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Abstract—This communication describes the
interoperability platform that has been developed at the
Technical University of Catalonia (UPC) to integrate the
access to different virtual and remote laboratories. Up to
eleven laboratories that belong to the GilabViR group of
interest in virtual and remote laboratories in our University
have been analyzed to generate a set of specifications and
develop the architecture and the applications that would
allow its access through the university LMS system.
Although the current LMS platform (Atenea) is
implemented over Moodle 1.9, the new modules have been
developed using Moodle 2.2.1 given that the migration to
this version will be done in the next months.

The interoperability platform defines new Moodle modules
that allow the interconnection between the LMS system and
a set of laboratories and provide the intrinsic LMS features
(user identification, activity recording, educational
materials repository, ...). There are modules that allow the
interaction with a web service interface giving access to the
laboratory, with Java applet virtual laboratories and others
that make possible the link with LabView based remote
laboratories, all of them with recording of experiment
parameters in SQL databases placed in the experiment
servers.

Index Terms—Remote laboratory, Virtual laboratory,
Learning management system, Laboratory untegration,
Secondary education, Universitary education.

1. INTRODUCTION

In recent years, vocations have dropped dramatically in
Engineering in Europe. Universities, companies and
administrations have joined together in various initiatives
to increase the societal implication of engineering and,
specifically, to make the Engineering closer to young
people. The collaboration between Everis and UPC
through the schools ETSETB (Escola Técnica Superior
d'Enginyeria de Telecomunicaciéo de Barcelona) and FIB
(Facultat d'Informatica de Barcelona) was established
with the aim of promoting the Engineering in the
Information and Communications Technology sector
(ICT). Through a Spanish Industry Ministry project we
submitted a proposal to improve the accessibility to
University based laboratories and, among other goals,
allow the access of users from outside the University to
virtual and remote laboratories. A clear target is the high

schools science and technology area, but also the
professional training education and even the continuous
education.

Virtual and Remote Laboratories do not represent
anymore a novel methodology in higher education, given
its use as learning tools has been extended in many
technological Universities. Several published works
contain tutorials related to this topic [11[2] and their
teaching applications [3][4]1[5]. Most of University
Remote Laboratories for engineering are applied to
automation teaching [6][71[81[9] or to electronic circuits
teaching [10][11][12]. Some of Remote Laboratories
have been designed to improve accessibility to hard
powerful servers or work stations [13].

There are also some initiatives of remote laboratories
for secondary school teaching but their use is less
extended than University experiences in this field
[1417151. However, both students and teachers have
widespread access to the use of virtual and simulated
experiments. Most of them are based on Java applets or
Flash interactive online designs.

Several virtual and remote laboratories have been
developed at the Technical University of Catalonia (UPC)
to improve the versatility of its educational resources and
adapt them to new learning methodologies. Eleven of
these laboratories are put together in an interest group [16]
to share their common technological and educational
aspects. A project with public funding has been set-up,
together with the technological consulting firm Everis, to
define and build an interoperability platform which unifies
the access and management of the virtual and remote labs.

Primarily, this project aims to design and build an
advanced and efficient management system of the remote
educational resources available at the University which
should also allow its aperture to other areas. Therefore it is
essential that this model meets the following basic
requirements:

- Must be a versatile, modular and scalable platform, since
the teaching resources are diverse in nature and have been
and will be developed by different teams over different
platforms.

- Must be secure and robust; provide educational resource
booking management and record several parameters of the
activities to ease the assessment.

- Must be adapted to different types of users and
supplemented with educational materials
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Up the date, twelve virtual and remote laboratories have
been studied and classified. They are used in courses
corresponding to curricula of: Electrical Engineering,
Telecommunications Engineering, Computing
Engineering,  Industrial  Engineering and  Civil
Engineering. The experiments in the different laboratory
courses usually follow the next three steps sequence: 1.-
The student designs the experiment and configures the
parameters on-line, either at distance or in the computer
classroom. 2.- The experiment is executed. 3.- The
different results (numerical, graphical, images, etc.) are
displayed and optionally stored in the student computer
and are also optionally recorded at the UPC LMS Moodle
based system called Atenea.

The interoperability platform defines new Moodle
modules that allow the interconnection between the LMS
system and a set of laboratories and provide the intrinsic
LMS features (user identification, activity recording,
educational materials repository, ...). There are modules
that allow the interaction with a web service interface
giving access to the laboratory, with Java applet virtual
laboratories and others that make possible the link with
LabView based remote laboratories, all of them with
recording of experiment parameters in SQL databases
placed in the experiment servers.

Paper Outline — after an introductory section, a brief
description of each virtual or remote GILABVIR
laboratory is presented in section II. Then, objective
(Section III), design and implementation (Section IV) of
the interoperability platform are described. Finally,
sections V and VI are devoted to result and conclusions.

II.  VIRTUAL AND REMOTE LABORATORIES
INVOLVED IN THE PLATFORM

In this section we give a brief description of each
laboratory (virtual or remote) included in GILABVIR and
connected or in process of connection through iLabViR
platform to UPC campus Atenea. The different
laboratories are also classified attending to diverse criteria.
Extended description of each one can be obtained in
GILABVIR website [17]. While a Virtual Laboratory is
defined as an interactive environment for designing and
conducting simulated experiments, with a Remote
Laboratory students remotely program and supervise real
systems as if they were working locally on the real
installations.

A. Remote and virtual laboratories for mechatronics
and enertronics students.

The working team who teaches electrical engineering
courses related to automation, mechatronics, motor
control, renewable energy generation and power systems
has developed both types of laboratories, virtual and
remote.

Remote laboratories include: Automation and motor
control laboratory [18], Flexible manufacturing cell [19].
Power Quality laboratory, measurements of harmonics for
different loads, power system laboratory, protection, fault
detection and restoration of electrical power systems.

The group is supported by the ICE (Institut de Ciéncies de

I'Educacié) UPC including a financial aid from the 2009 - Educational
Projects Budget.

Virtual laboratories include: DC motor control
laboratory, Hotel automation laboratory, Chemical process
automation [20].

Most of them are used to complement the local
laboratory session.

B. LAVICAD

The virtual laboratory of analog and digital
communication systems is a useful tool to verify the
performance of different communication systems and
signal processing techniques, topics typically integrated in
undergraduate  courses of the curriculum  of
telecommunications engineering. The communication
systems have been implemented and designed as Java
applets and are free available. The different
communication systems present different levels of user
interactivity with a high degree of flexibility [23].

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

62 is also an interactive tool written in Java that allows,
first, to define discrete time signals and systems, and then
to work with them. Signals, systems and operations are
specified by means of menus or dialog windows without
the 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 time domains.
The tool includes a graphic interface to show the
sequences, their Fourier transform and the characterization
of lineal invariant systems (frequency response, impulse
response). The tool uses the A/D and D/A converters of
the PC sound card.

D. iLabRS:
Education.

Remote  laboratory  for  Secondary

iLabRS is built over a Modular platform to perform
remote experiments in sensors and signal conditioning.
This remote Laboratory is aimed for Secondary Education
students, to allow them to perform online real
experiments, with remote access through Internet. The aim
is triple: giving a tool to increase the experimentality in
scientific and technological subjects, demonstrating the
potential of the ICT's use and establishing a bridge
between the secondary school and the university.

E. LEARN-SQOL

LEARN-SQL is a tool whose main goal is helping in
learning the use and design of relational databases in
different subjects of schools of the UPC. This is a system
conforming to the IMS QTI specification [22] that allows
on-line learning and assessment of students on SQL and
other database skills in an automatic, interactive,
informative, scalable and extensible manner.

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

The tool has efficiently served to adapt the subjects
where it is used to the European Higher Education Area
(EHEA) and to innovative education methodologies [23].



F.  Circuit and Communications Systems Simulators

The aim of this virtual laboratory is to develop
monitoring tools for homework based on running software
simulators. The monitoring tool will automatically send a
report to a Moodle platform. It will be based in a Python
module with functions to write ASCII text, formatted text,
results tables and figures in the report together with the
answer to questions asked to the student.

This project has provided a tool to assist some activities
of the UPC “European Master of Research on Information
and Communication Technologies”. The involved Master
courses are: “Antennas for Communications” , “Waves
and Systems”, “Electromagnetics Engineering” and
“Design and Analysis of RF and Microwave Systems for
Communication”.

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

This remote laboratory is based on a custom acquisition
board which includes an Ethernet capable microprocessor,
so that every board has its own IP address. The
experiment server runs specific applications made in
LabView that control the experiments. Every application
generates a remote panel that allows its use with a web
browser. Four different experiment boards have been
developed up to now, which allow performing 6 different
laboratory activities around the sensor characterization
and the set-up of conditioning and acquisition circuits.
The use of the remote laboratory is focused as a
complementary tool to add flexibility to the laboratory
courses, mainly with the semi-distance students [24] .

H. VirtuaLab: remote workbench for instrumentation
and sensors.

Remote laboratory based on a web server and a VXI
modular instrumentation system connected to a circuit
board 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 simultaneous user, who
can use the resource during 20 minutes. Seven different
laboratory activities can be carried out, from system
identification and control, sensor calibration and remote
control of instrumentation. In operation since 2003, the
user interface was designed with the criterion of
minimizing the data exchange and ensuring the system
robustness. Because of this, the control applications in
LabView that control the experiments are running in the
server and they just exchange parameters and results with
the user dialogues in the web pages [25].

1. rWLaB-Remote WavelLab

The goal of this laboratory is to convert an experimental
setup (wave channel) into a platform for teaching,
research and dissemination of knowledge using all the
advantages offered by today's information technologies.
Thus, we propose the creation of a knowledge portal
based on experimentation with small-scale physical
models within the field of Maritime Engineering. The
purpose of this portal will serve as the container of those
remote and virtual laboratories that can be developed from
this initiative. It is envisaged to provide the necessary
content to the portal in order to, either through simulation,
experimentation or study, achieve varying knowledge

levels of methods and technologies employed in the
experimental scale.

J. SEC Virtual Laboratory

This project addresses the development of a virtual
laboratory for control system experiments. The goal is to
emulate the classroom experiments that can be done with
real equipment. The prototypes include a magnetic
levitator simulator, an inverted pendulum mounted on a
cart, a DC servomotor and a model of two helicopter
rotors. To give flexibility to the platform the applet
communicates with a calculation engine using SSH, this
interface also allows connecting to other programs and
platforms [26].

K. OnLine Robotic Lab.

This remote laboratory allows to control and program a
robot manipulator arm. The system offers editing and
syntax checking facilities without using the real robot.
When the program is completed, it is executed on the real
robot, while it is monitoring using IP cameras and text
messages [26] [26].

A summary of the type, main use and educational
environment of the previous laboratories is shown on
table L.

The educational scope and use from each of the
laboratories definitely cover a wide-range of applications;
however, at the group start-up all of them shared a
common challenge. They needed to be connected to an
educational campus from where to control an experiment,
including configuration, execution and results monitoring
steps.

TABLE L. SUMARY OF GILABVIR REMOTE AND VIRTUAL
LABORATORIES
Laboratory Type Main Use Education
A. Mechatronics Remote To complement a Grade
and enertronics Lab Session Master
B. LAVICAD Virtual Laboratory Session Grade
C.62 Virtual | Laboratory Session Grade
D. iLabRS Remote Special classes Secondary
E. LEARN-SQL Remote | Laboratory Session Grade
Homework Master
F. Circuits Virtual Homework Master
G. Modular Remote Semi distance Grade
Sensors Platform sessions
H. VirtuaLab Remote To complement a Grade
Lab Session
I.rWLaB Remote To complement a Grade
Lab Session
J. SEC Virtual To complement a Grade
Lab Session
K. OnLine Remote To complement a Grade
Robotic Lab Session
Homework




III.  OBJECTIVES

The main objective of this project is the development of
an interoperability platform for the promotion,
dissemination, exploitation and management of virtual and
remote laboratories. To achieve this goal, it was necessary
to:

o Study the requirements for the integration of
virtual/remote labs (related to the project) in an e-
learning system.

e Make a realistic proposal that allows the integration:

- Easily upgradeable to support new virtual or
remote laboratories.

- Follow the software standards (i.e., coding,
security and legality) for the development of LMS
components (the basic platform didn’t have to be
modified, the components should be plug-in).

- Communication between the virtual / remote
laboratories and the LMS had to be as generic as
possible and independent of the technologies used
in each system (i.e., web services, Java applets,
etc.).

- The necessary modifications in the current
laboratories should be the minimum possible.
These laboratories are already implemented and
they already support learning activities.

e Make use of open source tools and resources.

o Consider all the laboratories of the GiLabViR group to
ensure the integration of all of them.

From the early stages of the project, Moodle was
chosen as the best option to be used as the supporting
LMS to build over the interoperability platform. This
decision was based mainly on the fact that Moodle is the
system that was used to implement Atenea (the Virtual
Campus of the UPC) and it is the LMS most widely used
worldwide.

IV. DESIGN AND IMPLEMENTATION

The initial situation was the previous work developed in
the GiLabViR group [1], and the existing virtual & remote
laboratories. After an exhaustive analysis of the 11
laboratories associated to the GiLabViR group, the use
cases were identified (a use case typically defines
interactions of a system with users or other systems to
achieve a goal) for each laboratory. These use cases were
unified when they were equivalents. So, seventeen unified
use cases were defined that are organized into 7 groups:
Laboratory configuration, Experiment configuration,
Booking, Experiment execution, Video camera access,
Experiment results access and Students grading. Also the
following four roles were identified and defined: Manager
of the learning management system, Student, Teacher and
Laboratory manager.

In order to simplify the system implementation and
maintenance, component reuse, future expansions and the
integration of all existing remote and virtual laboratories
with a little effort, a modular system was adopted. The
interoperability platform was implemented in four main
components, as shown in Fig. 1 and described below.

- The iLabViR module. This is the component that is
integrated as a plug-in in Moodle (version 2.2.1 or higher).
This module allows adding in an existing course, one or
several activities carried out in remote or virtual
laboratories (Fig. 2, 3 and 4). Faculties and students use
this component to interact with laboratories, to monitor
them, to carry out and evaluate experiments.

- The experiment repository module. It is a list with
the description of the experiments available in the
laboratories and the information each require. It is only
necessary to define the activity once (in the repository),
even in the case that different courses include it many
times. The system automatically updates the activity in the
different courses that contain it, guaranteeing the
consistency. The repository manages all the information
about the infrastructure (on-line laboratories, available
experiments, booking system, communication protocols,
etc.).

- Resource booking module. Some remote laboratories
use real equipment to carry out the activities. In order to
achieve a suitable subject planning, it’s important to book
the required resources to do lab classes. This module
allows faculties and students, to work in the remote
laboratory at the planned period. It is a separate module
but in order to improve simplicity and consistency, the
booking system is accessed from the iLabViR module
(Fig. 4).

- Remote and Virtual Laboratories. On-line labs can
work in an independent mode (without relation with the
other modules, in this case we don’t take advantage of the
benefits of the platform) or in an integrated mode. In this
case, each laboratory has to implement an interface
component (a web service) that responds to requests from
the iLabViR module.

REPOSITORY

Experiment Configuration

ATENEA

{Tnoodle

FIGURE 1. SYSTEM ARCHITECTURE OF THE INTEROPERABILITY
PLATFORM.
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The system uses web services for the interaction
between modules. This design decision was obvious since
Moodle 2.x used this mechanism, and it is a technology
oriented to implement modular and/or distributed systems,
as in the case of this project. The system supports the main
internet protocols: SOAP, REST and XML-RCP. In all
cases, the iLabViR module acts as service requester, and
the communication between modules is always
asynchronous (the requester is not blocked waiting for the
response or confirmation of the provider).

Thus, the main system module is iLabViR (the others
provide it some services). The functions offered by this
module are: connection to the repository, user
authentication, experiment configuration and execution,
definition of evaluation policy, experiment booking, to get
results from the experiment execution and display them,
experiment evaluation and monitoring of system
components and information transfers,

For platform operation, only five functions (web service
calls) have to be implemented in each laboratory that
wants to be integrated in the platform:

e getWebserviceStatus: Check the status (availability) of
the interface component of a laboratory.

o beginTransference: Send to the on-line laboratory, the
student solution to an activity. Then, the laboratory
runs this solution, and obtains some results that are
stored until the user collects them.

e getTransferenceOutputs: Request the results from the
execution of the activity solution that was sent
previously with the function beginTransference.



o getCurrentTransferencesStatus: Monitor the status of
all transactions between the iLabViR module and the
online laboratory.

o deleteTransference: Delete an activity transfers
(usually this action is carried out when an error
happens in the system, because communication
between modules is asynchronous).

V. RESULTS

The system is successfully implemented and it is in
operation. In the final phase of the project (project design
and development was 24 months duration), several actions
for validation and dissemination were carried out among
the educational community. It has been tested in real
conditions of use in a university setting, as in the field of
secondary education. These tests have allowed us to
validate the level of reliability, robustness and usability of
the platform.

Among the collected data we highlight the results of
two surveys. The first was addressed to university students
in the context of a course of electronic control systems,
using a virtual lab —a magnetic levitator described in
section II.J- The second was addressed to secondary
school teachers attending a workshop on on-line
laboratories, where the interoperability platform project
was presented and they carried out a practical session
using several laboratories included in the platform.

The results of these surveys and the meetings and
interviews that we had with various actors in the
educational community (in high school, professional
training and university) expressed the interest and utility
that virtual and remote laboratories have in the learning
process. In this way, the developed interoperability
platform allows to unify the laboratory interface and
usability, and provides a set of common services, making
the process, from conception to the use of an on-line
laboratory, simpler, faster and cheaper.

For these reasons we believe that the interoperability
platform for on-line laboratories must be an efficient
initiative to promote the development and use of such
laboratories in the near future.

VI. CONCLUSIONS

With the EHEA startup, new educational
methodologies have intensified the challenge of
introducing Remote or Virtual laboratory based learning
activities in engineering courses. As a consequence of this
stress the design of a common interoperability platform
has surged as a result of detecting common needs of the
technical solutions for the different laboratories at UPC.

This platform has also promoted the application of
Remote and Virtual laboratories to secondary school,
sharing resources and increasing collaboration. More
information on this issue can be obtained at the project
webpage [29].

The effort to define and develop a universal platform
for the integration of remote and virtual laboratories in an
LMS, like Moodle, promotes the interest in these
resources, and initiates new collaboration. Indeed, the
simplicity of integrating new laboratories is encouraging
other groups to make and share their contributions.
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