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1. Introduction
The new European project, Remote‐labs access in Internet‐based Performance‐centered Learning
Environment for Curriculum Support (RIPLECS) [1] creates a telematics‐based educational and training
service for Information and Communications Technology (ICT) in Europe by developing remote accessed
laboratories in multiple disciplines. The students will be able to interact with the remote experiment,
change parameters and in some cases modify and design experiments. The network architecture of
RIPLECS platform enables the world‐wide distribution of resources, in terms of lab‐experiments, by
utilizing multiple Web servers at several universities in Europe, within a single network topology. Thus,
instructors from different European countries can take the advantages of employing a running lab‐
experiment and present it in their native language and personal educational point of view. Obviously,
each supervisor will have the opportunity to review his users’ performance by his own criteria, according
to the assessments rules for each experiment.
With the integration of telecommunication technologies and computer science, remote laboratories can
be developed and accessed through Internet in real time, ensuring a richer collaborative experience for
the student while avoiding some of the growing limitations of traditional laboratories, such as the lack of
enough work area, expensive instrumentation, lack of personnel, time assigned to a laboratory, and
their availability in non‐working office hours. With remote labs, there is an increased possibility to
achieve an EU standard for certain courses or curricula. They reduce the pressure on the resources of
the participating institutes. Thus, the overall goal of the RIPLECS project is to provide an effective
integration of ICT and Open Educational Resources (OER) in the participating higher education
institutions by enabling open educational resources for virtual campuses in order to share learning
objects and make it easily accessible at European level and strengthening virtual mobility by integrating
access to remote laboratories and the realization of practical tasks performance in courses from the
complete master degree program.
This contribution reports on an innovative remote laboratory system, known as Virtual Instrument
Systems in Reality (VISIR) [2‐5], which will be a major player in the practices of the new developed
master course within the RIPLECS project. VISIR is a remote laboratory project for wiring and measuring
electrical and electronics circuits on a virtual breadboard. The VISIR project [6] has been launched by the
Blekinge Institute of Technology (BTH) in Sweden at the end of 2006. So far, six universities have already
implemented VISIR after Blekinge Institute of Technology (BTH) [2] and a Special Interest Group of VISIR
(SIG VISIR) [7] has been created by The International Association of Online Engineering (IAOE) in order to
foster the collaboration within the community and the project dissemination. In this contribution, a
description on the VISIR is provided along with its role in the power electronics circuits practices of the
subjects “Power Supply for Electronics Equipment” and “Industrial Communications” within the new
developed master of the RIPLECS project.
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2. Virtual Instrument Systems in Reality (VISIR)
VISIR is a remote laboratory for wiring and measuring electronics circuits on a breadboard remotely.
The user designs and constructs his circuit by a PC‐mouse on a seamless simulated workbench that
resembles the real lab elements and components. Once the designed circuit is submitted, it is sent to be
verified then to be wired and measured by real instruments, and finally, to be received by the user on
his PC‐screen on real‐time. The common traditional instruments in an undergraduate engineering
laboratory for electric and electronic circuits are: a power supply, a function generator, a digital multi‐
meter (DMM), a breadboard and an oscilloscope. In VISIR, The lab workbench instruments are replaced
with PXI (PCI eXtensions for Instrumentation) equipment platform [8] suited for remote control as
shown in Figure 1.

Figure 1. A PXI platform substituting the traditional instruments in an undergraduate engineering laboratory for electric and
electronic circuits.

In addition, a relay switching matrix is connected to the PXI equipment platform. The matrix connects
the terminals of the digital PXI instrument cards together with the components installed in it to the
required nodes in order to build a circuit. It acts as a wiring‐robot which receives the commands sent to
it through the USB port and interprets them to a physical wiring as shown in Figure 2. VISIR is an open
source project , which offers a software distribution released under a GNU GPL license. Thus, BTH has
assigned a web page for its software development and installation [9] to allow other universities and
organizations to study its source and co‐operate in its development. All the software packets and codes
are available to be downloaded from this web page. In addition, the installation manual “VISIR
Installation and Start‐UP Guide” has been released and distributed within the SIG VISIR mailing list.
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Figure 2. The role of relay switching matrix in wiring an electronic circuit on a breadboard.

Next, the software operation cycle is going to be discussed defining the role of each component
according to the whole operation process starting from the client login until receiving the results back
on the client screen.
A. User Interface
It is the webpage of VISIR through which user can access to the experiment client, it is written in PHP
against MySQL and hosted in the webserver (Apache) assigned for VISIR. It acts as a Learning
Management System (LMS) in which the lab contents are arranged and through which they are
accessed. Thus, it provides smart tools to ease the VISIR integration in the learning process, which is
going to be discussed in the next section.
B. Experiment Client
It is a package integrated in the VISIR webpage and created by Adobe Flash. It represents the entire
laboratory workbench (with all its instruments, components and breadboard simulated) through an
HTML page as an embedded object. Client chooses the instrument module with which he is familiar
regardless to its model or manufacturer and starts to design his circuit. When the client gets his
circuit ready and clicks on the “perform experiment” button, the client PC (experiment client) starts
to call the “measurement server” (see the next sub‐section) through experiment protocol. The
experiment protocol is an XML based protocol, which use either XML Socket API or HTTP (the actual
configuration) over TCP/IP to transport the requested data to the measurement server. The
experiment protocol transmits all the instruments adjustment and configuration and the circuit
design through an XML‐based message.
C. Measurement Server
It is a software program written for Microsoft Windows in C++ using Microsoft Visual C++. It receives
the measurement requests from the experiment client on the TCP port 2324, each request is sent in a
separate TCP session, thus, connect and disconnect are required for every request made to the
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server. The requests/responses should not exceed 64 KB in size. The role of the measurement server
can be illustrated in the following points:








Authentication: at each request, it verifies that the client is a valid user by validating the
client cookie generated by the web server against the database (this module is not available
in the current version).
Validation: it acts as a virtual instructor; it compares the received circuit data with the max
lists before sending it to be executed on the real instruments, to avoid any damage to
instruments. The max lists are created by the administrator (or teacher) to define the
permitted values of the circuit components and instruments. This lets him to be the only
responsible for any damage.
Time‐sharing: it can handle requests from 16 simultaneous clients with less than a second
(1/16 second is the maximum time for each request) by queuing all simultaneous requests
and perform them sequentially with regard to priority, reservation, etc.
Control: after validating and queuing all the requests, it starts to handle them either directly
using GPIB module or sending them sequentially over TCP/IP to the “equipment server” (see
the next section). In the second case the measurement server acts as a gateway and could
serve more than one equipment server.

D. Equipment Server
It is a stand‐alone equipment controller that handles low level instrument interfaces and hosts all the
instrument hardware together with the relay switching matrix. It is divided into three parts, the PXI
platform, the relay switching matrix and the PC that handles the communication among them with
server software installed in it. The server software is written in LabVIEW and all the instrument
drivers installed in the LabVIEW are IVI (Interchangeable Virtual Instruments) compliant [10]. IVI
describes the base class capabilities and class extension capabilities of the lab hardware and enable
interchangeability between different platforms (PXI, GPIB, LXI, etc.) and different instruments
manufacturer types (National Instruments, Agilent, Tektronix, etc.) The equipment server receives a
validated sequential experiment protocol requests from the measurement server in separate TCP
sessions over TCP/IP through the TCP port 5001 and executes it through the connected instruments.
Since it communicates with the measurement server by TCP/IP, it could be run on a separate
machine. The results return back to the client screen with the same sequence. The whole operation
cycle can be summarized as shown in Figure 3.
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Figure 3. The overall software operation cycle of VISIR.

As mentioned earlier, the well‐structured user interface of VISIR provides smart tools to ease its
integration and direct deployment in the learning process and the academic courses. It acts as a LMS to
organize lab contents and to provide additional learning resources such as videos, documents, and
others. The user interface provides the following user accounts.
A. Administrator account
It is the account of the lab organizer and distributer. VISIR can have one or more administrator
account. The administrator account has the following privileges:
Design the lab web pages contents through the WIKI markup syntax.
Upload files, videos, manuals, etc. this can be done by uploading them to the webserver
(apache) and link them to the PHP code of the Page.
Create, update and delete courses indicating the start and the end date of the course, the
maximum users and seats.
Assign teacher and instructor accounts for each course.
Modify or remove any user account.
In any course, administrator account can switch to “teacher view” and consequently, could
have on that course all the teacher privileges which are going to be discussed afterwards.
B. Teacher account
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The teacher account is created by the administrator and linked to a certain course and it has the
following privileges within that course:
Add and remove experiments. This is done by choosing the allowed components to
appear to the student in each experiment.
Add, remove and modify student accounts.
Make teacher scheduled reservation: Teacher reserves a number of seats within an
interval of time so that he/she could put his/her students in groups and assign an
instructor to each group. These seats are seen to the student with the teacher’s
name. Accordingly, the student chooses his group and reserves his seat.
Teacher can switch to “student view” to make sure of the contents seen by student.
C. Student/Instructor account
It is created by the teacher and linked to a certain course. It is only permitted to access experiments
that are created by the teacher within that course. The student likewise can make a scheduled
reservation separately or reserve a seat belonged to a scheduled reservation of a teacher.
D. Guest account
It is a public limited trial account created by the administrator and doesn’t require registration. It
could be accessed by anybody to try a certain available experiments prepared by the teacher
assigned to that account.

Page 8

M Tawfik, et. Al., ‐ Tele‐manipulating Power Electronic Circuits Using VISIR

3. Power Electronics Background
Power semiconductor devices (Operational Amplifiers (Op Amp), Diodes, Thyristor, Gate Turn‐Off
Thyristor (GTO), Triac, Reverse‐ Conducting Thyristor (RCT) and Asymmetrical Silicon‐ Controlled
Rectifier (ASCR), , MOS‐Controlled Thyristor (MCT), Bipolar Junction Transistors (BJT) and Darlingtons,
Metal‐Oxide‐Semiconductor Field‐Effect Transistor (MOSFET), Insulated‐Gate Bipolar Transistor (IGBT)),
in combination with Passive Components (Resistors, capacitors, inductors, and transformers) are used to
build Integrated Circuits (ICs) for high‐power and high‐frequency applications. Power semiconductor
devices are the most important functional elements in all power conversion applications. The power
devices are mainly used as switches to convert power from one form to another. They are used in motor
control systems, high‐voltage dc transmission, power supplies, induction heating, and in many other
power conversion applications. Next a brief description of the common semiconductor devices is
provided.
Operational Amplifier (Op Amp): a high‐gain DC coupled amplifier with a differential input and
single‐ended output. In nearly all amplifier applications, the op‐amp is used with negative
feedback (“closed‐loop”), so that the closed‐loop gain of the amplifier depends primarily on the
feedback network components, and not on the op amp itself. It is widely used as a basic building
block in electronic designs.
Diode: a two‐terminal device that permits the flow of electric current in only one direction.
Diodes are most often constructed by abutting n‐type and p‐type regions of a semiconductor
that has significantly higher electrical conductivity in one direction (forward‐biased) than the
other (reverse‐biased). Diode devices may be specially designed for low‐power, high switching
speed applications (signal diodes) or higher‐power applications (rectifier diodes).
Thyristor: a controllable four‐layer (pnpn) power semiconductor switching device that can only
be on or off, with no intermediate operating states like transistors. It has three terminal nodes:
anode, cathode, and gate. It is turned on by applying a short current pulse into the gate. Once
the device turns on, the gate losses its control to turn off the device. Turn‐off is achieved by
applying a zero or reverse voltage across the node and cathode. Gate Turn‐Off Thyristor (GTO) is
a thyristor that can be turned off with a negative gate current while conducting current in the
forward direction providing a higher frequency operation than thyristors. Triac is a power switch
that is functionally a pair of converter‐grade thyristors connected in anti‐parallel. Triacs are
mainly used in phase control applications such as dimmer switches for lighting. Because of the
integration, the triac has poor reapplied dv=dt, poor gate current sensitivity at turn‐on, and
longer turn‐on time. They are primarily used for AC power control with resistive loads, such as in
light dimmers. Integrated Gate‐Commutated Thyristor (IGCT) is a special type of thyristor similar
to a GTO. They can be turned on and off by a gate signal, have lower conduction loss as
compared to GTOs, and withstand higher rates of voltage rise (dv/dt), such that no snubber is
required for most applications.
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MOS‐Controlled Thyristor (MCT): voltage‐controlled four‐layer (pnpn) device for medium power
(700 A) and medium speed (20 kHz) applications, with projections to 2000 A and 100 kHz. Unlike
transistors, MCTs can only be on or off, with no intermediate operating states. The MCT has high
current handling capabilities, a low forward voltage drop, and low gate drive requirements (no
large negative gate current required for turn off).
Bipolar Junction Transistors (BJT): a three‐terminal nonlinear device composed of two bipolar
junctions (collector‐base, base emitter) in close proximity. In normal operation, the voltage
between base and emitter terminals is used to control the emitter current. The collector current
either equals this (with BC junction in reverse bias), or goes into saturation (the BC junction goes
into forward bias). Used for medium power (700 A) and medium speed (10 kHz) applications. In
power electronics applications, BJTs are typically operated as switches, in either their fully on or
off states, to minimize losses. The base current flowing into the middle of the device controls
the on–off state, where continuous base current is required to be in the on state. A
disadvantage is the low current gain. The base current is generally much smaller than collector
and emitter currents, but not negligible as in MOSFETs. Darlingtons is a combination of two
bipolar junction transistors (BJT) where the emitter current of one transistor drives the base of
the second transistor. The arrangement reduces the current required from the base driver
circuit, and the effective current gain of the combination is approximately the product of
individual gains. The configuration can be made from two discrete transistors or can be obtained
as a single integrated device.
Metal‐Oxide‐Semiconductor Field‐Effect Transistor (MOSFET): a transistor that uses a control
electrode, the gate, to capacitively modulate the conductance of a surface channel joining two
end contacts, the source and the drain. The gate is separated from the semiconductor body
underlying the gate by a thin gate insulator, usually silicon dioxide. The surface channel is
formed at the interface between the semiconductor body and the gate insulator. Used for low
power (200 A) and high speed (1 MHz) applications. In power electronics applications, MOSFETs
are typically operated as switches, in either their fully on or off states, to minimize losses. The
gate is insulated from the semiconductor portion to enable faster switching. A gate‐source
voltage permits a current to flow between the drain and the source, where continuous gate
voltage is required to be in the on‐state. The primary disadvantage is the high forward voltage
drop. The “metal” in MOSFET refers to the gate electrode, which was fabricated from a metal in
early MOSFETs, but is now typically fabricated from a material such as polysilicon.
Insulated‐Gate Bipolar Transistor (IGBT): a hybrid electronic switch that has the high input
impedance and high speed characteristic of a MOSFET with the conductivity characteristic (low
saturation voltage) of a bipolar transistor.
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Figure 4. Semiconductor Devices.

Power conversion deals with the process of converting electric power from one form to another.
The power electronic apparatuses performing the power conversion are called power converters.
Because they contain no moving parts, they are often referred to as static power converters. The
power conversion is achieved using power semiconductor devices, which are used as switches. The
power converters are generally classified as:
A. ac‐dc converters (Rectifiers)
They convert an alternating voltage of variable amplitude and frequency to a variable dc
voltage. The power devices used for this application are generally silicon‐controlled rectifiers
(SCRs). The turn‐on of the SCR is achieved by providing a gate pulse when it is forward‐biased.
The turn‐off is achieved by the commutation of current from one device to another at the
instant the incoming ac voltage has a higher instantaneous potential than that of the outgoing
wave. Thus there is a natural tendency for current to be commutated from the outgoing to the
incoming SCR, without the aid of any external commutation circuitry. This commutation process
is often referred to as natural commutation.
B. ac‐ac converters
There are circuits that will convert directly from one ac frequency and voltage to another ac
frequency and voltage. These are known as cyclo‐converters and matrix converters. However,
they are not as attractive as might at first appear because they use a greater number of
semiconductor switches that indirect methods of ac/ac conversion. The term direct means that
the energy doesn’t appear in any form other that ac input or ac output.
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C. dc‐ac converters (inverters)
The dc‐to‐ac converters are generally called inverters. The ac supply is first converted to dc,
which is then converted to a variable‐voltage and variable‐frequency power supply. Inverters
can be classified as voltage source inverters (VSIs) and current source inverters (CSIs). A voltage
source inverter is fed by a stiff dc voltage, whereas a current source inverter is fed by a stiff
current source. A voltage source can be converted to a current source by connecting a series
inductance and then varying the voltage to obtain the desired current. A VSI can also be
operated in current‐controlled mode, and similarly a CSI can also be operated in the voltage‐
control mode. The inverters are used in variable frequency ac motor drives, uninterrupted
power supplies, induction heating, static VAR compensators, etc.
D. dc‐dc converters (choppers, buck and boost converters)
DC‐dc converters are used to convert unregulated dc voltage to regulated or variable dc voltage
at the output. They are widely used in switch‐mode dc power supplies and in dc motor drive
applications. In dc motor control applications, they are called chopper‐controlled drives. The
input voltage source is usually a battery or derived from an ac power supply using a diode bridge
rectifier. These converters are generally either hard‐switched PWM types or soft‐switched
resonant‐link types. There are several dc‐dc converter topologies, the most common ones being
buck converter, boost converter, and buck‐boost converter.
A classification of the typical applications of power electronic converters from a low‐ to high‐power
group is given in Figure 5.

Figure 5. Classification of the power converter applications [11].

Page
12

M Tawfik, et. Al., ‐ Tele‐manipulating Power Electronic Circuits Using VISIR

4. VISIR Capability and Limits
In the last section the main components of building power electronic circuits (power supplies,
converters, etc.) have been discussed. In this section, an analysis on the VISIR capacity and limitations
for building power electronic circuits is going to be conducted VISIR contains the common traditional
instruments for power electronic circuits, which are: a power supply, a function generator, a digital
multimeter (DMM), a breadboard and an oscilloscope. All these instruments have a graphical user
interface (GUI) that mimic the real instrument as shown in Figure 6.

Figure 6. GUI of VISIR.

Thus the first restriction is the number of instrument used. For instance it is not possible to build the
citcuit in figure 7 with VISIR. The second restriction is the maximum permitted values of the power
supply (+/‐ 25v, 0.5 amp) and the function generator (10 Vpp, 1MHZ).
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Figure 7. Amplifier circuit with two Ac source inputs.

A relay switching matrix can hold up to 16 component boards, and a component board can hold up to
(12 terminals of DPST relays) + (8 separate terminals either of DPST or SPST relays ). Components such
as resistors, capacitors, inductors, and diodes occupy 2 terminals, while components such as thyristors,
transistors, amplifiers, and transformers occupy more terminals. The component board is shown in
Figure 8. In addition, extra nodes are provided to mount more complex component such as amplifier,
transformer, or even a whole circuit, then connect it’s I/P and O/P to the relays as shown in figure 8.

Figure 8. Components connected in the component board.
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Owing to the mentioned restrictions, most of the complex power electronic circuits for engineering
practices could be easily built by VISIR. For instance, Figure 10 shows a common collector BJT circuit
mounted by VISIR.

Figure 9. Common collector BJT circuit mounted by VISIR.
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5. Deployment of VISIR in the RIPLECS New Master Program
The RIPLECS project creates a telematics‐based educational and training service for ICT in Europe by
developing remote accessed laboratories in multiple disciplines. The network architecture of RIPLECS
platform enables the world‐wide distribution of resources, in terms of lab‐experiments, by utilizing
multiple Web servers at several universities in Europe, within a single network topology. The overall goal
of the RIPLECS project is to provide an effective integration of ICT and OER in the participating higher
education institutions by enabling open educational resources for virtual campuses and strengthening
virtual mobility by integrating access to remote laboratories and the realization of practical tasks
performance in courses from the complete master degree program.
“Power Supply for Electronics Equipment” and “Industrial communications” are two subjects within the
new master programs that deal with power electronic circuits, converters and power supplies. The next
tasks within the RIPLECS project are to apply VISIR the practices of both subjects. The proposed practices
are:






Basic electric circuit’s practices: measuring current, resistance, and voltage in circuits with
resistors, capacitors, inductors, and transformers, applying AC or DC power supply.
Basic electronic circuit’s practices: measuring and wiring circuits with semiconductor devices
such as diodes, Thyristors, and amplifiers.
Transistors circuits: BJT, MOSFET, IGBT, FET
Converters circuits; AC/DC, DC/ AC, DC/DC, AC/AC
Power supplies circuits: Uninterruptible power source (UPS).
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