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Remote Laboratories for Education and Research
Purposes in Automatic Control Systems
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L. Hernindez

AbntrocteeThin paper describes the experiences using remaole
laboratories Tor education and research in the lield of Contral
Engineering. The use ol remole laboraloriss [or educalion in
suhjects ol control i incressingly becoming a resorted method by
the universities in order to olTer a Hexible service in schedules with
greater and better aperation af available resurces. Meverthelss,
Tor ressarch aclivities, remole laboratories are nol widely used.
The aim ol this contribution is thereby W apply the ex perience ol
remule laboraloriss in research a pplications in o rder bo share come
plex equipments amung dillerent rescarchers. Some experiments
are carried oul o demuonstrate the elTectivenss of using remuole
labratories in resssrch experiments relaled o robalic system.
The results of the implementation of remole ecperimenta lions
o contral @ 3FD0OF parallel robol by wsing Distance Laboralory
Byslem (SLD) are expised. The performance of the syslem is
evaluated by the pamsibilities and Tunctionality of the proposed
remule laboratory platform.

Tnddex TermpeBemuole ex periment, remale laba rabo ries, parallel
robal, conbrol syslems research.

[ [NTRODUCTION

KXPERIMENTAL walidation represents a fundamental

component of education and research methodology in
engineering. However, their practical implementations present
numensus restrictions due to the cost of equipment, limitations
in spatial capacities, sacurity problems, time and maintenance.
The use of information technology offers new opporunities
in order 1o neduce these constraints. Remote laborstories can
provide remote acoess 1o experimeants and can allow leamers 1o
have aocess 1o experiments with less restrictions an time and
location, providing the necessary guidance and sssuring a safe
and sacune operation for both the squipment and staff in charge
[1].

For engineering distance education courses, remoie facilities
constitute as the only realistic method of performing many ex-
periments. [t must allow remoie acoess to students, no longer
consirained by time or geographical considerations, completa
laboratory assignments. Thus, it is fair to conclude that remaote
experimentation facilities enhance the development of skills in
the use of real systems and instrumentation [2]. A model for
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evaluating the effectivensss of remote engineering laboratories
and fior simulations in education are provided in [3]. The authors
concluded that students have learned laboratony content infor-
mation egqually well from both types of laboratories, hands-on
and remote labs, and that they have arealistic understanding and
appreciation of the practical advantages of remate laboraiories.

This paper is focused on the use of emote laboraiories for
education and ressarch purpose ansuring the security of real
aquipment. Considering the remote scosss 1o neal aquipment,
“Sistema de Laborsiorios a Distancia” (SLD) created by the
Depariment of Auvtomatic and Compuiational Systems of Uni-
versidad Central *Mara Abreu” de Las Yillas {UCLN) in onl-
laboration with the Universidad Politécnica de Madrid {UPM)
has heen used. The SLD is a distance laboraiory system tha
allows leaming and adjusting predefined controllers, designing
new controllers, testing and analyzing the performance of the
predefined/designed controllers over a set of physical devices
through the Intemet [4).

This paper is crganized as fiollows. Section I shows the most
relevant works developed for remote laboratories in Control En-
ginzering. Section [l describes the characteristios of SLD Weh
application. The characteristics of remote laboratories for ne-
search purpose are shown. Section IV shows the general opeara-
tion of SLD. Section V deseribes how access 1o remote aguip-
ment for experimentation. Some topics where SLD could be
usad ane presented. Section V1 is focused on the description of
the parallel robot used for the ressarch. Section VIl presanis the
resulis obiained using SLD on research. Section VIl explains
the experience and opinions wsing SLD. Finally, Section IX
summarizes the main resuls of this study.

[I. RELATED WORKS

There are numerous virual laboraiories and remode experi-
menis available in the literaiure [31-[12]. The ilab [ 13] &t hMass-
achusetts Institute of Technology, Cambridge, MA, the Lab-
Share [14] &t Cunin University, Ausiralia, and the Wehlab-
DEUSTO [15] at the University of Deusto, Spain, are impor-
tant remoie laboratories. In [16], the authors provide a litera-
ture review of modem remote laboratories. In [ 17], afier a brief
averview of state-of-the-an technologies in the development of
remoie laboratories and presentation of recent and interesting
examples of emote laborstories in several aneas related o in-
dustrial electronics education, some current trends and chal-
lenges are also identified and discussed. In addition, in [18], the
suthors identify possible evolutons for the next generation of
remaie |ahoraiories that are under a sirong cwrment of evolution.
Such labs would no longer be restricied io.a single topic, where
Automatics and Robotics are among the mosi frequently used
tonls.



