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Title— Remote Experimentation in the Electronic Engineering
Field: VISIR@UNED
Abstract—Practical sessions form an intrinsic part in
engineering curricula. Recently, with the explosion of E-Learning
technologies, remote laboratories have been adopted at many
universities in order to optimize equipment utilization and
eliminate time and location constraints. In addition, many values
have been added to remote laboratories by integrating them with
an educational framework to extend their features and to provide
more services such as: assessment, administration, security,
friendly user interface, as well as synchronous and asynchronous
communication tools. Virtual Instrument Systems in Reality
(VISIR) is a state-of-art remote laboratory that allows wiring and
measurement electric and electronic circuits on a breadboard by
means of a relay switching matrix that handles instruments and
components terminal connections with regard to the on-line
received commands from the user. The user interface assembles
the real workbench by means of simulation; the control is simply
carried out by a PC-mouse which increases student engagement.
Even though, the student is working on real equipment.
Moreover, VISIR comes with a seamless framework that provides
administration, profiles, scheduling, and other services, which
facilitate its deployment in education. This paper reports on the
VISIR deployment in the electronic engineering field at Spanish
University for Distance Education (UNED) addressing the
benefits, the drawbacks and the students’ perceptions.
Index Terms—E-Learning, engineering education, remote
laboratories, VISIR.

T

I. INTRODUCTION

HE emergence of internet and computer technologies has
introduced new features to the distance education and
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transformed it to an interactive education known as “ELearning” which allows permanent and ubiquitous
communication between teachers, students and learning
materials. Recently, with the progress of E-Learning, new
solutions have been developed which are able to eradicate the
necessity of the traditional classrooms. Moreover, they are
getting more acceptances owing to the facilities they provide.
Among those solutions, we can address the virtual and Remote
Laboratories.
Virtual Instrument Systems in Reality (VISIR) [1] is a
remote laboratory for designing, wiring and measurement of
electronic circuits. The project was launched by the end of
2006 by the Signal Processing Department ASB at Blekinge
Institute of technology (BTH) in Sweden together with
National Instruments in USA (as a supplier of instruments) and
Axiom EduTECH in Sweden (as a supplier of education,
technical software, and engineering services for noise and
vibration analysis). The project was financially supported by
BTH and the Swedish Governmental Agency for Innovation
Systems (VINNOVA). An identical simulation of the real
equipment and instruments appears on the student PC-screen
that makes him familiar with the real instrument models and
types. The student starts to adjust the instruments and wires his
circuit with his PC-mouse. Then, VISIR converts the student’s
design to a real wired circuit and sends to him, on his PCscreen, the measurement results. Thus, VISIR creates a real
electronic lab environment to the student which can be
accessed at any time and from anywhere as long as the student
have a PC connected to internet.
So far, six universities have already implemented VISIR
after Blekinge Institute of Technology (BTH) [2]; Carinthia
University of Applied Sciences and FH Campus Wien
University of Applied Sciences, both in Austria, Polytechnic
Institute of Porto (ISEP) in Portugal, University of Deusto and
Spanish University for Distance Education (UNED), both in
Spain, Indian Institute of Technology Madras (IIT-M) in India.
Whereas, the following Universities have shown their interest
in participating in this project but they have not implemented it
yet; University of Genoa in Italy, Princess Sumaya University
for Technology in Jordan, Gunadarma University in Indonesia,
Institute for the Development of New Technologies
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(NINOVA) in Portugal, College of the North Atlantica in
Qatar, and others.
This paper provides an overview on the VISIR project
pointing out the system functionality and its implementation in
the electronic engineering practices of the electric and
computer engineering department at Spanish University for
Distance Education (UNED). The rest of the paper is divided
into six main sections. Section II addresses the related work.
Section III gives a brief overview on the system description
and operation cycle. Section IV describes the tools provided
by VISIR for its implementation in education. Section V
provides a case study example. Section VI discusses the VISIR
deployment and experiences at UNED. Finally, a conclusion
and the future works are stated in section VII.
II. RELATED WORKS
For electric and electronic circuits experiments the main
obstacle was in wiring and designing these circuits remotely
without real and physical interaction. The following projects
have managed to tackle this issue:
1) NetLab [1]: it is a remote collaborative laboratory that
allows electric and electronic circuit’s wiring and
measurement. The instrumentation platform is based on
General Purpose Interface Bus (GPIB-IEEE-488.2). In
addition, a 16x16 programmable relay switching matrix from
Agilent (www.agilent.com) to switch the connection between
the components and the instruments. Laboratory Virtual
Instrumentation Engineering Workbench (LabVIEW) is the
software used for instrumentation control and the
communication is based on Virtual Instrumentation Software
Architecture (VISA) standard. The software application is
written in JAVA and requires the installation of Java Runtime
Environment (JRE) on the user-PC. A Web- Cam is included,
which has its own web server and it is fully controllable by the
user. A chat window is provided within the software
application; it displays the names of all logged-on users,
including administrators. A booking system is also provided
within the software application. The available components are:
resistors,
capacitors,
inductors,
transformers,
and
programmable variable resistors. Other components can be
easily added or removed.
2) NI ELVIS II [3]: it is a versatile design and prototyping
educational integrated platform released by National
Instruments (www.ni.com/). It is suited for remote control and
integrated with 12 of the most commonly used laboratory
instruments (oscilloscope, DMM, function generator, power
supply, dynamic signal analyzer, a bode analyzer, 2- and 3wire current voltage analyzer, arbitrary waveform generator,
digital reader/writer, and impedance analyze). It has a variety
of experiment plug-in boards and kits from National
Instruments and from other third-party companies, for teaching
concepts in control, telecommunication, fiber optics,
embedded design, bioinstrumentation, digital electronics, and
Field-Programmable Gate Arrays (FPGAs). NI ELVIS II
supports unlimited number of applications for multiple

disciplines by means of the plug-in boards. LabVIEW is the
software for the instrumentation control and thus, remote
control is allowed. Mounting circuits on the plug-in boards of
NI ELVIS II must be done by hands. In [4], a relay switching
matrix has been developed for NI ELVIS (the older version) to
allow instruments to measure voltage or currents at different
nodes of the circuit remotely.
NetLab, however, is limited to a maximum of 16 two leads
components and it does not allow a flexible wiring and
measurement on a breadboard. Likewise, NI ELVIS II is a
static system that does not provide the flexibility of wiring
circuits on a breadboard, nor switching between components
remotely. The unique feature of VISIR is the flexibility
provided by allowing wiring and measurement on a
breadboard and by supporting a wide range of electronic
circuit components. In the next sections, the system description
and operation cycle of VISIR are defined.
III. SYSTEM DESCRIPTION AND OPERATION CYCLE
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 suited for remote
control as shown in Fig. 1. 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 Fig. 2. VISIR
is an open source project [5], which offers a software
distribution released under a GNU GPL license. Thus, BTH
has assigned a web page for its software development and
installation [6] to allow other universities and organizations to
study its source and co-operate in its development. All the

Fig. 1. A PXI platform substituting the traditional instruments in an
undergraduate engineering laboratory for electric and electronic circuits.
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protocol transmits all the instruments adjustment and
configuration and the circuit design through an XML-based
message.

Fig. 2. The role of relay switching matrix in wiring an electronic circuit
on a breadboard.

software packets and codes are available to be downloaded
from this web page. In addition, the installation manual
“VISIR Installation and Start-UP Guide” [7] has been released
and distributed within the VISIR Special Interest Group (SIG
VISIR) mailing list [8]. 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
[9].
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 subsection) 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

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
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. IVI describes the base class capabilities and class
extension capabilities of the lab hardware and enable
interchangeability between different platforms (PXI, GPIB,
LAN eXtensions for Instrumentation (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
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return back to the client screen with the same sequence. The
whole operation cycle can be summarized as shown in Fig. 3.
IV. IMPLEMENTATION IN EDUCATION
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:
1) Design the lab web pages contents through the WIKI
markup syntax.
2) 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.
3) Create, update and delete courses indicating the start
and the end date of the course, the maximum users
and seats.
4) Assign teacher and instructor accounts for each
course.
5) Modify or remove any user account.
6) 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
The teacher account is created by the administrator and
linked to a certain course and it has the following privileges
within that course:
1) Add and remove experiments. This is done by
choosing the allowed components to appear to the
student in each experiment.
2) Add, remove and modify student accounts.
3) 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.
4) 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.

Fig. 3. The overall software operation cycle of VISIR.
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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.
V. CASE STUDY
As mentioned previously, the student designs his circuit
through a flash simulated lab workbench in which all the
instruments, components, wires and breadboard are simulated.
The student controls the entire workbench by the PC-Mouse to
build his circuit. Afterwards, when he presses on the “perform
experiment” button the circuit is sent to the real equipment
with the same sequence explained in the previous section. And
the results return back to be seen on the virtual instruments by
the student PC-Screen. For instance, Fig. 4 shows a half wave
rectifier circuit with R-C load and the corresponding
connection on the virtual breadboard and the reading of the
virtual oscilloscope [10].
VI. VISIR@UNED
During the last academic years, the students of the subject
“Electronic Circuits and components”, a first year subject of
the Technical Industrial Engineering career, now in extinction,
used VISIR installed at University of Deusto. This was
possible thanks to an agreement between both universities. The
objective was to evaluate the capacity of VISIR for providing
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online remote labs to the students. About 40 students have
been using VISIR of Duesto during 2 entire days each year
without any kind of problems. Moreover, VISIR was capable
of realizing complex circuits within the practices of the subject
such as:
• Half-wave Rectifier with and without filter.
• Regulator with zener diode.
• Inverter and non-inverter operational amplifier.
• Operational amplifier as a driver.
• Common emitter BJT.
• Common collector BJT.
The results were very satisfactory. The students could
realize their practical tasks without any time delay problems
(at real-time). They could repeat their experiments varying the
values, all the time they needed during the 2 days. Many of
them revealed that they would like to use this system for other
subjects. The average results of a Google survey that was
carried out among the students of that subject that had used it
is seen in Table I. we deduced that they enjoyed the experience
and it produced a higher motivation of learning among the
students.
Therefore, the Electrical and Computer Engineering
Department at UNED decided to install its own VISIR for our
own electronic practices. The department installed VISIR in
December of 2010. The equipment is now fully functional and
the described labs are now scheduled as a mandatory prelaboratory work for students of the new subject, “Foundations
on Electronic Engineering”, of the third academic course of
the new Electronic Engineering Grade of bologna. They will
use VISIR to take a first approach to the instrument and the
typical ways of work in a real Electronics laboratory.
Afterwards they will repeat the same practices in the real
laboratory at the department. Hopefully, this procedure will
allow the students to gain more efficient experimentation skills
during their first electronics practices. On the other hand, the
department is working on the expansion of VISIR deployment
on the practices of engineering grades subjects to include more
number of student and more complex circuits [11].
TABLE I
UNITS FOR MAGNETIC PROPERTIES
Questions

Fig. 4. Wiring a half-wave rectifier circuit using VISIR.

VISIR was useful for studying and preparing the
subject?
It helped me to understand the subject contents?
It is useful for trying more circuits without any fear
of errors?
It is always available?
It improved my real practical skills?
It ensured my practical understanding after the
traditional lab sessions?
It satisfied my perceptions about this kind of labs?
It must be used in other subjects?
I recommend it to other students?
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out of 5
4.28
3.92
4.78
4.78
4.64
4.28
4.42
4.64
4.78

44

Actas Workshop Guimarães 2011
VII. CONCLUSION AND FUTURE WORKS

VISIR allowed student from several universities to develop
their lab knowledge by using it individually or combining it
with real labs. UNED, University of Deusto and Polytechnic
Institute of Porto (ISEP) have shown significant results of
deploying VISIR on the electronic practices [11]-[13]. VISIR
software is an open source to catalyze other institutions and
researchers to study it and work on it development. Thus,
further efforts are being made out and in progress by the
universities within the VISIR communities. Among these
efforts we can address:
Grid Laboratory: Mounting electronic circuits and
components on the relay switching matrix is limited owing to
the limited number of nodes and component boards. However
the project founders proposed an excellent solution. It aims to
connect all VISIR systems installed at all the universities and
institutions within the community to create a grid laboratory
shared and accessed by all the participants as shown in Fig. 5.
This would allow to make the most of VISIR and to expand its
application range. Every university could install certain
circuits and utilize other type of circuits installed at other
university and vice versa [1].
Integration with iLab: The iLab Shared Architecture (ISA)
developed by the Massachusetts Institute of Technology (MIT)
allows access to various online laboratories at distinct
institutions through a single web interface that handles all the
common services provided by online laboratories
(authentication, scheduling, security, etc.). The architecture is
based on using web services to communicate with nonhomogenous lab systems. The System Engineering Department

Fig. 5. VISIR grid laboratory.

at Carinthia University of Applied Science together with BTH
are working on the integration VISIR into ISA framework to
provide users form iLabs Community the possibility of
deploying and using VISIR in their ISA framework and to take
the advantages of the services provided by ISA. Also, this
integration will allow sharing of VISIR with a high load
capacity in an efficient way [14], [15].
Integration with LMS: The Electrical and computer
engineering department at UNED is researching into the
integration of the services provided by the VISIR interface
with those provided by LMS. By this way, users could access
to VISIR through the LMS with a single sign-on and every
account type in the LMS (teacher, student, administrator, etc.)
would have the same privileges of its equivalent account type
in VISIR interface. This would allow the utilization of the
provided LMS services besides the lab work to create a rich
integrated online educational platform, Fig. 6. The objective is
to integrate it in its own LMS based on DotLRN (ALF) [16],
[17].
VISIR-LXI: University of Deusto is developing a new LXIbased VISIR system, Fig.7, in which all the instruments are
replaced with IVI drivers instruments (instead of NI) and LXI
complaint. The connection between the server and the
instruments is through a standard Ethernet connection, and IP
addresses are used to identify each instrument. The Proprietary
relay switching matrix of VISIR is replaced with a commercial
one consisting of two dual 4X16 matrixes 34932A. The aim is
to reduce the cost of the PXI instruments and the proprietary
relay switching matrix and increase the system flexibility.

Fig. 6. Combining common services provided by VISIR and LMS.
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[11]
[12]

[13]
[14]
[15]

Fig. 7. LXI-based VISIR.

[16]

Moreover, this architecture will permit the system integration
into WebLab-Deusto architecture, which would make it easily
integrated to an LMS [18], [19].

[17]
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