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Abstract—Continual  advances in  information  and
communication technologies (ICT) are revolutionizig virtual
education, and bringing new tools on the market thiaprovide
virtual solutions to a range of problems. Neverthalss, non-virtual
experimentation using Computer-Aided Control SystemDesign
tools is still fundamental for future engineers. Tlis paper
describes a control course lab element, designed tteach
electronic control engineering, in which students se a networked
control system to steer and drive an electric car nototype.
Multidisciplinary in nature, this lab allows students to take
advantage of their previous academic training as tty model the
plant from an open-loop test, and contrast the simated
behavior with experimental results obtained on theprototype. A
goal in this work was that students, across multi@ engineering
disciplines, should be able integrate the knowledgeacquired
throughout their degree studies. An evaluation of tadents’
grades, and their perception of the course, was cdacted; this
confirmed the educational benefits of the approach.

I ndex Terms—CACSD, computer-aided instruction,
computing, control engineering, engineering educati.

I. INTRODUCTION

laboratory,” which limits students’ remote (but sex)

intervention to modifying control set-points. Siarlly, the

studies in [7] and [8] propose the development erhate
laboratories for teaching control engineering, gdiasy Java
Simulations (EJS) and (in [8]) Simulink.

The authors of [9] had planned to use a double ®ID
simultaneously control the velocity and armaturerent, of a
DC motor in real time, but the actual implementativas
carried out using a dsPIC. In [10], the PID conttbh LEGO
motor system, in real time, was designed usingstifevare
tools Matlab/Simulink. The freely-available softwar
nxtOSEK [10] was used as interface between Simudimik the
LEGO prototype.

This paper presents a project-based learning (PBiposal
that has been implemented in the teaching of @eitrcontrol
systems across various engineering degree subcthe
University of Alcala, Spain. Integrating softwamdshardware
tools, the work inculcates technical and engingetiaining
skills, including:

e Multidisciplinarity, enhancing students’ previously-
acquired knowledge across fields such as mathesnatic
physics, linear systems modeling and simulation,

ONSTANT advances in information technologies have electronics, communications, telematics and infaicea

Cresulted in virtual education being highly promotied
academia [1], [2], [3]. Nevertheless, the experitakn
component is an essential element of engineerindests’
academic training [4]. The authors of this papersider that
the proliferation of simulation software tools camplement,
but not substitute for, practical activities whestedents can
validate theoretical hypothesis, and analyze thHéeréinces
between the experimental and simulation results.

Several works in the literature take this approa€br
example, [5] describes the digital control (zerdepoetwork)
of an analog plant with a PC, using Matlab/Simulfok the
design stage, and DAC and ADC converters.

In [6], students control commercially-available ®and
prototypes, so that they can focus on the contngireering

 Design of a rapid prototyping environmenfrom
commercial permanent magnet DC (PMDC) motors, a
general purpose electronic interface configured thy
student, general purpose design tools (Matlab/Sirkul
and a free operating system for real-time compcoatrol
of machine tools (Linux CNC [12]).

» Development of a networked control applicationwhich
the mechatronic platform and the controller (P@)larked
via Ethernet, which requires students to perforipicil
stages in a control engineering process: experahent
identification of the model plant, design and siatiadn of
the control solution, automatic code generatiorhviReal-
Time Workshop (RTW), and design validation from the
experimental results, Fig. 1.

aspects. The authors defend their use of an “leterrr Modeling, analysis, design, validation and impletaéon

This work has been developed under the teachingpgirt) AH/EV713

"Metodologia docente para la realizaciéon de pragcbnjuntos en materias

de control electrénico" supported by the Universitylcala.
The authors are with the Electronics Departmentivétsity of Alcala.
28805. Alcala de Henares, Spain. (e-mail: losadg@ceuah.es).

for real control problemsestablishing a close relationship
between theory and practice, and comparing sirmalilabe
experimental results and addressing any disagresniren
these.

From the point of view of training future engineeise PBL
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methodology  implemented  encourages  active
collaborative learning, improves the teaching-lesgrprocess
and increases students’ motivation and capabilitias a
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Fig. 1.‘Recursive process for the identificatiod amote control of the plant,

based on a motion actuator.

The main new contributions of this work are that:

1. Students take part in configuring the Computer Aide

Control System Design (CACSD) tools and electro
interface, as well as
experimental validation of the control system.

. Students verify the advantages of remotely contglthe
plant under study, via an Ethernet link, using piheposed
configuration. Several alternatives are exploredy. R:
simultaneous control of multiple plants from onenote
PC; non-simultaneous control of one plant from iplét
PCs sharing the same local area network; or a awatibn
of these. Students can also evaluate the secosntfanys of
the communication channel, such as delay or laténcy

3. The emphasis is on the modeling of the linear adimear
components of the real plant. The mechatronic qiatfis
previously identified from an open loop experimériest,
taking into account that inputs and outputs areuied
from the remote controller.

.CACSD tools are used: a) the Linux CNC operatingey
[12] that includes the real-time application ingexé (RTAI)
[13], suitable for real-time control of industriapplications,
and b) Matlab/Simulink and its toolboxes, espegidlie
Real-Time Workshop (RTW).

Student motivation is an important factor in tharféng
process. This consideration motivated the choicerattical
activity: the remote control of steering and drgyian electric
vehicle prototype in which the motion actuators #&ne®
PMDC gear motor blocks, each one with encoder
electronic interface, Fig. 3.

The paper is organized as follows. Sections Il &ihd
describe the development environment. Section Iylaéns
the servo-system for any of the movement actuaildre.main
academic results are shown in Section V, and tinelasions
and future work are described in Section VI.

in the design, simulation and
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Fig. 2. Alternatives for Ethernet connection betw&PUs and plants under
control. (a) Direct connection. (b) Distributed cestion.
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Fig. 3. Example of application of the CACSD profdeasteering and driving
an electrical vehicle.

Control engineering labs typically use commerci@np
demonstrations, such as the inverted pendulum [fi83,
pendubot [15], the helicopter [16], the quadrotbf][ and the
like. This allows the design effort to be focused the
algorithm solutions, which are generally complexawéver,
the authors consider that in training undergradsateents,
their previously acquired knowledge and their &pilo apply
low-cost resources should be integrated and stnengd.

With any of the configurations shown in Fig. 2, thasic
plant to be controlled comprises an electronic rfate
connected to an Ethernet network and a motion tmtu@he
first is based on an Arduino One [18] evaluatiomrolp a low-

angbst open-source electronic platform. The motiduaor is a
commercial PMDC gear motor with magnetic encodéy. #
shows a general block diagram of the proposed raew
architecture, which includes all the elements ndedecontrol
the electrical motor, both in angular velocity grasition.

MECHATRONIC PLATFORM
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Fig. 4. General block diagram of the remote cotgrohnd the plant under
study.

The electronic interface is composed of two lowtagsen-
source boards: Arduino One and the Ethernet shaid, a
power supply shield designed ad-hoc for this apgibo.
These are briefly explained below.

etc.) and non-linear (Lyapunov based control, fuzantrol,
neural control, etc.) studies. Also, the Real-Tifverkshop
toolbox allows real-time executable code to be geerd from
the graphical solution validated with Simulink, ifdating its
implementation on a real target. This capabilityesianot
appear to be available in other software altereativ

The CACSD computer tools proposed include:

* The operating system Linux CNC [12], a softwaystem
for machine tools incorporating the real-time aggtion
interface (RTAI) for Linux [13].

» Matlab/Simulink and the specific toolboxes anddisets
related to control engineering: systems identifaorat
control systems and real-time workshop (RTW).

In control engineering, being able to create riaét
applications from Simulink and run them on dedidat&rget
hardware is a key aspect. To do this, two elememés
necessary: a driver block, implemented as an Stifumc
which allows the communication with external hardsva
(Arduino board), Fig. 5, and RTW to automaticallgngrate

A. Arduino Oneis a microcontroller board, based on thegyrce code and real-time applications from the uitk

ATmega328 [18] It is responsible for controlling
communications between the remote device and

mechatronic platform, through the Ethernet intezfaand for
sampling the pulses from the magnetic incrememtebder

B. Ethernet shieldThis allows the Arduino One board to be

connected to a 10Base-T (10Mbps) or 100Base-T (1p@y
Ethernet network. It provides a standard RJ-45 iBttgack,
and supports both TCP and UDP protocols.

C. Power supply shieldlhis has three parts

» The power supply and system protection providg¥ &C
regulated output for powering the Arduino One ahd t
Ethernet shield.

e The power
Modulated) signal for driving the PMDC motor.

* The encoder input interface adapts the encodépubu
levels to the Arduino needed logic levels througb pull-
up resistors.

This configuration offers a low-cost electronicdriace that
can apply different motion controllers to the efiecimotor.
This simple mechatronic platform can test varioastol
techniques, such as classical PID, servo-systesedan full-
state feedback, observers, fuzzy and neural céersoktc.

For CACSD, several specific software tools are latée,
such as Scilab [18], [19], [21], Slicot [22], [22]24], or
Niconet [24], [25], [27], but the most widely uséa the
academic and professional world is Matlab/Simuliiig].
Working with Matlab/Simulink facilitates the idefitiation,
modeling and simulation of the plant under contBith the
discrete-time linear components (including the deteistic
channel delay) and the non-linear ones (saturatiead zone
and input and output quantification effects) can dasily
evaluated. From the control point of view, a lotreSources
are available in their libraries (toolboxes) fondar (root
locus, bode, observers, optimal control, predictoantrol,

SOFTWARE TOOLS INTEGRATION
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Fig. 5. (a) Diagram of the interaction between Simulink model and the
mechatronic platform through an S-function blodk. Yariables involved in
the specific S-functiondriver_etH.

The S-function used for the communication (“driveth” in
Fig. 5) has one input and two outputs. The inpufoisthe
information coming from the control algorithm to bent to
the platform. The first output provides the actuabtor
angular velocity (rpm), and a simple correctiontdads used
to change the units (rpm, rad/s, and degrees/s. sEtond
output provides the motor position (in degreesadians).

The “driver_eth” S-function is also responsible for
controlling the Ethernet communication to the médrc
platform, sending the input code and reading theoder
signals. The position resolution is one count, gefre number
of counts per revolution equal to the number ofoelec pulses
multiplied by four. From the motor position, obtath
counting these encoder pulses, its angular veladsityalso
computed in the S-function. To allow control of fdient
plants, the IP address of the Arduino Ethernetidlae well as
the feedback sampling time can be easily configtinedugh
the S-function arguments.
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IV. FROM IDENTIFICATION TO CONTROLLER IMPLEMENTATION

Fig. 6 shows the various stages the students fdlbogbtain
the final driving control solutions. Below, someaptical
aspects of the lab activity are detailed.

Plant Simulink .
A s 0 = NO
identification modelling |«——No
Controller Evaluation by Are
design simulation Lesules
ok?

Yes

Real-time application on
the mechatronic
platform

[

Are
results

Control code

le—]
generation with RTW

Analyze
results

Fig. 6. Block diagram of the design process toseduwithin the CACSD.

A. Plant Model Identification

Before tackling the control design, the behaviothaf plant
must be analyzed, identifying its input, outputdanternal
states and the relationship between them [29].

sample time is £5ms, chosen as a compromise between the
time-delay and the transitory response. The complet
identified model is shown in Fig. 8. The variousreknts are
described below, and their characteristic valuesdatailed in
Table I.

o

y(n)=Cx(n)+Du(n)
x(n+1)=Ax(n)+Bu(n)

| - position
Input Saturation Dead piscrete State-Space Output degrees
Quantizer Zone Quantizer
Fig. 8. Linear and non-lineal elements of the mé&dméc platform model.
TABLE |
CHARACTERISTIC VALUES OF THE MECHATRONIC PLANT MODEL
Parameter Value Units
Dead zone [-14, 14] code
Input saturation level [-255, 255] code
Input quantizer 1 code
. 11.278 rpm/count
Output quantizer or 0.3355 degree/count
Alpha coefficient ) 0.212 -
Beta coefficient(f) 0.847 -
Static gain 1.355 rpm/code
Time constant 30.2 ms

The model linear components are represented in %ig.
Parameterso and B are obtained using the Matlab

Here, the intended purpose is the control of a dudentification Toolbox, comparingafx” and “o€’ structures

mechatronic plant based on a PMDC motor, Fig. 4jlatimg

the steering and driving motion actuator of antelewehicle,

Fig. 3. This requires the design of velocity andsifion

tracking systems, implemented in a digital deviemd

connected to each motion actuator electronic iaterthrough
an Ethernet link. As a first approach, the desiggh \@alidation
of any of the motion actuators can be done indepethg as
shown in Fig. 7.

[29] and choosing the one with lower loose functignis the
sample time andK. is a conversion factor from rpm to
degrees/s. Finally, the model state variables @osition 1)

in degrees, velocityx) in rpm and delayed input code);

u‘m .7C3k a
ﬁ@ > T F

Fig. 9. Linear components of the mechatronic ptaodel.

X3 Xq

K, T,
> els >

z—1

The parameters of the PMDC gear motor and the emcod The plant was modeled in the discrete time staéeepthe

can be found in [29]. Since the plant model hadescribe the
actual behavior of all elements linked to the coligr - not

only the DC gear motor with the encoder but alse th

communication channel and the electronic interfatiee real
plant is identified after registering a collectiohinput-output
data in open-loop testing.

Power cable

' Ethernet
connection
Electronic Interface

Fig. 7. Elements of the individual plant studiedhie experiment.

The plant input is a digital code in the range $25255],
and the output can be the motor angular velocitguolutions
per minute (rpm) or the motor axis position in dey.

Due to the wired Ethernet link between the corgrodnd
the plant under study, the channel delay can bsidered as a
deterministic time-delay. The experimental testsficm that
the delay variability as well as the packet dropaue
negligible and do not disturb the control loop #igb

In order to carry out the plant open-loop test, sktected

characteristic matrices for the steering actuatershown in
Eq. (1):

1 KJ, 0 0 c=f1 o q
A=|0 B «a B=|0 ~ ()
0 0 O 1 D=[0]

The nonlinear elements shown in Fig. 8 are: thgut
guantizer modeling the integer value (8 bits) related to the
electronic interface input; thelead zone modeling the
minimum input code that produces the PMDC motidre t
saturation zonemodeling the maximum allowed input code;
and the output quantizermodeling the encoder counting
guantification effect in the output value in rpnelgcity) or
degrees (position).

B. Control Systems Design

Next, the velocity and position servo-systems asighed,
including a Luenberger observer, which, as theenmtated to
states and output is not relevant, complies with dhjective.
Both the position and velocity controllers, Fig., Hde based
on the same control law [31], [32]:

u, =-K, x, +K,;y, (2)
where u, is the control vectorx, is the plant state vector

(with two components in the velocity control systand three
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in the position one)K, is the state feedback gain matrix,
is the state vector related to error integratiod & is the
integral gain matrix. As an example, in the positigervo-
system the mentioned variables size is as followsd 0",

x, 00° v, 00° K,O00™ and K,OO™. The gain
matrices are calculated by pole placement using anthe

methods described in [31], or by applying the alz#é Matlab
functions (‘place” or “acker”).

C. Simulated and Experimental Evaluation

Once the controller has been designed, for exarmple
obtain an overdamped response, the plant modedpisged
with the Simulink driver. Fig. 10 shows the bloclagram
corresponding to the steering control; a similag endesigned
for the drive control.

Stecring control i

i T
Fes. d\sturb.i . .
(cods] ! input Ensmon .
code ) egrees) |
) t ) criver_eth eg !

Pos. ref,
(degree)

Position

S-Function B
integrator

Position ragulator

Fig. 10. Block diagram of the position (steeringpntroller in
Matlab/Simulink ready for building the real-timepdipation using RTW.

This diagram is then ready for building the renidi
application using the Real-time Workshop (RTW) taol
Matlab. This application is run on the remote PQdst the
closed-loop control with the two mechatronic platis
simultaneously.

Next, the results of the position and velocity sesystems
designed for emulating an electric vehicle steedand driving
motion actuators, Fig. 3 and Fig. 7, are shown. Eitfa)
shows the results obtained from the simulated jpmsitontrol
tests, and Fig. 11(b) from the experimental,, ad a® the
system response with external disturbances. Adeaseen in
the figure, the designed controller achieves ntdhgy-state
position error and can compensate for positiorudistnces. It
can also be seen that correct plant modeling mag@Emi
differences between simulated and experimentaligixat

5
Simulated results
1000 T T . .
2 500 10*Error; } | Disturbance |
o OUUf —— =~~~ — T T s N T X T T
o N | <—}Position\f,r \
2 0 7 | ; 7 i *
© | | | | !
5000 ————— === | - === q4-—==-= T-——=-1
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— [ (i I - Nt——
g | \j | | |
S -200Fr----- - - — - — = S [ RO ——
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Experimental results
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8 500?;0;”%@07!’:77 ,,,:, ,,,,, :,,,,[?I§t9rbance\,i,__,,,,
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0 10 20 30 40 50 60
Time (seconds)
g oo
o
O | | | |
VB 0 WW‘WW’{WMWM«*—*FﬁJWW —— T —— = hai—
s | | | | |
S -200F-----— - 1 A PR R —
30 1 1 1 1 1
0 10 20 30 40 50 60
Time (seconds)
(b)

Fig. 11. (a) Simulated and (b) experimental resof the position servo-
system shown in Fig. 10. The signals shown arepututcontrol input,
disturbance and tracking error, as labelled.

V. RESULTS

This lab experiment was implemented in three ac&em
years: 2012-13, 2013-14 and 2014-15, as the pehgtiot of a
control course. Two hours per week were given teoith
lectures, and two hours to working on the lab,ddotal of 30
hours of lab work over the semester. The evaluatias based
on students’ course grades and their responsesdtiséaction
survey. These results were compared with thosermuatan
the previous three years (2008-2011) in which #tedlement
was mainly based on simulation practices with wrfplants.

To pass the course, students must demonstrateltbeifig
competences:

» Knowledge of multiple disciplines related to theatonic

Once the mechatronic plants have been independently interface (digital and analog electronics, powecgbnics,

validated, an improvement allows a better apprdadhe real
electric car prototype. This consists of desigrardependence
function between the angular velocityy of the driving

actuator and the steering angle The student selects the

reference driving valuesg from the Linux terminal at the
remote PC. This angular velocity matches the agtaglplied
to the motion actuator when the steering anglefsis0°.
However, the current traction speed is reducetigfsteering
value deviates from zero according to the expressio

INALTA

This way, wq is canceled if the steering reference i

perpendicular to the vehicle axis, Fig. 3.

mechatronics, etc.), the motion actuator (PMDC gear
motor with encoder) and the Ethernet link.

» Choice of the appropriate sample time accordinght®
process dynamics.

* Mathematical modeling from the tests with the rglant,
linear and non-linear components (saturation, deatke
and quantization effects) identification in a spastate
model.

» Design of two tracking systems from specific regmients,
for a model electrical vehicle driving (angular aety)
and steering (angular position). In order to achiéhis

s goal, the students have to demonstrate their kromyelef

control theory [31], [32] in the state space (sesystem,
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observers).

» Validation of the designed controller using CACSi»ls
(Matlab/Simulink), analyzing the transitory and mpenent
response of the different variables of interesacking
error, plant input and output, and internal statstamation.

» Evaluation and understanding of the non-linear atdfe

means of surveys managed, provided and analyzethdy
University Quality Department. These surveys inelud
different categories to be qualitatively assessewl & 0-5
scale, where 0 means strongly disagree and 5 $yraggee),
related to various aspects such as the role optbfessor in
the class, the student's academic progress or ffat e

(dead zone, delay, saturation and quantizers) i thequired to reach the predefined aims. All thesgeeis are

complete plant model.

very subjective and highly connected to the studegrsonal

+ Generation of real-time code from a Simulink diagra Motivation for learning electronic control enginiegr

(control solution and interface with plant).

» Real-time running of the remote controller workiirg a
control loop.

 Critical analysis of the results obtained, and carigon
between the simulated and experimental ones.

» Proposal of possible improvements to the design.

* Qualitative analysis (advantages and disadvantaafeje
movement (steering and driving) control solutiosigeed,
compared to classical PID solutions.

To measure students’ grasp of these competencesusa
assessment methods (written projects, interviewseriments
supervision, etc.) were used. These assessmentsrese

given in Table II.
TABLE Il
AVERAGE RATES OF THE STUDENTS ALONG THREE ACADEMICEARS FOR THE
PREVIOUS AND THE PROPOSED METHODOLOGIES

Previous Proposed

Methodology ~ Methodology
Outstanding (9 -10) 2.73% 5.97 %
Good (7 —8.99) 16.71 % 39.7 %
Pass (5-6.99) 24.63 % 39.8%
Fail (0-4.99) 21.01 % 8.15%
Did not take the exam 34.92 % 6.38 %

Fig. 12 shows the percentages of students who ghasse

failed or did not take the control syllabus finaben, both for
students from 2008 to 2011, when the previous nustiogy
was in use; and for students from 2011 to 2015, wite

The most significant questions in the survey are:

Q1. The organization of the course’s subject maise

appropriate for learning it.

The professor establishes a link betweendbisse and

other disciplines.

The professor arranges activities to promatgigipatory

learning.

The professor promotes activities that givepportunity

to use the theoretical knowledge in practical peois.

In general, my degree of satisfaction with phafessor’s

teaching is...

The course is relevant and linked to the psifesl

world.

There is a coherence between the course’stolgscits

contents, the proposed activities and the evalnatio

methods.

The professor evaluates various aspects dfrtbeledge

acquired, such as the concepts, collaborative witm,

degree of involvement, personal progress, etc.

The professor encourages student participaitionhe

course activities.

Q10.How would you evaluate your learning expergeimcthis
course? (Unsatisfactory / moderately satisfactory /
satisfactory).

These items were selected for their relevance ®@® th

objectives of this work: Q2 and Q6 are related to

multidisciplinarity: Q3, Q8 and Q9 are associateithw

Q2.
Q3.
Q4.
Q5.
Q6.
Q7.

Q8.

Qo.

methodology described here was implemented. Onageer collaborative learning and finally Q4 and Q7 copasd to the

there were about 90 students each year.

B Pass NFail = Did not take the exam
6.38 —
8.15
85.47
Previous Proposed
Methodology Methodology
2008-11 2011-15

Fig. 12. Percentages for the academic years 20q@+&vious methodology)
and 2011-15 (methodology described here) of stsdehb passed, failed and
did not take the final exam.

It can be seen from Fig. 12 that under the propost

methodology the number of students passing thesecalmost

relationship between theoretical and practical Kedge.

The students’ answers to questions Q1 to Q9 arershm
Table Ill, which gives the average and standardadiew in
students’ answers for both the old and new metlugies.

TABLE Il
SATISFACTION SURVEYS ANSWERS COMPARISON
Previous methodology Proposed methodology

Question (2008 to 2011 (2012 to 201%
Average Std. deviation Average  Std. deviation

Q1 3.57 0.98 4.34 0.55
Q2 3.29 0.95 3.93 0.91
Q3 3.29 0.95 3.98 0.99
Q4 3.33 1.03 411 0.75
Q5 3.71 0.76 4.22 0.79
Q6 4.14 0.9 4.21 0.95
Q7 3.14 0.9 4.21 0.91
Q8 2.71 0.76 3.57 1.13
Q9 3.86 0.69 4.56 0.50

Fig. 13 plots the averages given in columns 2 aofi#able

doubled, and that the number dropping the course whHI, showing that students’ perception of variospects of the

drastically reduced.
Finally, students’ level of satisfaction was evabdh by

course has significantly improved.
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Fig. 13. Average responses to the questions isdtisfaction survey (on a 0-5
scale) for the previous and the new methodology.

For question Q10 (general satisfaction level), Hiy.plots
the percentage of students considering their
experience to be unsatisfactory, moderately sati@fg or
satisfactory under the previous or new methodolapain
showing that the objectives and expectations of tiegv
methodology proposal have been achieved.

u Previous methodology % Proposed methodology

2

o~

[><]

= %7

s

e 4 x /

) ) I /

T g o I %

L= % %
Unsatisfactory =~ Moderately Satisfactory

satisfactory

Fig. 14. Percentage response to Q10 asking studieves of satisfaction with
the course under the previous methodology andeheame.

VI. CONCLUSIONS

This paper describes an experience of teachingreféc
control engineering, focused on the practical aspet plant
identification (including linear and nonlinear elents) and
modeling, and on the control design and
implementation of a mechatronics platform.

In order to motivate students, the lab topic choses to
remotely control the steering and driving of anctie car
prototype, based on two motion actuators connectied
Ethernet to a digital controller. In addition, thab was
designed to integrate the knowledge students hagdirad
throughout their degree, in the areas of mathesapilsysics,
electronics, control, communications, and the ltkeis further
promoting student motivation.

From the control engineering point of view, two \&er
systems (angular velocity and position) were desigrwith
observers, based on the state-space model of tbleatnenics
plant under study. The Matlab/Simulink resourcedus
especially the Real-Time Workshop tool, facilitatbe
identification, control design and implementaticasis, as
well as help students to understand the differemesveen
simulated and experimental results.

The results of this effort to establish a projeaséd

legrni

learning methodology in the electronic control aplis over
three academic years were compared to three peviears
that applied a methodology mainly based on prastidga
which simulations were carried out with virtual pis; the
improvement in students’ grades and their signifilgabetter
perception of this engineering course confirm tHacational
benefits.
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