been studied in
order to analyze the following topics: the linear
modulation range in Equation (7), the distortion
factor d in Equation (8), switching losses in Equa-
tion (9) and finally, the motor losses in Equations
(10) to (12). These aspects are all related to the
efficient energy conversion [22, 23].

V 2
M; = m ) V1 six—step — ; Uge (7)
Ihrms 1 . .
d= ;I/lrms = *\/ i(t) — i1 ()] 2dt
]hrms_sixfsrep \/T T [ ( ) 1( )]
(8)
Ton 1 (tt,on + tt,off)
P n — 0 Iz,c_ ) Pwn =35 cI T
o VS ndd Ts m b Ud d Tv
9)
3 .12 . Lm 2
P(?()p - 5 R‘\'|l‘\'| + <lq.s‘ L_,> Rr (10)
PC'UP—h =3 Il%rnm(I{Y + Rl) (1 1)

3
P(?or = E |r(/}m|2 (kh|we‘ + kedwg) (12)

M, represents the index of maximum modulation,
V; is the amplitude of the fundamental harmonic of
the modulated wave in the motor phase and V..
step Tepresents the amplitude of the fundamental
harmonic for the six-step modulation technique.

The distortion factor parameter relates the value
of the distortion current for the modulated system
to the value of the harmonic current of the converter
modulated in a six-step technique.

The loss model in power semiconductors are

represented by conduction and switching losses
P,, and P ., Where Von, ton, t on, and t, . are
the conduction voltage and time, and the turn-on
and turn-off transition times respectively. Uy, 4.,
and T are the DC voltage, DC load current and the
transition time.

The loss model in AC machines can be divided
into: copper P, core P,,,, mechanical and stray
load losses, where Iy, represents the different
harmonic components of the current modulated
wave, k;, and k.; are the hysteresis and eddy
design coefficients, v, is the electromagnetic flux
and w, the rotation speed of the magnetic field.

4. Experimental analysis performed by the
SHVEL’s students

In this section a summary of the experimental
analysis performed by the SHVEL’s students will
be explained along with the most representative
conclusions obtained by them.

4.1 Analysis

First, all the signals that must be measured in each
simulation model are analyzed in the SHVEL unit,
Equations (1)—(6) for flux estimation and Equations
(7)—(12) for power losses. At the same time, in the
event that any of these signals requires a software
processing procedure, they will also be analyzed.

The use of Hall sensors for current and voltage
measurements is evaluated, Fig. 5(A). The use of
resistors for these measurements is also analyzed.
For the speed, the decision of applying one of the
different algorithms for speed estimation [21] or
measuring by an incremental encoder is more com-
plicated. In the power electronic block, Fig. 5(B),
the security of the converter isolation and the power
switch command architecture are established; the
SKHI driver (International Rectifier™) for operat-
ing the electronic switches is analyzed as an example
of a compact integrated driver, Fig. 5(C).

Next, the simulation model and the experimental
result are compared. Through different tests and
experiments with parameter modifications and
input perturbations, the robustness of both systems
is analyzed. For the simulation model analysis it is
possible to add noise for a more realistic environ-
ment.

Figure 6 shows some dissected functional blocks
taken out of the SHVEL unit and the initial proto-
types of these blocks for using them in more secure
conditions, for example, in lower currents and
voltages. The functionality of the blocks is the
same as in the SHVEL unit but the students can
manage their inputs and outputs for more flexibility
and a better comprehension of their technical fea-
tures and their possible improvements. In the pro-
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Fig. 6. Dissected functional blocks: Hall sensor boards (1, 2, 3,4 and 5), SHVEL unit (6), switch driver (7),
power block prototype (8), instrumentation board (9), and induction motors (10).

posed experiments seen in Fig. 6, it is possible to
recognize the Hall sensor boards for measuring
currents and voltages (1, 2, 3, 4, 5 and 6), switch
driver circuits and modules (6 and 7), different
power blocks prototypes (6 and 8), instrumentation
prototype boards (6 and 9) and the induction
motors (10). The same methodology can be applied
to the DSP software for programming specific
peripherals, such as, analog-to-digital converters
(ADC), pulse-width modulators (PWM) and
timers (TMP).

Finally, the developed experimental work is pre-
sented, discussed and evaluated, focusing on deter-
mining the best options for obtaining improved
designs. Topics such as functional behavior, cost,
security, and integration simplicity are considered.

The capability of creating and updating a techni-
cal database of all the experiment’s notes and
designs by the students into a form of reference
library is an additional resource tool in the web
platform documentation area [18].

4.2 The main solutions of SHVEL's teams

Figures 7-10 show the main solutions developed by
the students after designing different software and
hardware tasks when working in the voltage model
flux estimation and in the power electronic inverter
experiments. All of them are shown using the Free-
Master platform as the system remote control server
and as a visualization platform. The possibility of
remote operation, parameter visualization and the

measurement of the SHVEL units are some of the
most obvious differences and advantages of the
proposed laboratory.

The students can control the electric machine,
modify control parameters and visualize any system
variable in oscilloscope mode for slow events and in
recorder mode for fast events.

Figures 7 and 8 show, for example, the problem in
the behavior of the algorithms that estimate the
electromagnetic flux in the rotor of an induction
motor and the given solution. These graphs have
been obtained through the Recorder tool of the
FreeMaster program and permit the analysis of
the saturation effect of the flux in the voltage
model in Fig. 7, indicated as Rotor_Flux_vi, and
the further correction based on the student contri-
butions, in Fig. 8, through the design of analogical
and digital filters, and the substitution of pure
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Fig. 7. Magnetic flux deviations in the voltage model.
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Fig. 8. Magnetic flux in the corrected voltage model.

integral function algorithms by first order functions
[21].

In Figs 9 and 10 it is possible to analyze the result
of two of the PWM modulation techniques pro-
grammed and applied in the power inverter: one
continuous SVPWM and the other one discontin-
uous DPWM2 [22, 23].

The loss analysis is made based on the tempera-
ture variations in the induction motor and in the
three-phase power block heat sink, through the
modification on the modulation technique and the
switching frequency [22, 23].

The command circuit architecture of the electro-
nic switches of the power converter has a significant
affect in AC drives. The substitution of power
supplies with transformers by bootstrap capacitor
circuits has played an important role in the internal
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Fig. 9. Space vector modulation (SVPWM).
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Fig. 10. Discontinuous modulation (DPWM2).

Table 2. List of experiments in the SHVEL for induction motor
drives

Steady-state operation of an induction motor

Uncontrolled induction motor drives

Input electronic converter: uncontrolled, controlled and semi-
controlled rectifiers

PWM modulators

Output electronic converter: PWM inverter

3-phase AC induction motor control with V/Hz speed open loop
3-phase AC induction motor control with V/Hz speed closed loop
DC-DC converter for dynamic braking

Electric variables in vector representation: axes transformation
Field oriented control principle

Dynamic modeling of an induction motor

Stator and rotor flux estimation

Speed estimation methods

3-phase AC induction motor with vector control

3-phase AC induction motor with sliding mode control
Continuous and discontinuous space vector PWM modulation
techniques

Advanced input electronic converter: PWM rectifiers
Measuring of electrical parameters: voltage and current sensors
Measuring of mechanical parameters: speed and torque sensors
Analog and digital filter design

Instrumentation board design

Switch driver design. Power supplies

consumption of energy in the equipment and also in
its size, weight and cost.

The proposed experiments are a small sample of
the possibilities of experimental analysis, measuring
of variables, electronic design and remote operation
in the laboratory. Table 2 lists the various experi-
ments with induction motor drives that the SHVEL
can support.

5. SHVEL other learning uses

The SHVEL presents many possibilities for improv-
ing theory comprehension. In the classroom, via the
class computer, the SHVEL unit can be accessed via
the remote control and observed by the audio-visual
equipment. This capability allows the professor to
design the class lecture of the day and to demon-
strate to the students in real time specific subject
matters. This application can be observed in any
level of detail in the modular real system. The
Control Page in Fig. 4 shows a computer screen in
which the remote control of the system can be
accessed, commanded and monitored via two cam-
eras. In the first camera, top right, the modular
converter and any of the introduced designs in the
system can be observed and in the second camera,
bottom right, the behavior of the electric machine
can be seen and heard.

In the engineering graduate final project the
SHVEL units present the optimal characteristics
required for the experimental section. The multi-
disciplinary character of the proposed laboratory
allows working in electronic hardware (analogical
circuit, instrumentation, power electronic switches,
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Fig. 11. Satisfaction survey about the SHVEL use.

filters, etc.), in microelectronic software (micropro-
cessor classical and advanced control algorithm
programming, communication drivers, etc.), and,
finally, graphic user environments (HTML, Java,
Visual Basic, etc.).

The SHVEL can function as a research and
development laboratory, as it allows the testing
and analysis of theoretical advancements when the
technical specifications to be implemented are fea-
sible, in a physical environment.

6. Assessment

The proposed environment is different from the
classical approach to laboratory work and is more
closely related to today’s changing technological
industrial and life style demands. The technological
capability for experimental work through the web
platform leads to the laboratory growing out of the
campus constraint.

As this environment involves the manipulation of
quasi industrial equipment, a basic technical knowl-
edge is required that limits individual student use of
the SHVEL. This real environment and its educa-
tional and technical challenges develop competen-
cies such as teamwork and creativity. The students’
interest in the experimental laboratories, in this
fundamental part of their academic education, is
enhanced by their knowing that their contributions
can be integrated and tested in the SHVEL.

An assessment of the accomplishment of the
objectives is revealed in Fig. 11, which represents
the results of a satisfaction survey, based on the
questionnaire in Table 1. Since the introduction of
the SHVEL in 2007/08 it is possible to observe the
high acceptance during the first academic year.
Students’ feedback in the second academic year
marked a decline. This was due to an increase in
student numbers, initial problems with the remote
control and a changing experimental work schedule.
The succeeding academic years, with increasing
student numbers, have revealed a steady continuing
overall improvement.

7. Conclusions

The University of the Basque Country is immersed
in a great transformation adapting their current
degrees to the new European Space for Higher
Education. To meet these new goals the educational
environment and laboratory outlined in this paper
have become a fundamental part of the students’
acquisition of experimental skills and professional
development in the field of power electronics and its
applications.

The presented laboratory achieves the proposed
objectives: first, to promote the transfer of technical
knowledge through experimental work, secondly,
to improve technical skills and motivation with the
linking of theory, simulation and real design in
quasi industrial equipment, thirdly, to expand the
experimental work out of the hands-on laboratory
through the use of remote control for the analysis of
the behavior of the integrated modular elements
and, lastly, the professional development for the
theoretical and practical execution of each experi-
mental task.
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