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Ubiquitous and Smart Learning Paradigm for Preparing Qualified and
Skilled Engineers

Abstract

In this paper an innovative approach for preparing qualified and skilled engineers is
presented. The paper reports on a new inter-institutional master’s degree program in
Information and Communication System (ICS) that is delivered online and across five
European institutions. The program has been developed under the European grant “Remote-
labs Access in Internet-based Performance-Centered Learning Environment for Curriculum
Support (RIPLECS)”, and it aims to mitigate the deficit in qualified professionals and
technical job-specific skills. On the other hand, the program copes with the predominant
students’ lifestyles by eradicating distance and time restrictions. The program is
administrated and delivered through an online learning platform (DIPSEIL) that enables
world-wide distribution of learning resources by utilizing multiple Web servers at partners’
institutions within a single network topology. Access to remote laboratories as an integral
task within the subjects, in order to guarantee the acquisition of practical competences as well
as the theoretical ones, is the main novelty of the program, making it a unique approach of its
kind. The development and the organization of the program are discussed in this paper. This
is followed by a description of a selected state-of-the-art remote laboratory—Virtual
Instrument Systems in Reality (VISIR)-that is going to be adopted in one of the master’s
subjects— Power Supplies for Information and Communication Technology (ICT). VISIR is a
remote laboratory for wiring and measuring electronic circuits on a breadboard. Some
previous results from the system implementation are presented along with the scheduled
practices to be done within the new master’s degree program.

l. Introduction

Unskilled and non-qualified graduates are considered to be two of the most common threats
that have been associated with most of the official engineering curricula around the world.
While the theoretical content is always being emphasized and well-imparted, the practical
content is usually dismissed or ignored. This is, substantially, owing to the high cost of the
equipment and laboratory personnel. The time and mobility availability are other important
factors as well. Most of the engineering curricula are not oriented, to some extent, to labor
sectors’ characteristics. As a result, most of the graduates struggle during their shift from the
academia to the industrial real world. In order to mitigate this issue, some enterprises have
endeavored to prepare engineers, and to help them to acquire specific skills demanded by the
labor market, by means of sponsored training courses. However, this solution is not
affordable for the majority of graduates.

The advent of computer and information technologies has revolutionized the learning process
and has yielded new learning models known as e-learning, blind learning, distance learning,
or online learning, which allows efficient learning that is adaptable to predominant students’

v'v121 s obed



lifestyles without time or distance constraints. E-learning was confined to theoretical content
from its inception until the appearance of remote laboratories few years later, in the late
1990s. Remote laboratories allow managed access to, and control of real, instruments online
in real time. Moreover, they promote collaboration between universities by sharing their
laboratory facilities, which results in the offset of cost and increase of experiments range and
availability. Thus, offering e-learning including modules that provide access to remote labs,
by far, is the most ubiquitous, low-cost, and adaptable solution for defying the deficit of
qualified and skilled engineers.

In this respect, a unique initiative, in form of a new inter-institutional European online
master’s degree program in the Information and Communication Systems (ICS) curricula,
which leverages e-learning and remote laboratories technologies, is presented in this paper,
assuring ubiquitous and smart paradigm for preparing qualified and skilled engineers. The
program has been developed under the European grant “Remote-labs Access in Internet-
based Performance-Centered Learning Environment for Curriculum Support (RIPLECS)”,
and it is oriented to labor market needs. Real-world experiments are accessed remotely along
with a pool of online learning resources that is administrated by a learning platform
(DIPSIEL) previously developed by the project partners. The program is delivered by five
European institutions. Each partner contributes with at least a subject, in addition to access to
a remote laboratory.

The rest of the paper is structured as follows: Section II discusses the development and the
organization of the new inter-institutional European online master’s degree program; Section
IIT discusses the role of remote laboratories in the new master’s degree program; Section IV
presents a case study and describes a state-of-the-art remote laboratory—Virtual Instrument
Systems in Reality (VISIR)—for wiring and measuring electronic circuits on a bread board,
and which is going to be adopted in one of the new master’s subject—-Power Supplies for
Information and Communication Technology (ICT); Section V provides some previous
results from VISIR implementation along with the scheduled practices to be done within the
new master degree program; and finally a conclusion is drawn in Section VI.

Il.  New Inter-Institutional European Online Master Degree Program

The new inter-institutional European online master degree program has been developed under
the European grant RIPLECS [1]. The idea was to deliver a telematics-based educational and
training program for ICT in Europe, which is labor-oriented and includes remote access to
laboratories as an integral task in most of the subjects. RIPLECS is the successor of the
previous projects DIPSEIL [2, 3] and IPLECS [4, 5]. The DIPSEIL project provides an
integrated master program in a platform for open and easily accessible learning resources,
which answer to the global strategy for the effective integration of ICT in higher education,
realizing the effective virtual mobility of students and staff. A distributed performance-
centered adaptive Learning Management System (LMS), for IT, telecommunication,
microelectronic and electronic courses, was set-up, and five DIPSEIL servers in four
countries in Europe has been installed, as shown in Figure 1.
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Figure 1. Five DIPSEIL servers in four European countries.

In addition, a pool of learning resources on DIPSEIL database in four different languages is

provided. An extension to the DIPSEIL project was the IPLECS project that has proved that
developed performance-centered reusable and open course learning materials could be used
to support university curricula in the field of engineering education. Under the IPLECS
project, almost 50 performance-centered courses in five languages has been add to the
DIPSEL platform and a whole Master degree program has been implemented at one
university and some courses from the program has been implemented at the other four
universities. The aforementioned carried out projects and the acquired experiences by the
partners returned strong positive results, however, the feedback from the employers of
graduated students and from a number of enterprises in the sector during the implementation
of courses was that more practical skills are expected and more laboratory practices are
necessary. The preliminary analysis has also shown that whilst there already exists
considerable ICT multimedia content on web servers, there does not yet exist a telematics
based educational and training service for ICT in Europe. In response to these needs, the
partners have launched the RIPLECS project to create such a telematics-based educational
and training service for ICT in Europe by developing remote accessed laboratories in
multiple disciplines. The RIPLECS project goals are in accordance with the European Higher
Education Area (EHEA) objectives for 2020, according to the Bologna process [6]. The
program is delivered by five European institutions. Each partner contributes with at least a
subject, in addition to access to a remote laboratory. The project partners are:

= Spanish University for Distance Education (UNED), Spain.
= University of Plovdiv (PU), Bulgaria.

= Cork Institute of Technology (DEIS), Ireland.

» Technical University of Sofia (TUS), Bulgaria.
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= Graz University of Technology (TUGraz), Austria.

The master program is targeted to engineers, technicians and scientists with interest on up-to
date topics in the area. This master-degree title gives a deeper and complete formation in the
ICS research areas, as well as development activities linked to professional sectors. Recent
advances in electronics components and systems, advanced design, advanced communication
electronic systems or application techniques in industrial sectors will be emphasized.
Students will acquire skills focused on industrial field like production organization, design of
products, processes and installations, quality management or multidisciplinary teams’
management. Additionally, different training and educational activities focused on research
processes related to the electronics engineering field will be carried out.

The program will start in the academic year 2013/2014 and will be delivered as many years
as the labor market needs ICT specialists and students want to enroll for the master degree
curricula. Enterprises in the sector of ICT need design and production engineers and scientists
skilled in more than just one area of research which should be able to work with the newest
technological equipment. Thus, part of the project management will include contacting and
collaboration with enterprises in the sector to respond to the labor market needs.

The curricula courses are based on ECTS and it will be conducted and accredited initially in
Spain, by the Spanish ANECA accreditation Agency [7], as part of the official courses
conducted at UNED. This is owing to the vast historical experience of UNED in delivering
online educational programs-UNED is the second distance education university in the Europe
in terms of number of “online” enrolled students [8] after the Open University in United
Kingdom, the actual number of enrolled students is 260.079. In addition, a certification from
all partner universities will be included. The consortium unites universities teaching
engineering and science, and open universities. It encompasses members from four European
countries with four different languages and from different application domains, including
mathematics, physics, microelectronics, information technology and telecommunications.

The master program is of one year (2 semesters) and 60 ECT, and is composed of three
modules; fundamental module, specialized module, and final project module. The subjects
are of 5 ECT, and the final project is of 10 ECT. All subjects will be taught in English and
any student around the world could be registered and enrolled in the master. Moreover,
remote laboratories will form an integral part within the subjects of the master program. The
program curricula is organized as shown in Table 1.
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Table 1. Contents of the new master degree program.

Subject Provider

=¥ = Introduction to Information and Telecommunication systems PU
g §_ g = Industrial and Real-time Communications DIEEC-UNED
% 2 & " Internet Technology DEIS
Tn % —~ = Electronics for Information and Communication Technologies TUS
% % = ICTs research and engineering competence skills DSCC-UNED
3
» = Microprocessor Techniques PU & UNED
§ = Wireless Communications PU & TUGraz
& = Multi Media DEIS
o D . .
A ; = Power Supplies for ICT equipment UNED
£ 8. S = Microelectronics PU
é ;f % = Satellite and Mobile Communications PU & UNED
S E % = Computer Modeling and Simulation of Electronic Circuits PU & UNED
&

Final Project

RIPLECS relies on DIPSEIL platform; a distributed LMS, previously developed by the
project partners, which enables world-wide distribution of learning resources and remote lab
experiments access. A DIPSEIL server will be installed at each partner’s institution within a
single network topology. Thus, instructors at each institution could take the advantages of
employing learning resources and lab experiments and present it in their native language and
personal educational point of view.

I11.  Remote Laboratories and their Role in the Master Program

Remote laboratories [9-14] are those laboratories that can be controlled and administrated
online. They are distinguished from virtual laboratories as they are dealing with real physical
equipment. Several initiatives have launched in order to integrate remote laboratories with
heterogeneous educational platforms [15] such as

1. LMSs [16-18]: facilitates reusing preexisting services provided by legacy LMSs
during remote lab sessions such as administration, profile and roles, scheduling,
synchronous and asynchronous communication tools.

2. Remote Laboratory Metadata Repositories (RLMRSs) [19]: provides information about
dispersed remote laboratories installed at universities around the world. This
information might be classified into categories such as language, discipline,
experiment type, etc.

3. Remote Laboratory Management Systems (RLMSs) [20-27]: promotes inter-
institutional sharing of remote lab facilities through a common online portal that
provide access and administration to its integrated remote lab systems, which might
be installed at different universities.
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The inclusion of Internet accessible labs within the master degree program will definitely
promote cross-institution co-operation and offset costs and burdens. Students at one
university will access remotely to a laboratory made accessible by another university. The
partner organizations will share the cost of an expensive laboratory and physically establish it
at a convenient location. Students will have a possibility to have practical work in labs in
different countries, in which labs are usually very expensive— in some cases they are even
unavailable for public universities. So far, the developed remote labs to be integrated in the
master’s subjects are the following:

= Remote Lab for Wireless Sensor Networks (WSNs): for configuring and programming
WSNs online. This is a remote lab from TUGraz for the subject “Wireless
Communications”.

= Remote Lab for GSM and 3G Telecommunications: for measuring the radiation
patterns of various types of antennas to get a clear picture on their radiation
characteristics, and measuring characteristics of wave propagation in mobile
communications identifying parameters such as fading, phase delay, standing wave,
and Doppler frequency. This is a remote lab from PU for the subject “Wireless
Communications”.

= Embedded Systems Remote Labs: Embedded systems remote labs are a collection of
mounted boards such as Field-programmable Gate Array (FPGA), Microprocessor,
and microcontroller, which are totally administrated, controlled, and monitored online
for education and experimentation boards. The students use these types of boards in
order to program them online by programming languages such as VHSIC hardware
description language (VHDL) and to monitor the results through a connected
Webcam. This is a remote lab from UNED for the subject “Microprocessor
Techniques”.

= Virtual Instrument Systems in Reality (VISIR): VISIR is a remote laboratory for
wiring and measuring electronic circuits on bread board online. This is a remote lab
from UNED from the subject “Power Supplies for ICT”. The system description is
disused broadly in the next section.

In addition other remote laboratories are still under-development due to be ready by the
commencement of the academic course 2013-2014.

IV.  Virtual Instrument Systems in Reality (VISIR)

VISIR [28] is a remote laboratory for wiring and measuring electronics circuits on a
breadboard. The user designs and constructs her circuit via PC-mouse on a seamlessly
simulated workbench that resembles the real lab elements and components. Once the
designed circuit is submitted, it is first sent to be verified then to be wired and measured by
real instruments, and finally, it is received by the user on her PC-screen in real-time, Figure 2.
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Figure 2. Half wave rectifier circuit mounted using VISIR.

The instrumentation platform is based on PXI from National Instruments (NI). The NI PXI
platform consists of instrument module cards, a controller card and a chassis into which all
the cards are plugged. The terminals of the NI PXI-modules are connected to a relay
switching matrix that comprises the components. The relay switching matrix acts as a circuit-
wiring robot that connects the terminals with the components. The whole operation cycle can
be summarized as shown in Figure 3.
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Figure 3. The overall operation cycle of VISIR.

The user interface is the frontal web page of VISIR that handles all the administration,
access, and authentication process. It provides many features similar to those provided by a
LMS in order to facilitate the implementation of VISIR in the learning process. The
experiment client is a simulated workbench embedded in the HTML code of the user
interface. The user chooses the instrument interface with which she is familiar regardless of
the model or the manufacturer and starts to design and wire her circuit on a simulated
breadboard by clicking and dragging the simulated components and wires with her PC-
mouse. Once the user gets her circuit ready, with all the instrument values adjusted, and
clicks on the “perform experiment” button. The experiment client sends the designed circuit
with all the adjustments and the configurations to the measurement server through the
experiment protocol (an XML-based protocol transported over the TCP/IP model). The
measurement server receives the measurement requests from the experiment client and
verifies the circuit’s design against the maximum permitted values defined in the max list file
(prepared by the teacher or the administrator) in order to avoid hazardous circuits or any
damage that may be caused to the real instruments. Afterwards, the measurement server starts
to send the requests to the equipment server which consists of the PXI platform and the relay
switching matrix. The equipment server software is an application developed by LabVIEW
and installed in the NI PXI-controller. It receives validated sequential experiment protocol
requests from the measurement server executes it through the connected instruments. After
that, the results return back to the client PC-screen with the same sequence. The results are
represented in the form of measurements on the simulated instruments. The component list
file of the relay matrix is inserted inside the equipment server software folder to define the
available components to the software.
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V. Implementation and Practices

VISIR has been successfully implemented and deployed in the undergraduate engineering
practices at Institute of Porto (ISEP), University of Deusto, and UNED [28]. The overall
results were satisfactory. Several electronic circuits’ practices have been carried out by
VISIR without any inconvenient. These practices include:

e Half-wave rectifier with and without a filter.

e Inverter and non-inverter operational amplifier.
e Regulator with zener diode.

e Common emitter and common collector BJT.

At ISEP, VISIR has been deployed in a course of more than 270 students enrolled without
many irregularities. The students stated that they did not feel that it helped with their
motivation but they would like to extend its utilization to other subjects. They also felt that a
formal tutorial could have been helpful. At university of Deusto, VISIR was accepted among
the students as a useful tool for practical sessions; the students who had used it gained more
self-confidence when they started using the real lab, even though, their first time was through
a remote lab. On the other hand, the students considered it as a support tool, not a total
substitution for real labs.

At UNED, during the academic year 2009/2010, the students of the subject “Electronic
Circuits and components”, a first year subject of the Technical Industrial Engineering career
in Spain, used the VISIR installed at University of Deusto, thanks to an agreement between
both universities. The goal was to evaluate the system performance and to check its accuracy
and sustainability when it comes to real time deployment. About 40 enrolled students were
using the VISIR of Deusto during two entire days without any problems or inconvenience.
The students could repeat their experiments varying the values all the time they needed
during the two days. In other words, the results were very satisfactory and the system was
proven to be sustainable. Many of these students stated that they would like to use VISIR for
electronic circuit practices of other subjects. Many students also stated that it would be better
to use VISIR to make the first approach towards the instruments and, afterwards, repeat the
same practices in the real laboratory. Owing to this positive perception, the Electrical &
Computer Engineering Department at UNED decided to install its own VISIR for the
undergraduate electronic circuit’s practices. The department installed a VISIR in December
of 2010. The system was in operation starting from the academic year 2010/2011 and was
used as a mandatory pre-laboratory work for students of the subject, “Foundations on
Electronic Engineering”— a subject within the new Electronic Engineering grade of Bologna
that was recently applied in Spain. The goal was to use VISIR to take the first approach to the
instruments and the typical ways of work in a real electronics laboratory. Afterwards, the
students would repeat the same practices in the real laboratory at the department. This
procedure allowed the students to gain more efficient experimentation skills during their first
electronics practices. At the end of the course, a survey was conducted among all the enrolled
students (64 students) in that subject. The survey encompassed questions in terms of learning
outcomes, sense of reality, and performance. The survey results are shown in Table 2.
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Table 2. Survey on VISIR Deployment at UNED (2010/2011).

Question Score Average

(out of 5) (%0)
-
§ Q.1. It helped me to understand the subject contents? 3.76
o Q.2.1t was useful for trying many circuits without any
= fear of errors? 4.82
=< Q.3. I recommend it to be used in other subjects?

3.05 77.53
%)
@D
7
S, Q.. I felt that I was working with a real laboratory
@ environment and not a simulation?
i 3.69
<

73.8
gl
@D
=
S Q.. 1t was responding without time delay? 4.49
§ Q.6. There were no software bugs or access errors?
§ 4.11
86

As seen in the table, the performance of the system is notably high. The sense of reality could
be better — this may owe to the lack of live view (Web cam) of the equipment, since in VISIR
student only see the simulated workbench even though she is manipulating a real one — but it
is still relatively high for being a remote laboratory. In general terms, VISIR was definitely
feasible and students enjoyed the experience and gained a higher motivation for learning.

Owing to the positive results and perception after utilizing implementing VISIR in practices
for two consecutive years, VISIR will be implemented in the practices of the subject “Power
Supplies for ICT” within the new master degree program. The subject provides knowledge
about fundamentals of power electronics, filters, AC distributions lines, reliability and
maintainability, safety, and low volt electric systems installation. Enrolled students form
different European countries will be able to enjoy this experience and realize the subject’s
practices online using VISIR. The scheduled practices to be realized are the following:

= Half-wave Rectifier Circuit

* Diode Zener Voltage Regulator

= Full Wave Bridge Rectifier Circuit
= RC High-Pass Filter Circuit

=  RC Low-Pass Filter Circuit

=  RL Low-Pass Filter Circuit

= RL High-Pass Filter Circuit

Two manuals have been prepared along with the subject materials: a general descriptive
manual about VISIR and a practice manual. Each student will access to VISIR in the
scheduled time specified by the teacher and with the same Dipseil platform credentials using
the “single sign-on” technique.
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VI. Conclusion

The new inter-institutional European online master degree program is a step forward towards
more a better education paradigm that aims to address the labor market needs, the shortness
in skilled and qualified graduates, and the EHEA objectives for 2020, according to the
Bologna process. The variety of partners form different European institutions would enrich
the experience and augment the program contents. The program is conducted by European
partners, however, being online, it would include students from all over the world and it will
be compatible with different life styles of the predominating students. The integration and
adoption of remote laboratory work as an integral task of most of the subject is another asset
that paves way for inter-institutional co-operation and cost cutting by sharing expensive lab
facilities. Putting all these factors together makes the program unique of its kind. Thus, its
successful implementation would pave the way for further initiatives of this kind, which is
not only confined neither to ICS nor Engineering either, but for many other disciplines of
science.
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