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Abstract— This paper reports on a new designed electronics
practices with the remote laboratory Virtual Instrument Systems
in Reality (VISIR). The proposed practices encompasses many
common electronic circuits for electronic circuits related subjects
within the undergraduate engineering education as well as for
the postgraduate degrees and the vocational training courses. A
new range of components and black boxed circuits have been
added to VISIR such as inductors and converter circuits. This
paper shows the configuration of the VISIR’s switching matrix
and provides a case study with results. The proposed practices
are aimed to be conducted online as en essential task of the
subject “Power Supplies for ICT Equipment”; a subject
delivered by the Electrical & Computer Engineering Department
(DIEEC) of the Spanish University for Distance Education
(UNED) within a new European online master degree program in
Information and Communication Systems (ICS) in which UNED
is a partners along with other four European university partners
from different European countries. Remote laboratories forms an
integral part of all master’s subject in order to foster
experimentation and to prepare qualified and skilled graduates.
The proposed practices covers most of the subject’s content and
are totally administrated and delivered online in accordance with
the master’s objectives.
Keywords-component; distance education, electronics circuits,
remote laboratories, RIPLECS, VISIR

I.

INTRODUCTION

Recently, a major shift from conventional education
methods to online education has emerged thanks to the
advances in communication and Information Technology (IT)
[1, 2]. Distance education cope with the lifestyle of all
audience and is every day augmented by new online facilities
and tools. Remote laboratories are one of the greatest
challenges in delivering online education programs especially
for scientific and applied science disciplines. Thus,
development, integration and implementation of remote
laboratories ascended to be one of the most hot research topics
among electrical and computer engineers [3, 4]. Up to now, a
vast number of published literature addressed remote lab
development, integration, and implementation [5-12] but very
few reported on their adoption as an integral component of an
official degree program.
The European project Remote-labs Access in Internetbased Performance-Centered Learning Environment for
Curriculum Support (RIPLECS) [13, 14] was launched in order
to take the first initiative and create an entire online and official

master degree program, in Information and Communication
Systems (ICS), among five European Universities at five
different European countries whereby remote lab practices are
an integral component of all the subject’s contents. The
program is of one year (2 semesters) and 60 ECT and will start
in the academic year 2013/2014. The program 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. Each university partner will contribute with at
least a subject and a remote lab experiment.
The Spanish university for Distance Education (UNED)
will be in charge of the principle administration of the master
program owing to its grand historical experience in delivering
online educational programs - UNED is the second distance
education university in the Europe in terms of number of
“online” enrolled students [15] 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 program will be accredited initially in
Spain, by the Spanish government accreditation Agency for
higher education ANECA [16], as part of the official courses
conducted at UNED. In addition, a certification from all partner
universities will be included.
From UNED two departments are involved in the
project/master: the Electrical & Computer Engineering
Department (DIEEC) and the Communication & Control
Systems Department (DSCC). UNED contributes in the
following subjects: Microprocessor Techniques, Wireless
Communications, Satellite and Mobile Communications, and
Computer Modeling and Simulation of Electronic Circuits.
And it delivers entirely the following subjects: Industrial and
Real-time Communications, ICTs research and engineering
competence skills, and Power Supplies for ICT equipment.
This paper focuses on the contribution of UNED through
the subject “Power Supplies for ICT equipment”. The paper
initially discusses the subject’s objectives and organization.
Afterwards, the paper reports on the proposed and the designed
remote laboratory practices for electronic circuits using the
state-of-the art remote lab Virtual Instrument Systems in
Reality (VISIR) [17] which is currently installed at DIEECUNED. The rest of the paper is structured as follows: Section II
describes the learning outcomes and the organization of the
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subject “Power Supplies for ICT equipment”. Section III
provides a generic description the remote laboratory (VISIR)
applied in that subject. Section IV presents the design and
configuration of the proposed practices to be conducted online
within the subject. This is followed by a case study example
with results. Section V explains the methods of
implementation, online administration, and assessment.
Finally, a conclusion is drawn in Section VI.
II.

POWER SUPPLIES FOR TIC EQUIPMENT

Power supplies for TIC equipment is an optional 2nd
semester 5 ECT subject within then master program, delivered
by DIEEC-UNED. The subject provides a generic overview
on power electronic devices and power supplies, electric grids,
electric installations, and safety, and reliability issues. The
contents are targeted to ICS student profiles without getting
bogged down in technical details. The subject is divided into 7
TABLE I.
Organization of the Subject Power Supplies for TIC Equipment

Module

Contents

Learning Outcomes

Fundamentals
of low power
voltage and
electrical
installations

Fundamentals on
electrical based systems
and electrical installations
in low power voltage

Basic knowledge of low
power voltage and
electrical installations
regarding the problem
solving issues on direct
and alternate (single and
three phases) current

Power
electronics
based
equipment

Requirements of the ICS
equipment regarding
power consumption,
electronics and different
equipment to perform
them

Ability to specify the
needs of the ICS
regarding power
electronics and the
possibilities of
equipment to fill them

Reliability and
systems
management

Development of concepts
on reliability and
quantitative analysis
applied to management of
power electronics
systems.

Knowledge of reliability
and quantitative analysis
as well as basics and
types of management
applied to power
electronics

Electrical grid
characteristics
and critical
load
management

Presentation on critical
electrical loads
parameters and needs and
electrical grid
performance

Use of knowledge
applied to critical
electrical loads and the
different parameters
regarding to electrical
grid performance

Line
conditioners
and
uninterruptible
power systems

Introduction on line
conditioning,
Uninterruptible Power
Systems (UPSs) and
storage systems applied
to ICS.

Ability to specify the use
of different types of
equipment like voltage
and line conditioners or
UPS and to select one
specific equipment
fulfilling requirements

Environmental
issues of Power
Supply
equipment

Introduces the building
and room environment
issues, and principles of
electrical and
electromagnetic
interferences regarding
electrical equipment.

Practical performance
on building and room
environment issues as
well as in electrical and
electromagnetic
interferences

Safety issues of
Power Supply
equipment

Presentation of practical
performance on safety
concerns about handling
power Supply equipment.

Practical performance
on safety handling
Power Supply
equipment

modules and each module targets specific learning outcomes
and acquired competences as shown in Table 1. Practical work
is of crucial importance in order to achieve the desired learning
outcomes. As mentioned earlier all the practical work will be
conducted totally online using VISIR. Prior to delving into the
practices’ preparation, a brief description on VISIR is
presented in the next section.
III.

VIRTUAL INSTRUMENT SYSTEMS IN REALITY (VISIR)

In the literature, several approaches for building remote
laboratories for electronic circuits’ practices have been
addressed. The typical development process includes selecting
a lab server software such as Matlab, LabVIEW or other software written from scratch by a high-level programming
language, in combination with a Data Acquisition Device
(DAQ) for retrieving and sending digital and analog signals
between the lab server and the measured circuit. In addition,
there are several modular types of instrumentation platforms,
such as PCI eXtensions for Instrumentation (PXI), LAN
eXtensions for Instrumentation (LXI), and General Purpose
Interface Bus (GPIB or IEEE-488.2), which could be
connected to the lab server in order to change the value of the
circuit’s parameters remotely. This combination has allowed
the development of a wide range of remote lab applications
among them electronic circuits’ measurements. For instance, in
[18], a remote lab is developed for recording the amplitude
characteristics of a T-notch filter, I/O characteristics of a diode,
I/O characteristics of PNP and NPN transistors, characteristic
of A and B class amplifiers, and characteristics of RC filters,
and measuring circuits with operational amplifiers (adder,
subtractor). In [19] a remote lab is developed for running
experiments on a normal BJT common emitter amplifier
circuit, while maintaining the possibility for the students to use
a wide range of different setups. In [20] a remote lab is
developed for measuring the characteristics of non-inverting
operational amplifier, integrators and differentiators, and half
and full wave rectifier. In [21], a remote lab is developed for
measuring I/O characteristics of a Linear Variable Differential
Transformer (LVDT). Nonetheless, most of the aforementioned
approaches are based on measurement and monitoring of static
circuits as they only permit changing the instruments
parameters of circuits. Other noticeable approaches such as
RemotElectLab [22] and NetLab (http://netlab.unisa.edu.au)
[23] provide more flexibility in terms of building new circuits,
changing parameters ad components, and measuring at
different nodes. None of the mentioned however provides the
flexibility of wiring and measurement on a breadboard
resembling the real workbench. Nonetheless, they still present
a good alternative for their traditional counterparts.
In this respect, VISIR comes into play with the unique
feature of providing an online workbench that resembles the
real one. VISIR is a remote laboratory, developed at Blekinge
Institute of Technology (BTH), which allows designing, wiring
and measuring electronic circuits on a bread board with a major
level of flexibility and a vast range of component types and
numbers. The user designs and constructs her circuit via PCmouse 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
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user on her PC-screen in real-time. VISIR allows realizing real
measurement on physical equipment, which is not possible to
achieve using simulation software. VISIR is shown in Figure 1.
It is composed of the following:
A. PCI eXtensions for Instrumentation (PXI)Platform
The instrumentation platform of VISIR is based on PXI
from National Instruments (NI) (www.ni.com). The NI PXI
platform consists of instrument module cards (DC power
supply, digital multi-meter, oscilloscope, and function
generator), a controller card (an embedded PC) and a chassis
into which all the cards are plugged.
B. Relay Switching Matrix
The relay switching matrix is a stack of “PCI/104”
(www.pc104.org) sized boards, manufactured at BTH, which
controls the terminals connection of the components and the NI
PXI-modules. It acts as a circuit-wiring robot and it is designed
for low frequency analog electric and electronic circuit
experiments. It consists of two types of boards 1) instrument
boards which handle the connection of their corresponding NI
PXI-module, 2) Component boards which handle the
connection of the components installed in it. The NI PXIchassis is connected to the relay switching matrix by a USB
cable and the terminals of the NI PXI-modules are connected to
it by either coaxial cables or cords. Each board has a certain
number of relays controlling the connections of the terminals
of the NI PXI-modules and the components.
C. Software Package
The VISIR software is an open-source that is released
under a GNU General Public License (GPL). The software
package consists of four main components:
1) User Interface: 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 Learning Management System
(LMS) in order to facilitate the implementation of VISIR
in the learning process.
2) Experiment Client: The experiment client is a simulated
workbench written in Adobe Flash and embedded in the
HTML code of the user interface. It communicates with
the “measurement server” through an XML-based

protocol, which uses either XML Socket or HTTP (the
actual configuration) over the TCP/IP model in order
transport the data requested by the client.
3) Measurement Server: It is a software application that acts
as a proxy between user client and the “equipment server
software”. handles persistent user authentication,
verification of user design in order to avoid hazourd
circuits, and queuing.
4) Equipment Server Software: It is a software application
for instrumentation control developed by LabVIEW. The
equipment server software receives validated sequential
experiment protocol requests from the measurement
server in separate TCP sessions over TCP/IP and executes
it through the connected instruments. Afterwards, 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.
In [17] VISIR’s hardware and software operation cycle are
described at a broader level of granularity. So far, six
universities have already acquired VISIR after BTH and it was
successfully implemented and deployed in undergraduate
engineering practices with satisfactory overall results [24, 25].
IV.

THE PROPOSED PRACTICE: DESIGN, CONFIGURATION,
AND RESULTS

Recalling back the hardware components of VISIR, all the
components should be physically mounted on the relays of the
component boards. Each component board can have up to 10
Double Pole Single Throw (DPST) relay (4 of them could be
replaced by 8 Single Pole Single Throw (SPST) relay). A two
terminal component (e.g. Resistors, capacitors, etc.) occupy a
DPST, while components with more terminals (e.g. operational
amplifier Integrated circuit) occupy more and thus, are usually
mounted using a SPST for each terminal. The relay switching
matrix can hold up to 16 component boards, which provides
vast number of components for numerous exercises. For
instance, a 16x10 two terminals components could be
mounted). Moreover, a component could be re-utilized in many
exercises. Figure 2 shows the relay switching matrixes with all
the components of the practices are mounted. As shown in the
figure, a converter is black boxed and connected in an external
circuit. This is a very useful option provided by VISIR in order
to allow more complex circuits. The equipment and
measurement servers are both configured in order to include
converter circuits with 9 terminals as well as inductors.
The proposed practices that are already mounted for the
subject are divided into modules and each module contains
several circuits as follows.

Figure 1. VISIR Remote Lab.

A. RLC Module
The aim of this module is allow students to analyze circuits
under steady state and transient conditions, calculate the phaseshift between current and voltage, analyze the response of the
circuit to the frequency variation, and the resonance concept.
The available exercises for this module are: RC circuit, RL
circuit, and RLC circuit.
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Figure 3. Converter DC/DC.

Figure 2. Relay switching matrix connected to practices’
components and external circuits..

B. Filters Module
The aim of this module is allow students to analyze the
effect of the filter on the distorted harmonic waves on the
output wave form. The input wave forms types are square and
triangular. The available exercises for this module are: lowpass RLC filter circuit and high-pass RLC filter circuit.
C. Converters AC/DC Module
The aim of this module is allow students to study the
input/output characteristics and the accompanied distortions,
harmonics, and voltage drop. This provides students with a
strong background on the introduced perturbations to electric
networks due to the non-lineal loads. The available exercises
for this module are: half-wave uncontrolled single-phase
rectifier with a capacitive filter and full-wave uncontrolled
single-phase rectifier with a capacitive filter.

connected in order to study the thermal effect in power
systems. One thermistor is exposed to the ambient temperature
and the other is attached to the regulator circuit (RECOM R78C5.01.0). Student could be able to measure both thermistors
and compare the thermal effect. The total connection of the
circuit in VISIR’s user client is shown in Figure 4 and the
corresponding output for a resistive load of 511 Ω is shown in
Figure 5. Student could also be able to vary the load value and
the input voltage value and compare. Figure 6 shows the
thermal effect among both thermistors; one is exposed to
ambient (approximately 23 °C) and the other is exposed to the
regulator temperature after 5 minutes of operation.
V.

IMMPLEMENTATION, ONLINE ADMINSITRATION AND
ASSESMENT

As mentioned previously, VISIR have its own LMS which
facilitates its implementation in education. The software
provides services such as queuing, profile roles, and
reservation. Further efforts will be done within the project to
integrate VISIR’s LMS with the DIPSIEL platform insofar as
students with their DIPSIEL credentials could access their
VISIR account using a single sign-on.
A major concern related to the VISIR utilization is
assessment. So far, the system doesn’t provide tracking tools so
that teachers could evaluate students’ works. Up to now,
assessments was realized by requiring students to send screen
shots for their circuits’ connections and measurements.

D. Converters DC/DC Module
The aim of this module is allow students to study the
input/output characteristics and the accompanied distortions,
harmonics, noises, and voltage drop. As well, it provides an
introduction to thermal calculation of power devices under
steady state condition. The available exercises for this module
are: linear regulator with IC 7805 and switching regulator with
RECOM R-78C5.01.0.
For example, the switching regulator circuit with RECOM
R-78C5.01.0 shown in Figure 3 is mounted in an external
circuit, which is eventually connected to the relay switching
matrix as a black box component. The external circuit contains
all the necessary components for avoiding distortions and
harmonics and some fuses for protection. In the same circuit,
two Negative Temperature Coefficient (NTC) thermistors are

Figure 4. Switching regulator circuit connected in VISIR’s user
client.
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