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This paper introduces a laboratory approach for teaching and learning an Intelligent Control course delivered to

Automation and Industrial Electronics Engineering students. It integrates methods from Control Theory and Artificial

Intelligence. Students initially develop a simulated plant controller using the Matlab fuzzy toolbox and the Simulink

program. They then apply their design to interconnected tanks in an actual plant. Other experiments include the expert

control of an elevator panel using the CLIPS shell and Linux in real time. This is complemented by the design and

implementation of a Neural Network for the identification of a proposed plant. A survey of students’ opinion about the

approach and the impact of the approach to learning were assessed.
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1. Introduction

The Intelligent Control (IC) course that has been

designed to teach final year Automation and Indus-
trial Electronics Engineering students the theoreti-

cal and practical aspects related to the design of

Intelligent Control Systems. This integrates meth-

ods fromControl Theory andArtificial Intelligence,

which are also used to influence the resulting sys-

tems [1].

Currently, advanced control and optimization

are becoming more commonplace as a way of
improving financial objectives and to maximize

both product output and quality. But the need to

control increasingly complex processes whose beha-

vior models are unknown, with very small toler-

ances and minimum response times, has led to the

use of Artificial Intelligence techniques as control

strategies that will allow these characteristics to be

achieved.
A survey on the literature on teaching Intelligent

Control can be found in Yurkovich and Passino [2],

El mahdi Ali and Darwich [3], Huang et al. [4] and

Elmahdi et al. [5].Most of these, however, are based

on the use of simulators or on conducting experi-

ments using Matlab, Simulink or Labview, in some

cases. In this paper we propose a more practical

approach involving experimental set-ups that will
allow the student to engage in hands-on training in

actual working scenarios, thus providing the experi-

ence to handle the various situations that may

present themselves in their future professional

careers.

2. Course planning

The course on Intelligent Control is taught to final

year Automation and Industrial Electronics Engi-
neering students. It is a 6 ECTS credit course (1

ECTS credit is equivalent to 25 hours of work). This

load is divided into 3 ECTS theory credits and 3

ECTS laboratory credits. The course involves 24

lecture hours, aswell as an additional 6-hour session

that all students have to attend in order to give an

oral presentation on a project they have done.

During laboratory hours the students attend
hands-on sessions in the laboratory where the

operation of plants or systems they have to control

are explained to them. It is their subsequent simu-

lated and actual implementation of these control

systems that is explained in this paper.

This course is intended to teach students the

following specific technical skills and abilities:

[T1] Identify control elements and their applica-

tions in a control system.

[T2] Apply intelligent control principles to control

a given plant.

[T3] Apply Artificial Intelligence techniques to
classical and modern control systems.

[T4] Analyze control systems problems using sui-

table simulation software.

[T5] Apply Intelligent Control techniques to

improve solutions reached using classical con-

trol techniques.

In addition, students will learn the following inter-

disciplinary skills:

[I1] Acquire transferable skills that could help

reaching solutions in a wide range of applica-

tions.
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[I2] Develop creativity and critical reasoning.

[I3] Develop teamwork skills.

[I4] Develop an understanding of various solu-

tions on the environment.

In the lectures they are first given an introduction to

the research fields and applications in intelligent

control before proceeding to a study of the theore-

tical bases of Hierarchical Control. The course then
focuses on Expert Control, Fuzzy Control and

Neurocontrol techniques. In general, all of the

hands-on activities promote active participation in

the learning and provide support to mitigate any

shortcomings (in particular regarding the mathe-

matical aspects).

These activities conclude with a seminar in which

the students have to conduct a study on a practical
case in Intelligent Control and present it in class to

their fellow students. To do this they must perform

an online search and find different examples of

intelligent control applications. These applications

should rely primarily on the knowledge acquired by

the students in the class and not be research inten-

sive. Once the case to be studied is decided (for

example a fuzzy control system for precision farm-
ing [6] or a neurocontrol system for a fermentation

process [7] ), the student must:

1. Describe the problem that is to be solved

2. Determine the specifications involved

3. Explain why classical andmodern control tech-

niques cannot be used

4. Specify which artificial intelligence techniques

were used.

This activity will promote the development of team-

work skills and favors the voluntary formation of

work groups outside the classroom. This task will

allow the students to develop skills [T2–T4 and I3]

individually in a non-structured learning environ-
ment.

As for the practicals, they will perform three, the

first twowith actual plants in the laboratory and the

third in the Computer Room. These experiments

involve:

1. An Expert Control System for an elevator. The

control will be carried out in real time with the

Linux Operating System [8] and with CLIPS [9]

as the tool for developing Expert Systems.

2. Design and Implementation of a FuzzyControl
System for a system of interconnected tanks.

This will be done using Matlab and Simulink.

3. Design and Implementation of a Neural Net-

work for the identification of a proposed plant.

TheMatlab neural network toolbox [10] or any

neural network program may be used.

Table 1 lists the skills and abilities to be acquired by

the students through the different activities that

comprise the Intelligent Control course. As men-

tioned above, each of the activities presented in the

course further develops each skill set. For example,

after the lectures the students will know and under-

stand control elements andhierarchy [related toT1],

know the characteristics and concepts of intelligent

control systems in real problems [T2], know how to
integrate Artificial Intelligence techniques in classi-

cal and modern control systems [T3], study actual

control problems through the use of simulations

[T4], and be able to propose solutions based on

Intelligent Control for real control problems in

which said techniques can yield improvements

over classical and modern control techniques and

acquire a knowledge of basic and technical matters
that will enable them to learn new methods and

theories [T5]. The lectures will also provide them

with the versatility to adapt to new situations [I1].

The projects and presentation will also allow the

students to develop skills [T2–T4], as well as their

teamwork skills. Lastly, the practicals will partly

satisfy the objectives of skills [T4–T5] and [I3], and

give them the ability to solve problems with initia-
tive, decision making, creativity and critical reason-

ing [I2] and a have concern for quality and the

environment [I4].

The sections that follow will briefly comment on

and describe the techniques used in the practicals, as

well as the work to be performed by the students in

each.

3. Areas of research and applications in
intelligent control

Intelligent Control techniques are being researched

and applied in various fields. In designing the course

experiments, we focused on three: Expert Control,

Fuzzy Control and Neurocontrol.

3.1 Expert control systems

In this section we introduce the concept of Expert
Control. We then show how the practical for this

part of the course was designed and describe the

plant to be used, the programming language and the

features of the Expert Control system that the

students have to design.
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Table 1. List of activities skills for IC course

IC activities Related skills

Lectures [T1] [T2] [T3] [T4] [T5] [I1]
Project and presentation [T2] [T3] [T4] [I3]
Experiment 1 [T4] [T5] [T6] [I2] [I3] [I4]
Experiment 2 [T4] [T5] [T6] [I2] [I3] [I4]
Experiment 3 [T4] [T5] [T6] [I2] [I3] [I4]



3.1.1 Introduction

An Expert Control System is a type of Expert

System [11] whose task it to govern the complete

behavior of an object or process. The Expert Con-

trol System can interpret the current status of the

control systems, predict the future behavior of the

process, diagnose problems that may arise and

constantly revise and execute the control plans.
The Expert Control System, therefore, handles the

interpretation, forecast, diagnosis, planning and

execution.

Expert Control Systems [12] need to engage in a

decision-making process in order to exercise control

automatically and independently. The results of

their inferences are changes in the knowledge ele-

ments as well as the activation of a certain control
algorithm.

Unlike traditional Expert Systems that normally

work off-line, an Expert Control System has to

acquire the information dynamically, on-line, and

implement control actions in real time. This real-

time requirement implies a series of obstacles that

are shown to the students both theoretically and

hands-on in the laboratory over the course of the
practical. These requirements are [13]:

� Nonmonotonic reasoning

� Asynchronous events

� Temporal reasoning

� Reasoning under time restrictions

� Parallel reasoning

� Working with uncertainty

� Sufficiently high execution speed.

3.1.2 System description

The purpose of this practical is to execute the expert

control of a board that simulates the operation of

two independent elevators in a four-floor building.

The elevator board is connected to the computer via

a PIO12, which features three digital 8-bit I/O ports

(Fig. 1). This board is used in other courses, and

allows the student to compare the Expert Control
strategy usedwith those fromprevious courses, such

as LEYFA (Fundamental of Computer Structure

and Architecture Laboratory), which includes the

simulated control of elevators using a procedural

language such as C.

The information obtained from the system is:

� Elevator position. Each floor provides informa-

tion on whether either of the two elevators is

stopped there or is moving.
� Status of doors. Indicates whether a door is open/

closed or in the process of opening/closing.

� External pushbuttons. For each floor of the

building there are two buttons to simulate exter-

nal calls. One of the buttons simulates external

requests to go up, and the other to go down.

� Internal pushbuttons. There are four buttons in

each elevator to specify the cab request to go to
any of the four floors.

3.1.3 Programming language

In this exercise the students have to write a script

using the CLIPS language so as to simulate the

control of the elevator system in the most efficient

and economic way possible.

The CLIPS (C Language Integrated Production
System) [9] language is explained to students in the

course’s lecture classes. It is a tool for the develop-

ment of Expert Systems created by the NASA/

Lyndon B. Johnson Space Center Software Tech-

nology Branch. It was designed to facilitate the

development of software to model human knowl-

edge for specific purposes. It features high port-

ability, low cost, and ease of integration.
This program was chosen for the students to use

in the practical because it is portable, easy to

integrate, public domain software that allows hand-

ling a wide variety of knowledge (including object-

oriented programming). It includes debugging

tools, online help and an editor, and it allows for

verification of the rules included in the expert system

being developed. In addition, extensive documenta-
tion on CLIPS can be found on the official webpage

[9].

A program written in CLIPS can consist of rules,

facts and objects. The CLIPS shell provides the

basic elements of an Expert System [11–15]:

� Global data memory (working memory, WM):

contains the list of facts.

� Knowledge base: contains the rules for the rule

base.

� Inference engine: controls the global execution of

the rules.

In our practical, the Expert Control uses a daemon

in real time under the Linux operating system [8] to

constantly monitor the status of the elevator board.
This daemon allows for information on the status of

the board to be added to CLIPS in real time, such as

the current floor where each elevator is located, the

condition of the doors (open/closed) and the exis-
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Fig. 1. Elevator board.



tence of internal and/or external calls on a given

floor. This allows for facts to be input to the CLIPS

working memory automatically whenever an event

takes place on the elevator board.

The built-in daemon also provides the program-

mer with a set of commands to enable control
actions to be sent to the elevator board. These

commands are move elevator to indicated floor

and open or close elevator doors.

For example, the CLIPS script for opening the

elevator doors would then be:

(defrule open_door

?dr <- (door ?elevator closed)

(stopped ?elevator ?floor)

=>

(retract ?dr)

(send-message (str-cat ‘door ‘ ?elevator ‘ open’) )
)

As we can see, this is a very simple script for the

students to write. It will be complemented by the

other rules that they will have to input in order to
complete the expert control of the elevators. The

characteristics and restrictions of the rule set are

explained in the next section.

3.1.4 Characteristics of the Expert Control System

to be designed by the students

In order to design the set of rules for controlling the

elevator board, the students have to bear in mind

how an elevator system behaves in a real setting.

They also need to include the necessary intelligence

in the system so as to maximize energy savings and

so that the service provided by the elevators is as

efficient as possible.

Some of the requirements are:

� Internal calls have priority over external calls.

� An elevator does not change direction (up or

down) until a new call is made in the opposite

direction.
� If both internal and external calls are present at a

given floor, and an elevator arrives at said floor, it

must accommodate both calls simultaneously

(and not open and close the doors twice, once

for each call).

� If both elevators are stoppedwithout anypending

requests, and an external call is made, the closer

elevator will respond.

If an external call is made and an elevator is

already in motion in the direction of the call to

attend to another request (internal or external), and

the floor where the request was made has not been
passed, the elevator will make an intermediate stop

to attend to the external call.

This exercise is intended to introduce students to

IC techniques. Even though the Expert Control

system in this case involves an elevator control

board, the techniques can be applied to multiple

domains within the Control field.

4. Fuzzy control

In this section we introduce the concept of Fuzzy
Control, which is explained to the students during

the lecture portion of the IC course, with a descrip-

tion of the plant to be used and the characteristics of

the practicals the students have to do.

The experiment is structured in two parts: first the

studentswill design the fuzzy controller and conduct

a simulation (using the Matlab fuzzy toolbox and

Simulink) in order to check it for proper operation.
Once the simulation is checked by the professor,

the students will begin the experiment with the tank

setup in the laboratory. This allows the students to

validate, using a real plant in the laboratory, their

preliminary design.

4.1 Introduction

FuzzyControl [16–17] is a controlmethodology that

uses Fuzzy Logic [18–19] in real systems, given its

immediate application to those systemswhose beha-

vior is known based on vaguely defined rules. This

imprecision arises from the complexity of the system

itself.Thewaytotry tosolve this typeofproblemisto

reduce the complexity by increasing the uncertainty

surrounding the variables. These techniques, then,
are very useful and easy to implement in problems

that present non-linearities and for which classical

control techniques are difficult to apply.

The behavior present inmany systems, regardless

of their complexity, canbe givenby a set of rules that

are often imprecise, or that employ linguistic terms

fraught with uncertainty. Therefore, as a general

rule, a knowledge base is defined for the system.This
is a set of rules provided by an expert who is in the

best position to know the system’s behavior, thanks

to the experience acquired through the operation of

said system.

If the control scheme shown in Fig. 2 is to be

applied toareal system, the fuzzycontrollerhas tobe

adjusted to the sensor and actuator technology in

use, which employs concise magnitudes [20]. There-
fore, the concise values provided by a sensor have to

be converted into the fuzzy values that comprise the

variablesof theantecedentof therulebase.Likewise,

the fuzzy values inferred by the rules have to be

converted into the concise values required by the

actuators.

4.2 Description of practical

The working system used for the Fuzzy Control

practical is an ALECOP model with two intercon-

nected tanks (Fig. 3).

Laboratory Approach for Teaching and Learning Intelligent Control 1377



Although this particular system was used, the

experimental design is independent and can be

used to control any other plant featuring real time

or uncertainty requirements, or for which a beha-

vior model of the system to be controlled is not

available, since fuzzy control facilitates the model-

ing and implementation of the regulation systems

for complex systems affected by a large number of
variables (some with undefined behavior).

The plant used is a second-order system charac-

terized by the following elements: working tanks,

connection area, connecting hoses and drainage

tanks. There are two identical tanks. The height

difference between the tanks can be modified by

means of amovable platform. The amount of liquid

they contain is measured independently by two level
gauges.

A diagram of the system is shown in Fig. 4. We

can see that the flow rate supplied by pump q is

delivered to the first tank, which dumps its contents,

via flow rate q1, to the second tank, driven by the

difference in height between the two tanks. The

height of the second tank, h2, is the variable to be

controlled. This tank, in turn, dumps its contents to
the drainage tank via flow rate q2.

4.3 Goal of experiment

The goal of the experiment is to control the level in

the second tank by adjusting the flow rate into the

first tank. The fuzzy control system, with its inputs

and outputs, will be as shown in Fig. 5.

The students will have to design the fuzzy con-

troller in keeping with the following steps [12]:

� Establish controller’s input and output variables

(linguistic variables).

� Define the fuzzy sets for each variable.

� Define the membership functions for the sets.

� Establish the rule base.
� Define the fuzzification, inference and defuzzifi-

cation mechanisms.

4.4 Fuzzy Control simulation experiment

Before the controller is implemented, the students

have to conduct a simulation to evaluate its perfor-

mance. This will allow them to become familiar with

the system and to conduct several tests in a short

period of time. In addition, the simulation results
will allow the students to improve and optimize the

design of the fuzzy controller and to verify that it

will work properly when implemented.

The Simulink tool is used to simulate the system

of interconnected tanks. This tool allows the control

loop to be implemented through the use of blocks

and to insert the fuzzy system made with the fuzzy

toolbox as the controller. The control system dia-
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Fig. 2.Feedback loop for a fuzzy controller including fuzzification, inference and
deffuzification.

Fig. 3. Real plant with interconnected tanks.

Fig. 4. Diagram of the tank system.

Fig. 5. Fuzzy controller for a system of interconnected tanks.



gram would be as shown in Fig. 6. As we can see in

the diagram, two amplifiers and a saturator are

included in addition to the fuzzy controller and

the tanks.

The use of the amplifiers is intended to decrease

the error in the steady-state signal by modifying the

fuzzy part of the input and output variables. By

adding amplifiers at both the input andoutput of the

controller and adjusting their gain, the desired

specifications can be achieved.

The presence of a saturator after the output

amplifier avoids voltage increases above the max-
imum allowed. The student will check these aspects

both in the simulation and in the experiment to be

conducted on the actual plant.

Examples of the results that can be obtained from

the simulation are shown in the graph in Fig. 7.

4.5 Fuzzy Control experiment on actual system of

interconnected tanks

Once the students complete the simulation of the

fuzzy control plant, they have to test and verify its

behavior in the laboratory on a real plant. As

mentioned previously, the working plant used in
the experiment is the ALECOP model of intercon-

nected tanks. Thismodel features a separate control

module, used to measure the liquid levels (system

output) and from which inputs can be provided to

the pump so as to regulate the flow going into tank 1

(system input).

The students will conduct tests to check the fuzzy

control of the system for proper operation by
entering different set points to be maintained. In

addition, perturbations canbe induced in the system

to see if the controller can adapt to and correct them

in real time by opening the valves on the second tank

so as evacuate part of its contents. The fuzzy

controller has to respond properly to this situation,

increasing the command sent to the system so as to

attain the desired set point once more.
Figure 8 shows the results obtained on a real

system of interconnected tanks (the set point is

overshot slightly due to the flow rate, to the residual

water left in the hoses and to bubbles).
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Fig. 6 Simulink diagram for the fuzzy control of the level of the interconnected tanks.

Fig. 7. Output (y(t) ), Command (u(t) ) and Error (e(t) ) of the
simulated fuzzy controller for the level of the interconnected
tanks.

Fig. 8. Output (y(t) ), Command (u(t) ) and Error (e(t) ) of the
actual fuzzy controller for the level of the interconnected tanks.



5. Neurocontrol

In this section we introduce the definition for

Neurocontrol, as well as the design of the experi-

ment that students have to carry out for this part of

the course.

5.1 Introduction

The term Neurocontrol [21–22] refers to those

control methods that involve neural networks.

Neural networks are computational models par-

tially based on the operation of the human brain.
They consist of a certain number of basic processing

units (neurons), connected according to specific

rules, where each connection has a weight asso-

ciated with it. The most important features of a

neural network are its architecture (number of

neurons, activation function, type of connection

between neurons, inputs, outputs, etc.) and the

training algorithm used by the network to learn
from information received from the environment

(Fig. 9).

In a Control context, while linear and time

invariant systems can be controlled through con-

ventional means, the identification of non-linear

and time variant systems is more complex. This

problem can be addressed through the use of train-

ing criteria. This method can be completed through
training [23], which is the dynamic study of the

system to be controlled so as to learn its behavior

when faced with different situations.

The use of neural networks in control offers a

series of advantages that allow for [24]:

� Learning by experience, the formulation of beha-

vioral or analytical models not being necessary in

many applications. This fact is very important

when designs have to be done in very short time

spans or when the behavioral model for a system

in an industrial application is very difficult or
impossible to obtain.

� A capacity for approximating non-linear map-

pings that is better than other approaches (poly-

nomials, etc.).

� The availability of hardware optimized for use

with neural networks.

� A capacity to generalize with input series not

considered during training.
� A capacity to handle numerical and symbolic

data simultaneously.

� Applicability to MIMO systems.

5.2 Experiment description

This practical involves an experiment that will study

one of the control uses of Neural Networks (NN).

The specific objective is to use an NN to identify a

system, allowing us to obtain amodel for the system

even if a mathematical model is not available.

The diagram to be used in the experiment will be

as shown in Fig. 10.
The neural network learns the system dynamic,

meaning it is not necessary to present a system

model. The following elements are shown in the

diagram: the system and the Neural Network.

The student is free to choose the system to be

used, but it must satisfy the following requirements:

� The student must choose a second order or

greater system (G(s) ).
� Since we are going to interact with the system

through the computer, the system must be dis-

cretized (G(z) ). This is done by selecting a suitable

sampling period (T). One criterion is that T= 10*

time constants, which is the time taken by the

system to reach 63.3% of the final value for a step

input. If Matlab is used, since the student has the

advantage of having used it in previous courses
and laboratories, the c2dm command can be used

for the discretization.

� Once the discretized function (G(z) ) is obtained,

the student has to check if its behavior in simulat-

ing the system is correct.

� The training patterns consist of the system input

x(k) and corresponding output y(k) ({x(k), y(k)})

pairs. In order to obtain these training patterns,
the systemhas to be converted from the z domain,

G(z), to the time domain (Equation 1).

yðkÞ ¼ axðk� 1Þ þ bxðk� 2Þ þ . . .

þ cyðk� 1Þ þ dyðk� 2Þþ ð1Þ

With this equation the student is able to create the

necessary training vector so that a given set of inputs

will result in the corresponding outputs.

R. Aguilar et al.1380

Fig. 9. Diagram of a neural network.

Fig. 10. Diagram of the neural control experiment.



6. Results

The results of the process will be evaluated in two
areas:

� The grades obtained

� The students’ degree of satisfaction with the

method proposed.

6.1 The grades obtained

The course activities will be graded using aweighted

scale, as shown in Table 2.

The lectures are evaluated with questions and

practical exercises included objectively in a ques-

tionnaire. The project and presentation will be used
to evaluate the research work done, the teamwork

skills and the quality of the project presentation,

both from a formal standpoint as well as from the

oral defense of the project. During the practical

sessions the reviewing instructor will use a form to

subjectively assess the degree of compliance with

each skill. This assessment will then be used to

assign the numerical grade given to the student. In
general, the practicals will be graded according to

four criteria:

� A pre-simulation to be performed by the student

prior to the laboratory session.

� The hands-on sessions in the laboratory with the

real system.

� A personal interview with the student on the

conduct of the practicals that will provide more

insight into how to grade the student’s perfor-

mance.
� The student must also write a report that explains

the project clearly and in detail, as well as the

objectives accomplished, both in the simulation

and in the practical sessions conducted in the

laboratory.

These four sources will yield a broad and diverse

evaluation of the learning process and allow for an

assessment of the extent to which each of the areas

covered in the course were learned, the goal being to

find a process that is consistent with the work style

implemented (course objectives, importance given

to context, method used, etc.).

It is still too early to publish reliable statistics on
how the experiments enhanced learning, but the

good grades achieved by the 69 students enrolled

in the last two years versus those obtained in

previous years (without the experiments) seem to

indicate a clear improvement in this area (Table 3).

6.2 Students’ degree of satisfaction with the method

proposed

It is important to know the students’ opinions in

order to carry out the process of evaluating the

laboratory practicals [25– 26].

To gather the students’ opinions a survey was

created for the students to fill out and send electro-

nically to the professor. The survey contained

several questions on the practicals, grouped accord-

ing to different characteristics:

� C1:Reflects the opinion of the students regarding

whether the laboratory practicals allowed them
to learn the relevant course contents and acquire

the skills and abilities related to the course.

� C2: Reflects the extent to which the students

considered the laboratory practicals useful in

comparison with other materials in gaining the

necessary skills and abilities.

� C3: Shows the students’ opinions regarding the

proper operation of the laboratory and the tech-
nical knowledge required for its use and that of

the associated tools.

The survey was taken by 69 students. Table 4 shows
the percentages for each of the category surveys.

7. Conclusions

The objective of this paper was to present the

laboratory practicals used to provide hands-on

experience with the techniques taught in the Intelli-

gent Control course. Said course teaches students

the theoretical and practical aspects involved in the

design of Intelligent Control Systems by integrating
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Table 4. Survey percentages for each question

% Agree % Neutral % Disagree % N/A

C1 94 6 0 0
C2 91 9 0 0
C3 100 0 0 0

Table 2.Weight of each course activity

Activity Percentage

Lectures 20%
Project and presentation 15%
Experiment 1 20%
Experiment 2 30%
Experiment 3 15%

Table 3. Grades obtained by the students

A B C D F

Grades with laboratory practicals (2 years, 69 students) 24 (35%) 29 (42%) 11 (16%) 3 (4%) 2 (3%)
Grades without laboratory practicals (3 years, 94 students) 9 (10%) 23 (24%) 43 (46%) 3 (3%) 16 (17%)



methods in Control Theory and Artificial Intelli-

gence, stressing as well the optimization of the

resulting systems.

To pass the course, the students, in addition to

attending lectures and making an oral presentation

on a practical case on Intelligent Control, have to
design an Expert Control System for an elevator

board, design and implement a Fuzzy Control

System for a system of interconnected tanks, and

design and implement a Neural Network to identify

a system. The processes involved in these practicals

were described in the corresponding sections.

Although these systems were used, the experi-

mental designs are independent and can be used to
control any other plant featuring real time or

uncertainty requirements, or for which a behavior

model of the system to be controlled is not available.

The good results obtained from a survey taken by

the students concerning the skills and abilities

gained from the experiments conducted, as well as

the grades obtained by the students, show the

advantages of being able to rely on said experiments
so that the students can experience in the laboratory

the theoretical aspects learned in the course.
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