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Abstract—This paper describes teaching equipment for instruc- for teaching purposes, has also been developed; it allows
tion in motor control developed in the Electronics Department of the following functions to be carried out with a PC using
the University of Alcala. This project (called Project DEDALO)* Windows: selecting the type of motor to try out; setting up

involved the development of complete electronic equipment for the diff ¢ trol thods: fi ds:
studying and carrying out experiments on the control of stepper, € different control methods, generating commands, on-screen

medium, and |OW_power dc and brushless motors. The use of dISplay of the control SyStem block diagl’ams, with information
a personal computer as user interface (for the setting up of on the function and most important characteristics of the

different types of motors and controls, display of the control devices forming each block; visualization of the signals of

structures, signal display, generation of commands, etc.) makes greatest interest within each of the circuits used in the different
the equipment very easy to use and highly versatile.
control methods, etc.

Index Terms—Educational experiments, motor control.

|. INTRODUCTION Il. SYSTEM ARCHITECTURE

SING mechanical actuators based on electric motors is!he system (trainer) developed is shown in the general block

one of the most widely used options in industrial and cofliagram of Fig. 1. It will be seen that there are five modules or
sumer applications. This growing demand, together with tf@ards: one for interface, dgtq acquisition, and control (main
call for better performance in systems using electric motof2oard), and four other for driving each of the types of motor
explains why more and more electronic devices (controllef, be studied. _ _ .
drivers, etc.) are marketed, designed to facilitate and improve féature common to all the boards is the incorporation
the control of electric motors. Moreover, great advances ha%k Several trial points for visualizing on an oscilloscope or
been made in the field of electric motors, bringing aboGemputer screen the most important values appearing in the
a significant improvement in the performance and range gost significant points of the circuits making up the control
different types, models, etc. For any application many differefyStem. At the same time, the component layout allows the
alternatives are now available, in terms of hardware contr&Ser to identify the different devices that intervene in each
output or type of motor. control method. _ _

Inevitably, the curricula of all teaching centers dealing with 1he functions assigned to each of these boards is described

such matters have always included instruction on methoBglow.
and devices for the control and driving of motors, both from
the theoretical and practical points of view. The teaching, Main Board: Interface, Data Acquisition, and Control
equipment described in this paper aims to make this task easie

N X . e . Erhe control board is the hub of the system, responsible for
offering in a single environment, the possibility of testin etting up, controlling, and supervising the system operation
different types of motors and different means of controllin%i1 9 up, 9 P g Y P ’

I accordance with the selection made from the PC. In greater
and/or driving each one.

. . ' tail its functions are as follows.
The equipment includes five hardware modules (boards), o ) )
one for each type of motor (four in all) and another one 1) Receiving from the PC in parallel port the setting and
for their control and driving and for the data acquisiion  Control commands for the type of motor selected by the

and PC interface. Easy-to-use software, specially designed USer- . ,
2) Sending to the PC information on the status of the

Manuscript received July 18, 1996; revised February 6, 1998. Earlier equipment and the existence of any abnorma“ty-
studies and the application of motor controllers have been carried out3) Sending to the PC the real-time captured samples of
within the Research Program TAP94-0656-C03-01, financed by the QGomisi” the various signals from the driving board in use. The
Interministerial de Ciencia y Tecnol@ (Inter-Ministry Commission on . . .
Science and Technology-CICYT), a Spanish State organization. Spftware executed in the '_DC will thereafter automatically
The authors are with the Departamento de Etstta, Universidad de display them as appropriate.
Alcala, Campus Universitario, s/n. 28871. Algalé Henares (Madrid), Spain. 4) Generating from a single 24-V power source the differ-
Publisher Item Identifier S 0018-9359(98)03413-X. .
| , , L ent voltages necessary for the motor driver boards.
DEDALO is the Spanish acronym for Desarrollo de Equiposédtitos . . .
de Asistencia en Laboratorio (Development of Teaching Equipment for 5) Generating manual control commands, using an optlcal
Laboratory Assistance). encoder.
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Fig. 2. Block diagram of the main board.

6) Sending each of the motor driver boards the signals ™
need to work properly: operation-mode signals, actua
signals, and, depending on the type of board, comn
signal (open-loop control), phases, clock (step-by-st
etc.

Fig. 2 shows a diagram of the functional blocks of this ba

and Fig. 3 shows a photograph of the same.

The most important devices of the board include a mi
controller, two ASIC’s for motor control, two FPGA's [1
containing all the logic necessary for data acquisition
setting up of the system. To this must be added the circi
necessary for converting the digital codes into signals suit
for acting on the connected interface board.

The control board of the DEDALO system has a tv
way interchange of data and commands with the PC thrc
the parallel port. This guarantees a high rate of informa
interchange and also allows supplementary lines to be used g%(
the control of data links. Data interchange is effected using

frames up to 256 bytes long, with a final frame checking. . .
Three one-way transfer control lines are also used: two frd@!Ways done at the highest rate possible, regardless of the PC

the PC to the control board and one from the control boafj Microcontroller. The board allows selection of the control
to the PC. The information is transmitted byte by byte unt"ode, of the circuit used, of the type of actuation signal, and
each frame is completed, following a suitable protocol in tHf the origin of the command.

control lines. The transfer is asynchronous, the rate of transfe/An open- or closed-loop control may be chosen.

being limited by the slowest processor of them (similar to the 1) Open-loop control:In this mode the commands are
IEEE488 interface); this feature means that the communication generated by a digital potentiometer on the board or by

3. Photograph of the main board.
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commands sent from the PC. In open-loop control no in ten intermediate positions or microsteps. To obtain
additional action is necessary by the board. a more or less even separation between microsteps,
2) Closed-loop controlIn this case the command comes the currents through the windinds, and Iz have
from the PC. Three different alternatives may be chosen: to follow the sequences:
a) By means of controller LM628 [2]: This is a 32- 90 90
bit controller manufactured by the firm National I4=sin <_> Ig = cos <—> (3)
Semiconductor, although the final actuation signal is S S
a code of 8 or 12 bits. The digital contrpl algorithm “s” being the total number of microsteps and”
is that of a PID expressed by the following formula: the present microstefl < n < s).
n Once the controller has been chosen different actuation
u(n) = K, xe(n) + K; Z e(n) signals may be selected, depending on the motor driving board
N=0 connected.
+ Kyle(n') — e(n' = 1)] (1) The available actuation signals are: analog voltage (unipolar

b)

c)

or bipolar), PWM plus sign signal and PWM without sign
where u(n) is the regulator outpute(n) its in-  signal (motor stopped at 50% working cycle; at more than
put, n is the present sample, taken at intervalggo it turns in one direction, and at less than 50% in the
of 2048/fc10ck (fclock being =8 MHz, i.e., the Opposite direction)_
frequency of the general clock of the integrated These signals are generated as follows:

circuit), e(n’) is the sample for the calculation of 1y Actyation by analog signals D/A converter converts
the derivative term of the PID (taken at intervals e gigital code provided by any of the three controllers
of whole multiples ofn) and K, K;, and K, are into bipolar configuration.

the proportional, integral, and derivative constants, 5y actyation by PWM signal without sign signa: counter
respectively. The modifiable digital control parame- and a comparator convert the digital code provided by
ters are the PID constants and the sample interval for any of the three controllers.

the derivative term, prog_rgmmable frar048/ feiock 3) Actuation by PWM signal plus sigrirectly from the

to 256 * 2048/ f.10cx. POSItion or speed controls can output provided by the HCTL1100 controller.

also be carried out. ) . The “data acquisition” block transmits to the PC, through
By means of controller HCTL1100 [3]: This the parallel port, the signal samples related to the control of
cqntroller, _manufactured t.’y Hewlett-Packard, Workfhe motors (command, applied signal, etc.) and to the status
with less internal rgsolupon than the LM62_8’ bUtand progress of same (rate, position, consumption, errors).
offers more altematives in terms of f:ontr_ollmg the As regards control signals, it provides the desired rate value
d'ﬁere”F types of motors. The actuation S|gnallma or position value) as well as the voltage or working cycle
be obtalngd as §d|g|tal code and.at the same time ue, as appropriate, of the actuation signal.

a PWM signal with module and sign. Phases can t.)eAs for the actual status of the connected motor, the speed
generated by an encoder.,.for brushless and stepp position) is captured, and in the case of a brushless motor, a
motors. Speed and position can be controlled bample is taken of the current running through the windings. In

a discrete transfer function, with three adJUStablf’ﬁe case of stepping motors, activation phases are also given.
parameters calledi, B, and K, expressed by the

formula

A B. Driving Board for Medium-Power DC Motors
K<z — )

Fig. 4 shows the block diagram of this board and Fig. 5 a
7 B\ (@) photograph of same.
4<Z + 256) This model is for controlling 24 V dc motors up to 50 A.

The driving circuit consists of an H bridge formed by four
It also offers the possibility of modifying the sam-n-channel MOS transistors; this allows for a four-quadrant
pling period. The commands are codified in 8, 16, aontrol using a single power source [4], [5]. The bridge is
24 bits, depending on the type of control being usedontrolled by a PWM signal from the adjusters of the main
By means of control algorithms executed by the mpoard.
crocontroller: To give the system greater flexibility, The switching strategy of the H bridge is bipolar, i.e.,
there is also the possibility of carrying out controthe transistors of the H bridge are excited by crossed pairs
algorithms without resorting to any circuit for thatdccording to the PWM signal. When the working cycle of the
specific purpose: the microcontroller itself execute8WM signal is 50% the motor will be stopped. It is turned in
them. one direction or the other by making the working cycle more
One of them is the microstep control for steppin@’ less than 50%.

motors. In this case, the microcontroller generates The most important features of this module are:
both the voltage references and the phase signalsl) Four quadrant control of motor with a single power
The codes it generates subdivide each complete step source andh-channel MOS transistors.

D(z) = 256
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Fig. 4. Block diagram of the driving board for medium-power dc motors.

C. Driving Board for Low-Power DC Motors

This board (Figs. 6 and 7) enables trials to be carried out
on 24-V dc motors up to 2 A, using the commands sent from
the main board.

Three different motor-driving or -control modules have been
developed.

1) Linear control of current or voltage. This involves two

operational output amplifiers, set up as a linear bridge
so that four-quadrant control can be maintained with a
single power source (AAOO unipolar power source)

2) Current servocontrol. This involves an integrated circuit
L292 [6] which includes the motor driving bridge and
primary current feedback stage. It also incorporates a
voltage-internal PWM converter, as the control signal is
bipolar analogical (positive for one turning direction and
negative for the opposite).

3) Control by means ofn-channel MOSFET transistor
bridge with various driving modes, namely:

a) PWM for bipolar excitation of bridge. If the working
cycle is 50% the motor is stopped; if it is less than
50% the motor turns in one direction, and if greater,
in the opposite direction.

b) PWM for unipolar excitation of the bridge plus a
sign signal to indicate the turning direction of the

Fig. 5. Photograph of the driving board for medium-power dc motors.

2) Power supplied to bridge after establishing control sig-
nals.

3) Excitation of MOS transistors by ASIC's; this prevents
the simultaneous excitation of two transistors on the
same side of the bridge.

4) The use of nonaudible driving frequencies.

5) Protection against power drops or failure in any bridge motlor.' ) . . )
transistor. ¢) Excitation with an analogical unipolar signal (con-

6) Monitoring of motor current by a Hall-effect sensor. verted in the same circuit to PWM to excite the

7) Overcurrent protection. The motor current can also be bridge) plus a sign signal to indicate the turning
manually adjusted to the desired value. If a momentary direction of the motor.

overcurrent is detected the bridge is blocked and normalAll these driving methods are based on two single integrated

working of the motor is immediately restored when thé&ircuits.

overcurrent has passed. Only if the abnormality persistsRegardless of the working mode used, the board allows the

for a pre-established time will the main board shupllowing:

down the circuit. A LED lights up to show these fault 1) Self-setting up for each mode of operation, according to

situations. the signals received to this effect from the main board.
8) Possibility of setting a speed or position control of the 2) Use of command signals received from the main board,

motor, as chosen on the main board, by a feedback which allows in all cases a control of the speed or

coming from encoders located in the motor shatft. position of the motor.

Authorized licensed use limited to: Univ de Alcala. Downloaded on May 8, 2009 at 05:14 from |IEEE Xplore. Restrictions apply.



150 IEEE TRANSACTIONS ON EDUCATION, VOL. 41, NO. 2, MAY 1998

— Lovw pﬁwur.I]-I'.'-
| Low power DC, volfage finear

[ UEER HCTLA 100 |

b 7

 [CoMMAND, B [, " p—
| ) $ CO . I Ens ] 1
i ! o —"""1 MOTOH
i L0 !l_ f-nln!rtl—_l

| Save Confipuralion
I EMCODER
E e — ¢ w— -
i

Fig. 6. Block diagram of the driving board for low-power dc motors.

the signals from the main board into signals strong enough to
drive the motor.
Its architecture is based on two subsystems [7], [8].

1) Phase signal choppérd, B, C, and D) which allows
adjusting of the current running through the windings.
A comparison between the voltages proportional to the
current running through the windings and a reference
voltage (two in the case of a microstep) fixed by the
user tunes the phase chopper in to the rhythm imposed
by an oscillator (also adjustable by the user).

Two H bridges, one for each winding, incorporated into
the same integrated circuit next to the free circulation
diodes.

2)

The allowed operating modes are those of a bipolar stepping
motor.

1) Full (or single) step with the two windings excited.
2) Full (or single) step with one winding excited.

3) Half step.

3) A potentiometer, located in the same board, can also be4) Microstep.

used to generate the driving command (thereby aHOWingThe first three modes can be executed by means of two
trials to be carried out eliminating the need of having th

§ifferent techniques:
main board available). In this case, obviously, only an a

open-loop control is possible.
An additional connector has also been included so that
the board can be used together with other user-specific

Fig. 7.

Photograph of the driving board for low-power dc motors.

1) Receiving three signals from the microcontroller of
the main board: clock, turning direction, and working

4)
mode. A transfer circuit then generates as appropriate

hardware, always providing that the levels and demands

of the signals in question are respected, in accordance

with two possibilities:

a) Using the adjuster outlets of the main board as motor
driver inputs designed or set up by the user.

b) Using the command signals (without passing through

2)

the phasesA, B,C, and D. Fig. 6 shows the block
diagram and Fig. 7 shows a photograph of a motor
working in half-step mode and based on the transfer
system incorporating the Cl L297.

Receiving the phase signals, B, C, and D) directly
from the main board. These signals in turn can be gen-

erated in the microcontroller 80C51 or in the controller
HCTL1100 (for which it has to receive the signals from
the motor encoder), as the user chooses.

the adjusters of the main board) as drivers for the
user’'s own adjuster. The output of this adjuster can
be connected into any of the board drivers.

The interest of the microstep mode lies in the possibility of
making the transition of the motor between two consecutive

The driving board developed (block diagram—Fig. 8; a phasteps more gradual, as well as being able to use intermediate
tograph—Fig. 9) allows bipolar, two-winding stepping motorpositions not possible with other modes (full step or half step).
to be controlled. Its basic function consists of transforminglthough one complete step has been split into ten divisions,

D. Driving Board for Stepper Motors
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Fig. 8. Block diagram of the driving board for stepper motors.

portant to include a brushless motor model in the equipment
developed.

The driving module for brushless motors, developed within
the DEDALO project, allows the driving of brushless mo-
tors of counter-electromotive force and trapezoidal current
and of sinusoidal counter-electromotive force and trapezoidal
current (it is planned to include control of motors of counter-
electromotive force and sinusoidal current in the future). Both
“wye” and “delta” connection of the windings (phases) is
possible. The driver has been designed for 24-V motors up
to 10 A

The following control modes may be used: control by
voltage (with analog command or PWM) or by current. This,
together with the possibility of choosing open-loop or closed-
loop control, means that a great variety of trials can be carried
Fig. 9. Photograph of the driving board for stepper motors. out to put these motors through their paces in the different

control modes, and that comparisons can be made with dc
s = 10 from (3), the microprocessor of the main board coulfnotors. By way of example, Fig. 10 shows the block diagram
be reprogrammed for any other microstep setup. corresponding to control by current. Fig. 11 shows a real-life

Of the different systems available for microstep modeersion of this board.
working, the one incorporated is that which varies the ref- It should be observed that in all cases the signals indicating
erence voltages of the phase-chopping system, by sinusoidt® position of armature relative to the field coils can be
approximation. In this case, two voltages are needed, separfitained by Hall sensors or by the regulator. In the last case,
and 90° phase-shifted, which the main board sends codifié@e regulator itself monitors the encoder inputs and generates
in 6 bits. Subsequent electronic processing is carried out #1¢ appropriate sequences accordingly.
this driving board. Adjustment potentiometers, also included, allow the follow-

The board also incorporates a LED that, when out, indicaté options: fixing the maximum current running through the
the motor is working properly; if the motor is not workingmotor (which can be up to 10 A), selecting the amplitude of
properly the LED lights up or flashes (both windings or onl$he command signals, and generating the command signal for

one are not conducting current). open-loop control.
The system’s features also include current limiters, pro-
E. Driving Board for Brushless Motors tection against overheating and voltage drops, fault detector

. and indicator, as well as inputs for qualification, braking, and
Brushless motors [9], [10] have important advantages OVEL o cti : as inp q 9
. . -2~ = 'selection of turning direction.
dc motors in terms of the torque/speed ratio, heat dissipation,
lack of brush location problems, radio-frequency interferences,
lack of electric arcs, etc. They are therefore being used ever IIl. SOFTWARE INTERFACE
more widely in industrial applications of robotics, numerical The motor-control hardware described above is comple-

control, machine tools, etc. It was therefore considered imented by a software interface that allows the user to become
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Fig. 10. Block diagram of control by current of brushless motors.

A. Setting Up of Operating Modes

Whenever work is started with the software it is necessary
to set up the system operating mode for the type of control
desired. The system can be re-set up at any moment, although
work can be carried out only on the motor connected to the
driving board at that moment, automatically detected by the
system.

Depending on the motor chosen, different operating modes
are offered. For each mode on the setup screen, a block
diagram appears with the possible setups. This block diagram
has two objectives: first, that the user has an overall vision of
how the control is selected, and secondly, that the control loop
itself can be set up with the greatest ease and precision.

Fig. 13 shows one of these screens. Providing that the
working mode permits it, the setup allows the following:

Fig. 11. Photograph of the driving board for brushless motors. 1) selection of the type of command,

. . . . 2) selection of regulator or controller,
completely familiar with the equipment, also giving a general 3) selection of encoder.

idea of its operation and possibilities. This interface allows the
user to set up the motor driving stages, generate comman(gjI
visualize test signals, etc.

In the window that appears during the setting up of the

frerent modes, blocks are also shown that cannot be set up.
. ) . Nonetheless, if an attempt is made to access them, a more
The software is written inC++ for WINDOWS (3.1 detailed diagram appears of the structure of the blocks. The

Srséitfﬁ;r:/;rs'ogc)kgﬂg' (iEﬂchIL’ dit:erte;]k;yooggznégf Sr?o:;E;aC?x)erﬁser is thereby given a better idea of the control of the main
yp 9 9 P g 'g/egrated circuits involved in that block, as shown in Fig. 14.

three languages: Spanish, English, and French) completlg\
adapted to the latest trends (see Fig. 12 showing the Main
Menu). B. Command Generator

The working mode has been designed so that the user iFhis system allows the user to create a command (of
obliged from the start to create a “work session.” Each “wongosition or speed) and then see the response of the system.
session” brings together a group of files that store the following For speed commands the system incorporates a graphical
information: commands generated, responses obtained freditor, as shown in Fig. 15. It works along much the same
the motors, error measurements, different board setups, dittes as a function generator. It is possible to work either
Each time a “work session” is activated, the user can wovkith predefined signals (triangular, square, sinusoidal) or with
with the aforementioned data. Some of the most frequentlignals defined by the user (trapezoidal).
used files making up a “work session,” such as the motorAfter carrying out a trial with the command defined by the
setup ones, can be imported from former sessions, theralser, and once the data acquisition is complete, the PC screen
eliminating the need to generate them anew. shows the response of the control system.
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Fig. 13. Example of setup screen of interface software.

C. Signal Visualization and of the different control modes that the motors respond

As already mentioned in the descriptions of the boaro‘é’,' Theoret_ical aspects are als_o included, to_ facilitate_ an
there are several trial points. A block diagram shows all tderstanding of the control being used. Also included is a
trial points, emphasising those directly visualizable on the Petorial that allows the user to work the system directly, using
screen. When one is selected, the subsequent acquisition shdi% the software and without having to connect any board to
these signals on screen, without having to use an oscilloscof PC- Fig. 17 shows the help screen.

Fig. 16 shows an example of a trial points screen.

E. Other Important Features

D. Help As well as the aforementioned options, the system includes
As in any WINDOWS application, a help option is includedother features to further improve its performance. These in-
This gives a precise description of the operation of the systaude the following.
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Fig. 14. Example of setup screen. More detailed structure of a block.

Fig. 16. Example of trial points screen of the interface software.
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Fig. 18. Result of the dc motor identification.
1) Signal analyzer:This allows all the signals to be ana- is thereby enabled to carry out more advanced studies
lyzed simply using tools like zoom and cursors (to make  on the control of motors and to obtain conclusions in a

absolute and relative measurements). simple way.

2) Alarm signals:These warn the user of possible faults or 4) Printing of results:All working signals can be registered

anomalies in the different modules or boards being used in the printer, which is set up for WINDOWS.
at any one time.

3) Data formatMATLAB/SIMULINK-compatibleA data IV. NOTES FORUSE IN INSTRUCTIONS
output format has been included, compatible with these The equipment is suitable for use at various teaching levels

calculation tools. This allows the two systems to bffinal year undergraduate students and bachellor and postgrad-
integrated (trainer and mathematical tool) and the useate courses), since the trials that users may carry out range
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Fig. 19. Typical responses of the DC motor control.

from very simple ones (studying the different control modes A typical session working with this equipment includes:
of different types of motors, the most important characteristics1) Motor identification in open loop. Fig. 18 shows the
of each type of motor, control concepts in the open and closed obtained results with a dc motor.
loop, control of position and speed, sensors used for the controp) Control mode simulation using specific tools such as
of motors, etc) to more complicated trials wherein the usermay  MATLAB or SIMULINK.
study in detail, for example, the performance of the different 3) Testing of different control solutions (P, PI, PID, zero-
types of control for each type of motor, transitory responses  pole filter, etc). The user can check the response of the
for different loads and different control parameters, the effect  closed-loop control system changing controller parame-
of sample time, establishing differences between analog and ters, sample time, etc. Fig. 19 shows typical responses
digital controls, a detailed study of hardware solutions (devices  of dc motors under test.
and circuits), design of and experimentation with different 4) Checking the waveform of electrical magnitudes in
control algorithms, the effect of the various control parameters, the motor (currents and voltages). Besides different
responses to different command signals (set points), etc. protection systems againts overcurrent and overvoltages
On every practice the pupil chooses the type of motor  can be observed. Fig. 20 shows the current through each
under test, selects the desired control options, and sets the step motor phase, when chopper system acts.
variables (electrical and mechanical) to monitor. The software
tool designed provides facilities for selecting the motor, control
mode, type of controller, origin and set point, as well as dataThe equipment developed within the DEDALO project has
acquisition during on-line control. been designed for carrying out detailed studies on stepping,

V. CONCLUSIONS
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Fig. 20. Current through each step motor phase, when chopper system acts.

dc (low and medium output), and brushless motors. Its most ACKNOWLEDGMENT
important feature is that different types of control can be tried 1,5 project has been developed as a result of the collabo-

out on each type of motor. Moreover, the guiding prinCiplgyion project between the French firm SerieElectronique and

throughout has been one of making it user-friendly, working Ejectronics Department of the University of Alzal
with a PC in Windows environment, to select and set up the

control modes and define the commands, and visualize the REFERENCES
evolution of the most important varliables intgrvenin_g in thg[l] The Programmable Logic Data BooKilinx, 1994.
control loop versus time. In short, this electronic equipment |$2% Specielll Purpose Linear Devit:eNIationaII Semiclgntéuctor, 1989.

; : : . ]3] Optoelectronics Designers Cataloblewlett-Packard, 1993
an |mp0rtapt tool in the teach!ng of motor control. Its dES|gr.'{4] M. Mazo, J. Urdia, F. J. Rodguez, J. L. lazaro, J. C. Gaia, E. Santiso,
has taken into account teaching aspects, ease of use, variety and P. Revenga, “Control de motores de CC de media potencia/l.
of motors, alternative control methods, and interfaces with the Aplicacion al guiado de una unidadawil 1/2,” Revista Espala de

. Electronica, Dec. 1993.
mathematical control tools. 5] M. Mazo, F. J. Rodriguez, J. Ui, J. L. lazaro, J. C. Gara, E.

; . . [
The equipment developed and put into practice has been santiso, and P. Revenga, “Control de motores de CC de media potencia.
used for carrying out laboratory trials on control system and éli)llctaplén a; QUI%% fe una unidadawil 2/2," Revista Espadla de
. . L . . ectrénica, Jan. :
servomotor items in the Escuela_Pehnlca de la Unl\/_er3|d_ad t[6] Intelligent Power ICs for Commercial, Industrial and Automotive Appli-
de Alcak de Henares (Polytechnic School of the University of = cations Harris Semiconductor, 1994.

Alcala de Henares). The following conclusions can be drawfy] World's Best Seller Stepping Motor MFBy SANYO DENKI CO., LTD.
Sanyo 1990.

from this experience: [8] Designers Guide to Power Products. Aplication Manu@GS-Thomson
The learning of many concepts of control and servomotors, Microelectronics, 1992.

which are difficult to understand in a classroom situation[®! ¥ Dote and S. Kinoshitaprushless Servomotors Fundamentals and

. . . . . ) Applications(Monographs in Electrical and Electronic Engineering no.

is made much easier. Experimentation with different control  23)" oxford, U.K.: Oxford Sci. Pub., 1994,

structures is made easier, to see how they perform in practi¢el T. J. E. Miller, Brushless Permanent-magnet and Reluctance Motor

and how they are affected by the different modifications that CD)Q}’C‘frd(MS”lfgrg‘)’(?;éns'éi'egﬂga' 1%”9‘14 Electronic Engineering no. 21).

can be introduced. Students are encouraged to devise their Qwin Users Manual Microsoft C/C+-+, 1993.

trials and examine the results. The time needed for carryifig! D.J. Kruglinski,Progrese con Visual'++. New York: McGraw-Hill,

out the trials is cut down, meaning either that trials can be

carried out in greater detail or new ones can be undertaken in

the same time. All this has brought about a noticeable increase

in the quality of teaching in this matter, a greater interest byanuel Mazo (M'98) received the Electronic Engineering degree in 1976,

students in learning and, in short, better performance of bdﬂlfi Telecomunications Engin‘fle;ing digree Ii“ 1952,' and the _Ph-Df- degf%e in
human and material resources. telecomunications in 1988, all from the Polytechnic University of Madrid,

Madrid, Spain.

Authorized licensed use limited to: Univ de Alcala. Downloaded on May 8, 2009 at 05:14 from |IEEE Xplore. Restrictions apply.



158 IEEE TRANSACTIONS ON EDUCATION, VOL. 41, NO. 2, MAY 1998

Currently, he is Professor in the Department of Electronics at the UniversiEglipe Espinosareceived the B.Sc. degree in electronic engineering and the
of Alcala. His areas of research are multisensor (ultrasonic, infrared, and aki-Sc. degree in telecomunication engineering from the E.T.S.1., Polytechnic
ficial vision) integration applied to mobile robots, man/machine cooperation Wniversity of Madrid, Madrid, Spain, in 1984 and 1991, respectively.
the field of technical aid for people with disabilities (wheelchairs for physically Since 1985, he has been a Lecturer in the Electronics Department of the
disabled people), and electronics control systems. University of Alcah de Henares. He is currently working towards the Ph.D.

degree. His main research interest is in system identification as well as in
optimal and adaptive control. He has authored papers in these areas.

Jesus Urdia received the Technical Engineering in electronics and the
Engineering of Telecommunications degrees from Polytechnical University
of Madrid, Madrid, Spain, in 1986 and 1992, respectively.

Since 1986, he has been a Teacher in the Electronics DepartmentRofGarcia received the Telecomunications Engineering degree in 1982, and
the University of Alcala, Spain. During this time he has colaborated ahe Ph.D. degree in telecomunications in 1992, both from the Polytechnic
several educational and research projects in the areas of electronic corithaiversity of Madrid, Madrid, Spain.
and electronic systems for mobile robots. Currently, he is Professor in the Department of Electronics at the University

of Alcala. His areas of research are multisensor (ultrasonic, infrared and
artificial vision) integration applied to mobile robots.

Fco Javier Rodriguez received the Technical Telecommunications Engi-

neering degree, in 1985, from the Polytechnic University of Madrid, the

Telecommunication Engineering degree also from the Polytechnic University

of Madrid, in 1990, and the Ph.D. degree in electronics engineering frofh Revengareceived the Electronic Engineering degree from the University
University of Alcala, Spain, in 1997. of Alcala de Henares, Spain in 1989.

He has worked in private electronic industry for two years, and, sinceHe is a Lecturer in the Electronics Department of the University of Alcala.
1986, has been a Professor in the Department of Electronic at the Universiig present research interest lie in the field of motor control, mobile robots,
of Alcala de Henares. His current work covers the areas of robotics, artificedd multisensor integration.
vision, neural nets, fuzzy logic controllers, and real-time processing.

J. J. Garcia received the Electronic Engineering degree from the Polytechniman Carlos Garda received the B.Sc. degree in electronic engineering in
University of Alcala de Henares, Spain, in 1992. 1987 and the M.Sc. degree in telecomunications engineering in 1992, both
He has been a Lecturer in the Electronics Departament of the Universityfadm the Polytechnic University of Madrid, Madrid, Spain.
Alcal since 1994. His present areas of interest are mobile robots, multisensohfter several years in the private electronics industry, he has been a Lecturer
integration, and digital control. in the Electronics Department of the University of Alcala since 1985. He is
currently working towards the Ph.D. degree. His areas of interest are mobile
robots, fuzzy logic controllers, and 3-D vision.

Jose L. Lazaroreceived the B.Sc. degree in electronic engineering in 1984
and the M.Sc. degree in telecomunications engineering in 1992, both from the
Polytechnic University of Madrid, Madrid, Spain.
He has been a Lecturer in the Electronics Department of the Universiy Bueno received the Technical Telecommunications Engineering degree
of Alcala since 1986. He is currently working towards the Ph.D. degree. Hiom Alcala de Henares University, Spain, in 1995.
areas of interest are mobile robots and infrared sensors. He is presently working on a research project about the guidance of mobile
robots by ultrasonics, and also working in motor electronic control projects.

E. Santiso received the B.Sc. degree in electronic engineering and the

M.Sc. degree in telecomunication engineering from the E.T.S.I., Polytechnic

University of Valencia, Valencia, Spain, in 1989 and 1996, respectively. R. Mateos (5'98) received the Technical Telecommunications Engineering
Since 1990, he has been a Lecturer in the Electronics Department of g@ree from University of Alcala de Henares, Spain, in 1993.

University of Alcak de Henares. He is currently working towards the Ph.D. His research interests include high-speed digital systems for high-

degree. His main research interest is in autonomous robots. perfomance real-time applications.

Authorized licensed use limited to: Univ de Alcala. Downloaded on May 8, 2009 at 05:14 from |IEEE Xplore. Restrictions apply.



