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Abstract— GILABVIR (Grup d’Interés en Laboratoris Virtuals I
Remots) is a recently created Virtual and Remote Laboratory
Group of Interest at the UPC (Universitat Politécnica de
Catalunya) and it is integrated in a more general teaching
innovation project: RIMA [1], [2]. RIMA has been developed to
promote research on the use of innovative learning methodologies
applied to engineering education and it was specially created to
assess in the new European higher education adaptation process.
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L INTRODUCTION

The GILABVIR Group is formed by high education faculty
members who are involved within different laboratory courses,
all of them characterized by th euse of real and sim ulated
experiments accessed t hrough the moodle b ased UPC di gital
campus platform (ATENEA). The experiments in the different
laboratory courses usually follow the next three steps sequence:
1.- T he st udent desi gns t he experi ment and ¢ onfigures t he
parameters o n-line, eith era t distance or inthe co  mputer
classroom. 2.- The experi ment is executed. 3.- The di fferent
results (num erical, graphical, im ages, e tc.) are displayed and
optionally recorde d at t he student com puter and are al  so
optionally recorded at the ATENEA server.

Up the date, there are nine laboratories in tegrated i n
GILABVIR a nd they are used in co urses corres ponding t o
curricula of: Electrical E ngineering, T elecommunications
Engineering, Computing En gineering, I ndustrial Engi neering
and Civil Engineering. Technical and didactic aspects of them
have been collected and classifi ed. The two main goals of this
group are to detect common needs of the technical solutions of
the di fferent] aboratories and  design new ed  ucational
methodologies t hat use vi rtual and remote 1 aboratory b ased
teaching activities.

The first goal is related to the implementation of a software
application to join all th e virtual and remote lab oratories the
UPC di gital cam pus ( moodle pl atform) and al low st udents
execute experim ents andt  eachers propose  monitor and
evaluate these experim ents, instead of spending al ot of time
developing access and activ ity management applications. A
dedicated soft ware tool (M oodle LAB) is being programmed
in order to ¢ ontrol and monitor the access and execution of an
experiment. With this option, professors can enable or disable
the access to e ach experiment offere d in ea ch course a nd can
also obtain information, individually for each student, about the
timing, th e con figuration parameters o r t he ob tained results.

The group is supported by the ICE (Institut de Ciencies de I'Educacid)
UPC including a financial aid from the 2009 - Educational Projects Budget.
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These data are used to evaluate the students. For m ost of t he
virtual and r emote | aboratory based 1 earning act ivities,
professors can obtain automatically a li st of num erical results
and records.

The seco nd goal aim s t 0 im prove t he st udents 1 earning
outcomes, tak ing into account  the design of the learning
activities in th e co ntext o f'th e Eu ropean Higher Ed ucation
Area, E HEA, both i n specific kno wledge and es pecially in
generic skills.

Paper Outline—The rest of the paper, is organized in fiv e
sections. After an introductory section I, section Il is dedicated
todefi nevi rtuall aboratoriesandre motel aboratories,
emphasizing the differences and comparative features between
them when they are used for learning activities. The virtual and
remote GILABVIR laboratories are described. The design and
functionalities of the m  onitoring tool: Moodle L. AB are
described in s ection III. In section IV innovative teaching
methodologies based o n these 1 aboratories are present ed and
related to a g eneric sk ill list. Fin ally, th e co nclusions are
described in section V.

II.  VIRTUAL AND REMOTE LABORATORIES

The u niversity educat ion e nvironment i s becom ing m ore
diversified and interdisciplinary in the type of activities offered
to st udents. Virtualand remotel aboratories have  been
developed by combining exp erimentation, homework and use
of i nformation an d com munication t echnologies. In  this
context, w hen a st udent e xecutes an ex periment at di stance,
two di fferent modalities mustbe di stinguished: Vi rtual
Laboratories and Remote Laboratories.

A Vi rtual Laborat oryi sdefi nedasani nteractive
environment for designingandc  onducting sim ulated
experiments. The ex periment execut ion ¢ onsists in running a
program lo aded in arem ote se rver m achine. To start this
program the user accesses the server through a user interface. A
software monitoring platform starts the simulator program. The
program models som e real experiment behavi or, p roducing

output si gnals, gra phsan d/or dataw henaset o fi nput
parameters is configured by the user.
AR emote Laborat oryi sdefi nedas ani nteractive

environment d esigned to allow users t o re motely control real
laboratories. A monitoring platform is installed in aremo te
server machine. To start the experiment the user accesses the
monitoring application through a user interface and configures
an input parameter set. After the experiment, measured data or
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signals are o btained an d ret urned to th e user th rough the
monitoring application.

Asitcanbe deduced fr om previ ous defi nitions, vi rtual
laboratories an d rem ote lab oratories are ex tremely si milar in
the sequence of steps to follow  when a practice is executed.
Teaching methodologies base  d on these  two kinds  of
laboratories are also very similar.

SERVER -
HATIONAL -
ﬂusrmuvm‘ I
User Interface LabVIE ;
(moodle) — REMOTE LAB
@ Monitoring:Platforms :
< ATENEA

STUDENT

B

PROFESSOR

VIRTUAL LAB.

Figure 1. Remote laboratories and Virtual Laboratories are connected to the
server through a software platform: Java or Labwiew. Atenea is the user
interface (UPC Digital Campus).

Figure 1.s howsafu nctional di agrami ncludingt he
elements th at have am ainro le in th is en vironment. S ome
advantages an d di sadvantages when ¢ omparing virtual and
remote laboratories are displayed on table 1.

TABLE L. ADVANTAGES AND DISADVANTAGES
Advantages Virtual Remote
Experimentation with real signals NOY ES
Flexibility and configurability level | High Medium
System registers user activity YES YES

Number of u  sers sim ultaneously | Unlimited 1ju ser

running the experiment.

Disadvantages Virtual Remote
Workstation booking sy stemis | NOY ES
necessary.

Software updateisev  entually | YES YES

necessary

Expensive NOY ES

The G ILABVIR gr oup hasbeen fo rmedby faculty
members who use virtual or remote laboratoriesi nt heir
teaching courses. Nine different projects directly related to nine
different laboratories are currently grouped.

Virtual and remote laboratories that joined the GILABVIR
initiative are described in the following list.

The group is supported by the ICE (Institut de Ciéncies de 1'Educacio)
UPC including a financial aid from the 2009 - Educational Projects Budget.
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A. Remote and virtual laboratories for mechatronics and
enertronics students.

Different platforms have been designed to allow students to
access the m re motely or virtua 1ly to complement the local
laboratory ses sions. T he platforms are used in electrical
engineering courses related to automation, mechatronics, motor
control, re newable energy generation a nd p ower sy stems.
Students program and superv ise real sy stems as i fthey were
working with real in stallations. Th isis done b y u sing for
example st andard PLC (P rogrammable Logic C ontroller)
programming software provided by the PLC manufacturers.

Remote laboratories include: Automation and motor control
laboratory [ 5], Flexible manufacturing cell [ 6]. Power Quality
laboratory, m easurements of harm onics fo r di fferent 1 oads,
power sy stem 1 aboratory, protection, fa ult det ection and
restoration of electrical power systems.

Virtual lab oratories in clude: DC motor control lab oratory,
Hotel automation laboratory, Chemical process automation [7].

B. LAVICAD

The virtual laboratory of analog and digital communication
systems is a u seful tool to ve rify the perfo rmance of diff erent
communication sy stems an d si gnal proc essing t echniques,
topics t ypically i ntegrated in un dergraduated courses o f't he
curriculum of't elecommunications ¢  ngineering.  The
communication sy stems have been implemented and designed
as Java applets and are free available. They can be run at the e-
learning pl ~ atform: co mweb.upc.edu. The different
communication sy stems present di fferentl evels of user
interactivity and when students execute a system integrated in a
comweb course, the obtained results can be supervised by the
professor as  an evaluation and assessm ent tool. From a
pedagogical point of view, this laboratory has been c reated to
facilitate the learning of certain matters, acting as a ¢ onnection
between t he model of kn owledge based on co ncepts and
theories, and their practical understanding and experimentation.

C. Project: 62, an interactive tool to study discrete time
signals and systems.

62 is an interactive tool written in JAVA that al lows, first,
to define discrete time signals and sy stems, and t hen to work
with th em. Si gnals, syste ms an d operations are specified by
means of m enus or dialog wi ndows withoutt he need of
knowledge of any programming language. One of these menus
is devoted to specifying digital filters (FIR and IIR) both in the
frequency and in tim e do mains. The t ool includes a graphic
interface to show the sequences, their Fourier transform and the
characterization of lineal invariant sy stems (frequency
response, impulse response). The tool uses the A/D and D/A
converters of the PC sound card. Thereby, the tool can generate
and filter an alogue sig nalsinrealti me. 6 2isp arto fthe
experimental framework designed for the students o f discrete
time si gnals and sy stems to carry out their practical training.
This tool is freely available in [4].

D. iLabRS: Remote laboratory for Secondary Education.

iLabRS is built over a Modular platform to perform remote
experiments in sensors an d signal con ditioning. It usest wo
experiment boards, which t ogether with 3 addi tional boards
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allow doi ng currently 13  different p ractices. Thi s rem ote
Laboratory i s aim ed for S econdary E ducation st udents, t o
allow them to p erform o nline real ex periments, with remo te
access through Internet . The aimis triple: giving a tool to
increase th e e xperimentality in scien tific and tech nological
subjects, dem onstrating t he pot ential of the IC T's use and
establishing a bri dge between t he secon dary school and t he
university.

E. LEARN-SOL

LEARN-SQL isasy stem conf ormingto the IM S QTI
specification t hat allows on-line 1 earning a nd assessm ent o
students o n S QL an d ot her dat abase ski lls i n an aut omatic,
interactive, informative, scalable and extensible manner.

This tool facilitates the definition of virtual laboratories or
remote questionnaires that are used by students of sub jects to
learn design and use of relational databases in the UPC.

LEARN-SQL isato ol wh ose main g oalish elping in
learning the use and desi gn of relational databases in different
subjects of schools of the UPC. More, specific goals are to:

e  Provide the possibility to define virtual laboratories or
remote questionnaires to be s olved by the students at
class or at home.

e Facilitate th e p articipation of th e students in its self-
learning of database subjects.

e Provide students with valuable feedback, so that they
can learn from their mistakes.

e  Automatically evaluate the correctness of any SQL
statement (queries, updates, stored procedures, triggers
etc.) and ot her rel ational dat abases rel ated exerci ses
(Relational Algebra) with independence of the student
solution.

e  Help teachers define the questions or items in the
remote questionnaires as well as allow them to review
the solutions provided by the students.

e Adapt the subjects where it is used to the European
Higher Ed ucation Area (EH EA)andt o1i nnovative
education methodologies.

F. Circuit and Communications Systems Simulators
This virtual laboratory is still in construction.

The aim is to develop monitoring tools for homework based
onr unning softwaresim ulatorsorr emote laboratory
experiments. The m onitoring to ol will au tomatically se nd a
report to a moodle p latform. It willb e b ased in a Pyt hon
module with functions to write ascii text, formatted text, results
tables an d fig ures in th e rep ort to gether with th e an swer to
questions asked to the student.

This project is to be implemented in the following activities
of the UPC “European Master of Research on Information and
Communication Technologies™:

Course: “Antennas for Communications” and “ Waves and
Systems”. Activity: Modeling a WiFi system with intermediate
repeater, including modulations and RF.
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Course: “Electro  magnetics En  gineering”. Activ  ity:
Analysis if a tran smission line with impedance discontinuities
using many different numerical methods in frequency or time
domains. The resul ts of di fferent m ethods are co mpared i n
terms of accuracy and computational efficiency.

Course: “Desi gn an d A nalysis of R Fand M icrowave
Systems for Com munication”. Activity: Rem ote control of a
network anal yzer usi ng t he high-frequency circuit sim ulator
ADS.

G. Modular platform to perform remote experiments in
sensors and signal conditioning [8].

It is based on a custom acquisition board which includes a
Ethernet capable microprocessor, s o that every board has its
own IP address. The connection of multiple boards to a switch
allows th e acc ess to multiple ex periments and/or to multiple
replica of an experi ment. Every board gi ves power supply and
control signals to specific experiment boards that are connected
to the control board in a sand wich structure. The signals are 4
A/D channels (16 bits), 2 D/A channels (14 bits), 8 control bits
and a SPI bus. The experiment server runs specific applications
madei nLabVi ewt hatcont rolt he ex periments. Every
application generates a re mote panel that allows its use with a
web browser. The link with the re mote panel URL is placed
among the course materials in the digital campus Atenea. This
platform give s a certain degree of se curity, the user
authentication and a basic record ofth e u ser activ ity. Four
different ex periment boards have been de veloped up to now,
which allow performing 6 different laboratory activities around
the sensor characterization and t he set-up of conditioning and
acquisition circuits. The use of the remote laboratory is focused
as a co mplementary to ol to ad d flex ibility to th e lab oratory
courses, mainly with the semi-distance students

H. VirtuaLab: remote workbench for instrumentation and
sensors [9].

Remote 1 aboratory based ona webserverand a VXI
modular i nstrumentation sy stem connected to a ci rcuit bo ard
with experiments and to a weather station. The access is made
through a website (virtualab.upc.es) using a password. It only
admits a single sim ultaneous user, who ca n use the res ource
during 20 minutes. Seven di fferent laboratory activities can be
carried out, from s ystem id entification an d co ntrol, sen sor
calibration and remote control of instrumentation. In operation
from 2003, the user interface was designed with the criterion of
minimizing t he dat a exc hange and ens uringt he sy stem
robustness. B ecause of thi s, the control applications  in
LabView that control the experiments are running in the server
and they just exchange para meters an d resu Its with the user
dialogues in the web pages.

1. rWLaB-Remote WavelLab

The goal o fthis laboratory is t o convert an expe rimental
setup (wave channel) into a platform for teaching, research and
dissemination of knowledge using all the advantages offered by
today's informationt echnologies. Th us, we pr oposet he
creation of a k nowledge portal based on ex perimentation with
small-scale p hysical models with in th e field o fMariti me
Engineering. The p urpose of th is p ortal will s erveasth e
container of t hose remote and virtual laboratories that can be
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developed from th is initiative. It is en visaged to provide the
necessary co ntent to th e p ortal in o rder to , eith er th rough
simulation, experi mentation or st udy,achi eve varying
knowledge levels of methods and technologies employed in the
experimental scale.

III. CONNECTING GILABVIR PROJECTS TO MOODLE.

One of the main technical aims of the GILABVIR group is
the connection o f all th e projects to the UPC d igital campus.
The UPC digital campus is a based m oodle platform and it is
called Atenea. In [3] some guidelines are proposed in order to
connect vi rtual and rem ote | aboratories t o an educat ional
platform.

Moodle LAB is the application designed to connect all the
at d istance lab oratories to the UPC digital ca mpus. It is
integrated by the connection module JLab and by the booking
module.

A. Moodle Connection Module

The co nnection fu nctionality a llowsth ed ifferent at
distance offere d ex periments can be run from a M oodle site.
When an o n-line experi ment i s i nvoked t hrough t he m oodle
platform there are so meta sksth atare identifiedto be
performed i n orde rt 0 com municate the vi rtual and re mote
laboratories with the Moodle database to store practice resu lts
and then allow teachers view them.

The application that has been implemented is a new module
for Moodle called JLab. JLab :

1. Centralize the management of the simulators that can be
used in practices.

2. Allo w lab oratories to sendtheresults to the serverin
order to be stored in the Moodle database.

3. Enable teachers to see the results of the practices from
the portal and download them in Excel format.

The u ser en ters in to th e m ain po rtal u sing an y br owser.
Then the user enters in a JLab practice of any of his courses.

Onlastpage of'this pape r figure 3 sh ows t he m odule
operation process from the applet request to the results display.
This i s a co mmunication prot ocol f or a vi rtual ja va based
laboratory, but t he st rategy is dupl icated for any vi rtual or
remote 1 ab, us ing Java o r L abview as so ftware m onitoring
platforms.

1. The user enters in the main portal using any browser. Then
the user enters in a JLab practice of any of his courses.

2. It shows the simulator applet using javascript embedded in
view.php.

3. View.php obtains the id of the user connected, the id of the
practice sele cted and a  parameter that indicates  if'it is
necessary to send the results to the server.

4. Applet is loaded.

Each stage of t he appl et, up on com pletion, generat es an
xml with the results.

1406

6. This XML is sentto the serv er, th e co mbeans.php file
parses data and inserts them in the table mdl jlab results.

7. JLab also implements the report.php file which will sh ow
all users results of each practice.

Figure 2.s hows the system  architecture for at distance

laboratories.

/ UPC Server N\

Moodle 1.9 Portal

Administrator

Teachers

Activity module JLab

Simulator

Server

Students

Figure 2. JLab — System Arquitecture.

Jlab module has been curre ntly fi nished anditis being
tested with a v irtual lab oratory (I.LB) an d with arem ote
laboratory (I1.D). 1Itis ex pected to connect all GILABVIR
laboratories to Atenea campus on June 2010.

B. Moodle Booking Module

If the experiment is performed in a rem ote laboratory and
the number of local workplaces is limited, a booking planning
strategy becom es necessary. A dedi cated m oodle moduleis
being designed to allow booking functionality and Jlab module
coordinately wor k. The b ooking st rategy defi ned for ours
laboratories integrate:

e  Students and teachers can book a  workplace session
some days in advance.

e A booked session can be modified or canceled

e The occu pation t ime per sessi on is confi gured by a
laboratory administrator

e Thededi catedm oodleappl icationassi gnst he
workplaces to the booked sessions.

e A workplace inactivity detec tor releases the inactive
workplaces and these are auto matically available for
other booked sessions.

e Teachers can supervise if a booked session i s occupied
by its owner.

e Laboratory res ponsible and teachers can periodically
check the statistical books and the statistical use of the
workplaces in the laboratory.

The Moodle booking module is currently being tested with
a remote laboratory (I.D).
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IV. ACADEMIC USE OF VIRTUAL AND REMOTE
LABORATORIES

One of the main goals of the interest group is to share and
improve the acade mic activities related with the use of virtual
and rem ote | aboratories. Tw o di fferent as pects have be en
identified: the insertion strategies (how to use the virtual and
remote labs within our subjects) and the learning methodology
(what to do, evaluation, incidence in specific and generic skills,

)

After a survey within the group members, we can conclude
that the virtual and remote labs are used both in classroo m and
remote activities. In add ition to its rem ote use by the students,
almost all labs are also used as demonstrators in classroom to
support the teacher explanation and a half of them in laboratory
sessions to en hance th e in -situ act ivities. Whileone o fthe
laboratories is used as an add itional and ind ependent activ ity
and another as a substitutive of current laboratory activities, all
others are use d as co mplementary act ivities. Concerning t he
assessment, one half of the subjects including virtual or remote
laboratories use them as voluntary issues while the other half
specifies a given perce ntage of t he mark. To pe rformt he
assessment, two of the i nvolved s ubjects perform ed an
automatic harvest ing of res ults, at hird one per formed an
automatic eval uation of t he wor k an d t he rem aining fi ve
performed a classical off-line gathering of reports.

Concerning the learning o utcomes, the virtual and rem ote
laboratories sh ould co ntribute to im proveth esp ecific
knowledge of the topics included in the respective subjects, but
also to boost  several generi c skills. A mong the m andatory
skills defined by our University, the survey has shown that the
use of virtual and remote laboratories can contribute to acquire
the following skills: self-learning (8), effective use of learning
resources (4), team work (3), innovation and entrepre neurship
(1)a nd use ofaforeign language (1). Additionally, the
different schoo Iscan d efineo therg enericsk illslik e
“experimental behavi or an d i nstrumentation knowledge” or
“engineering problems i dentification, modeling, form ulation
and s olving”. Most of t hem are also ident ified as targets of
virtual and remote labs.

Several virtual and rem ote laboratories ha ve born with a
higher stress in their technical aspects than in their didactical
aspects. An outcome of the Interest Group activity has been the
recommendationo fpl anningt hevi rtualandrem  ote
laboratories as standard acade mic activities . That is, with a
lifecycle that starts at the subject goals, defines a given learning
activity, includes a d eliverable that can be a ssessed and closes
the cycle with an evaluation of't he 1 aboratory perf ormance
based on indicators. The 1earning activity should incorporate a
form which, in addition to the technical content of the activity,
gives 1 nformation of al 1t hat aspect st o the st udents. Thi s
includes the objectives and assessment criteria of t he ge neric
skills to be handled. As an example, table II describes the goals
at three depth levels of the generic skill “engineering problems
identification, modeling, formulation and solving”. Each row
in the table represents a different virtual or remote laboratory
based activity that can be proposed to acquire the skill. Levels
1 and 2 are suitable for first and second years of an engineering
degree and level 3 is proposed for third and fourth years. Goals
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at level 3 usually also serve to acquire more generic skills, as
fori nstance “C ooperative Learni ng” and “Aut onomous
Learning”.

V.  CONCLUSIONS

The main aims of the GILAB VIR group can be di vided in
two | ines. As aresul tof detecting com mon needs of t he
technical so lutions of th e different labo ratories, first lin e is
related to the implementation of a so ftware application to join
all the virtual and remote laboratories the UPC d igital campus
Ateneam oodle pl atform)and al low st udentse xecute
experiments and teachers propose monitor and evaluate these
experiments. The second main line is relate d to the design of
new educat ional methodologies t hat use vi rtual and rem ote
laboratory bas ed teaching a ctivities to improve the students
learning o utcomes bot h i n specific kno wledge an d generic
skills.

Concerning t hel earning effectiveness of we b base d
experiments, in [ 10] a st udy is presented where their authors
conclude that 1 earning perf ormance using dy namic media is
significantly hi gher t han t hose of t he st atic t extbook 1 esson,
especially if the dynamic media can supp ort 1 earning w hen
cognitivelo adan dlearn ers' mentalrep resentations.
Furthermore, based on o ur expe rience, we can assur et he
learning effect iveness of dynamic resources doesn ’t depe nds
on if they are o ffered by internet or in a labo ratory classroom,
but it is highly correlated with the teacher ability to choos e the
appropriate experim ents to be made to work each subjec t or
sequence of subjects in the program.
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Table II: goals of the activities that should develop the generic skill “engineering problems identification, modeling, formulation and solving”

Figure 3. JLab — Module to communicate Moodle with simulators: Functional Diagram.

Goals
Virtual and remote Level 1 Level 2 Level 3
laboratory uses To perform a guided To perform an open Design and

activity assessment of a

complex system

solution activity which
includes a partial system or
sub-system design

As a complementary
activity of a
theoretical exercise

To solve a guided
theoretical exercise with
the aid of a virtual or
remote lab as a
verification tool. Their
configuration parameters
are given by the exercise
statement
Use of the virtual or
remote lab to help
knowing the
instrumentation,
preparing a given in-situ
practice or confirming
their results
To perform a guided

To solve a non-guided
theoretical exercise and to
verify it with the aid of the
lab. The lab configuration

parameters are given by
the exercise solution

Design of a new
subsystem that
becomes necessary to
solve a given,
complex problem

Use of the virtual or
remote lab to perform non-
guided activities that
reinforce the in-situ lab
activities and help
analyzing their results

As a complementary
activity of a
laboratory practice

Design of a system or
sub-system with the
help of a virtual or
remote laboratory.
Validation in the in-
situ lab.

As an independent, To interacting with a Design of a new

remote activity (e.g. | activity using a virtual or virtual or remote building block for a
remote access to a remote laboratory as a laboratory with virtual or remote
singular resource) demonstrator modification of parameters laboratory
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