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Abstract—This paper presents a thorough study on the available
lab server software technologies for the design of remote
laboratories. The paper focuses on the common outstanding
technologies applied for this purpose such as LabVIEW and
MATLAB. The paper addresses as well on other solutions such as
high-level programming languages, e.g., C/C++ and .NET
languages, pointing out the advantages, limitations, and
applications of each. This is in order to ease the selection of the
appropriate software when designing a remote lab. Furthermore,
the paper points out applications in which various technologies
are adopted in order to make use of the exclusive features of
each. The study is preceded by a brief overview on the main
hardware and software components in the construction of today’s
remote laboratory for engineering practice to emphasize the role
of the controller server in the lab operation.
Keywords-component; distance education; e-learning; on-line
learning; Remote Laboratoy

I.

INTRODUCTION

Over the last decade, and with the evolving of computer
and communication technologies, we have witnessed
significant breakthroughs in the development of remote
laboratories and in their adoption in engineering education. The
paradigm of this adoption is more likely to rise and the way is
irreversible. This is owing to the role of remote laboratories in
removing the administration and cost burdens that hinder the
adoption of hands-on lab sessions in engineering education.
In the literature [1]-[3], several studies have been carried
out on dozens of remote laboratories, in multiple disciplines,
that are installed at several universities around the world. This
could not only justify that remote laboratories development and
adoption have reached its maturity, but also, it could prove that
there exit several solutions in a competitive market. For
instance, in [1], state-of-art remote laboratories are listed
according to their disciplines, stating the supporting
technologies and current trends. In [2], a through literature
review has been carried out on 42 remote laboratories
developed in the past ten years. The review encompasses their
classification per scientific field, programming languages, and
communication tools. In [3], a remarkable study has been
realized on the client software technologies for building a
remote laboratory, providing effective comparisons and
opinions of experts. This paper sheds the light on the lab server
software technologies such as LabVIEW (Laboratory Virtual
Instrumentation Engineering Workbench), MATLAB (Matrix

Laboratory), and high-level programming languages. The paper
points out the exclusive features and limitations of each, with
applications examples, in order to ease the selection of the
appropriate software when designing a remote lab.
II. COMMON REMOTE LABORATORY ARCHITECTURE
Remote laboratories are those laboratories that can be
controlled and administrated online. They differ from the
virtual simulated laboratories as they are interacting with
physical instruments. The common generic architecture design
of today’s remote laboratory could be structured as shown in
Fig.1. Next, a comprehensive definition of the main
components of this architecture is going to be presented,
pointing out the available technologies they mostly rely on.
A. User Interface
The user interface is a virtual end-user workbench that
handles all the lab administration process. It is a web site that
runs on the user’s web browser and usually requires a serverside programming language to retrieve user’s data from
database such as PHP, ASP, and JSP, along with a Graphical
User Interface (GUI), which is built by an animation
technology embedded in the HTML code to resemble the real
laboratory workbench such as Flash, Java Applets and MS
Silverlight. Other scripting languages commonly used are:
JavaScript; it adds interactive elements to the web page without
relying on the server, and AJAX; it retrieves information from
the server in an efficient way and without needing to refresh
the web page. The website could be supplanted by a software
application written in JAVA, .NET or C/C++ languages which
is installed on the user-PC and connected to a database server
(application server).
B. Web Server
The web server is a server-PC that hosts the web site and
the database files. Apache and Microsoft IIS are the most
commonly used servers, while MySQL, Microsoft SQL, and
Oracle, are the most commonly used databases. The web server
sends the user requests to the lab server in the form of XML
messages through TCP/IP model over HTTP layer. Other
attempts have been made to use non-HTTP based protocols
such as Common Objective Request Broker Architecture
(CORBA), Java Remote Method Invocation (RMI), .NET
Remoting, and TCP/IP sockets. Some of these technologies,
however, are restricted to local networks only [3].
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Figure 1. The common generic architecture design of today’s remote laboratory.

C. Lab Server
The lab server is a server-PC that hosts the instrumentation
control software (lab server software) and it is connected
directly to the instruments and the controller. The
instrumentation control software sends commands to the
controller regarding the received requests or the programmed
code from the user. The instrumentation control software could
be built from scratch with a multi-purpose programming
language such as C# and C/C++, or with graphical
programming environment such as LabVIEW and
MATLAB/Simulink. Or else, it could be proprietary software
that comes with the controller. The instrumentation control
software is connected to the controller and the instruments by
Universal Serial Bus (USB), RS-232, Ethernet, General
Purpose Interface Bus (GPIB-IEEE-488.2), serial port, parallel
port, etc. depending on the controller or the equipment
platform. There are several modular types of instrumentation
platforms such as PXI (PCI eXtensions for Instrumentation),
LXI (LAN eXtensions for Instrumentation), GPIB (General
Purpose Interface Bus or IEEE-488), and VXI (VME
eXtensions for Instrumentation).
D. Controller
The controller is a programmable device that directly
controls the experiment objects and they are suited for all types
of applications. The typically used controllers in remote
laboratories are: Programmable Logic Controller (PLC),
Programmable logic devices (PLDs); Field-programmable Gate
Array (FPGA) and Complex programmable logic device
(CPLD), and Microcontrollers.
E. Object Under Control
It is connected to the controller and to the instruments by
connectors, converters, electronic boards, etc.
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III. LABVIEW
LabVIEW is an industrial leader graphical programming
environment introduced by National Instruments (NI) [4] in
1986 for developing, testing, and controlling systems using
intuitive graphical icons, known as Virtual Instruments (VIs),
which imitate the physical instruments. It is a de-facto standard
in developing measurement applications that allows users to
develop and monitor the behavior of their applications by
dragging and dropping these icons and connecting them
through wires in a block diagram that has a correspondent front
panel window (GUI of the VIs), which acts either as a data
input or a data output. It is based on a graphical dataflow
general-purpose programming language (known as G). G
provides multithreading and multitasking, which presents
major benefits for programming multicore processors and other
parallel hardware such as FPGAs. LabVIEW is scalable across
multiple Operating Systems (OSs) such as Windows, Mac, and
Linux. It offers unrivalled integration with thousands of
hardware devices and provides hundreds of built-in libraries for
advanced analysis and data visualization. To save time and
extend functionality, NI provides more than 50 add-ons of
toolkits and modules for LabVIEW, in addition to hundreds of
add-on tools developed by third-party partners. LabVIEW
comes with hundreds of ready-to-use example VIs. Moreover,
it integrates configurable Express VIs that encompass the most
common functions out of more than 850 built-in signal
processing, analysis, and mathematics functions that simplify
development for a broad variety of applications, that LabVIEW
offers, which significantly reduce the development time and
complexity. LabVIEW allows access to more than 8,000
program examples submitted by fellow developers and NI
engineers. It offers an extensive support for accessing
measurement and test hardware. In addition to NI drivers, more
than 9,000 free drivers for instruments from more than 350
third-party vendors are available online for free download
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through the Instrument Driver Network. In the rare event that a
LabVIEW driver doesn’t already exist, user also can import
drivers from other programming languages to implement his
own driver. LabVIEW supports standard Application
Programming Interfaces (APIs) such as Interchangeable Virtual
Instruments (IVI) and Virtual Instrument Software Architecture
(VISA) to provide interface-independent communication with
different platforms such as GPIB, PXI, VXI, USB, LXI, and
others.
LabVIEW possesses rich and powerful features to ease
laboratories construction. Next, the most popular of these
features are going to be highlighted with references on remote
laboratories applications examples.
A. Web Publishing Tools
LabVIEW provides a built-in web server for publishing the
web pages that allows controlling its front panel directly from a
web browser. The embedded dynamic objects of VIs requires
Run-Time Engine of LabVIEW, which is available for
download from the NI website, that enables the remote panel to
work on the client’s web browser using the LabVIEW remote
panel server, either embedded within a page or via the
LabVIEW web server. If another client is controlling the VI at
the same time, user is queued; if this is the case, the client
operating the VI maintains its control only for a fixed time
determined by the web server developer. DataSocket allows
data exchange between multiple users and applications
efficiently over the internet without the complexity of lowlevel TCP programming. A dialog box of VI server
configuration allows the developer to enable the server and set
its properties such as port number and TCP/IP access privileges
needed for security [5]. However, there exist some drawbacks
associated with the LabVIEW web server: 1) Users have to
download LabVIEW run-time engine in order to see the plug
in; downloading and installing it could prove challenging for
low bandwidth networks. 2) Security issues are not provided.
3) LabVIEW web server is not compatible with other Server
software. 4) Its only compatible with Internet Explorer
browser. Since National Instruments released the LabVIEW
internet server in the late 1990s, development of remote
laboratories became much easier and today many universities
around the world use them as part of their engineering and
science curriculum [6].
B. Mobile Module
The LabVIEW mobile module allows the creation of
custom, user-defined Personal Digital Assistant (PDA)
applications for Palm, Windows Mobile for Pocket PC and
Windows CE devices [7]. This can be done by using the
LabVIEW on the same way it is done for a PC application and
deploying it to a PDA. It also includes some libraries of sub
VIs developed to take advantages of some resources available
on PDAs and Smartphones, like Short Message Services
(SMS) and telephony. In addition, it allows acquiring data from
data acquisition (DAQ) devices and communicates with
external devices through Wi-Fi (802.11), Bluetooth, Infrared
Data Association (IrDA), and serial protocols. It allows
transferring data between a PDA device and various distributed
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targets connected together over a network easily and efficiently
by using shared variables.
C. Database Connectivity Toolkit
The LabVIEW database connectivity toolkit provides an
interface that allows full, dynamic communication with local
and remote databases [8]. It performs common database
operations without having to perform Structured Query
Language (SQL) programming. The database connectivity
toolkit readily connects to popular databases such as Microsoft
Access, SQL Server, and Oracle, and offers complete SQL
capabilities. The database connectivity toolkit works with any
provider that adheres to the Microsoft ActiveX Data Object
(ADO) standard and works with any database driver that
complies with the standard Open Database Connectivity
(ODBC) or Object Linking and Embedding Database
(OLEDB).
D. AppletVIEW Toolkit
LabVIEW applications can be integrated with Java Applets
using AppletVIEW Toolkit [9] from Nacimiento Software
Corporation [10]. Monitoring and control of instruments is
obtained through front panels that generate the equivalent web
interfaces in the form of Java-based applets which is
characterized by a very high level of realism in terms of
operating conditions. In such a way, it is possible to reuse the
wide number of already developed VIs for integrating existing
instrumentation in a remote laboratory without developing new
software. Clients need only a web browser to access the
application. However, a direct access to the LabVIEW VIs
cannot be implemented, as required by advanced users. In
addition, a different web server would be needed for each scale
model, leading to complex solutions [11].
E. LabVIEW Web Services
LabVIEW web services allows communication of
LabVIEW applications from devices that do not have
LabVIEW. LabVIEW web services is an open and standard
way to communicate with embedded VIS from any webenabled device over HTTP [12]. VIs can be published as web
services that listen for the client requests and respond with
appropriate actions or return data to clients. LabVIEW Web
services use a RESTful architecture on top of protocols that are
ubiquitous across the Web, such as TCP/IP and HTTP, to
provide standard, firewall-friendly communication. RESTful
architecture is particularly useful for software that requires
lightweight solutions because it involves minimal additional
markup. However, creating a thin-client interface requires
expertise in a text-based language to develop a user interface to
interpret and display information.
F. FPGA Module
LabVIEW FPGA is a graphical FPGA design package that
offers a block-diagram design input method combined with
ready-made FPGA I/O templates for NI Reconfigurable I/O
(RIO) hardware targets such as CompactRIO, Single-Board
RIO, and FlexRIO [13]. The Component-Level Intellectual
Property (CLIP) framework is a complementary method to the
FPGA I/O templates, which allows the users to make their own
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tem-plates by importing existing VHDL code into LabVIEW
FPGA.
G. Accessing Shared Liberaries or Dynamic Link Libraries
(DLL)
Dynamic Link Libraries (DLLs) provide a way for
programs to access external code. For instance, the hardware
drivers; the interface between the application software and the
hardware is often through a DLL. VIs can be compiled as DLL
to be called from the Lab server software as a driver to execute
the experiments on the hardware [14]. Likewise, LabVIEW can
call external code in DLLs via the Call Library Function Node
[15].
H. MathScript RT Module
LabVIEW offers math-oriented textual programming
through MathScript RT module that provides a native compiler
for .m files without requiring additional third-party software
[16]. It includes more than 750 built-in functions that are
commonly used for math, signal processing, analysis, and
control. It allows embedding .m file scripts in LabVIEW
applications by connecting the text-based I/O variables with the
inputs and outputs of LabVIEW. Another alternative is to
program the equations by using LabVIEW Graphical
programming blocks, if the model is not too complex.
OLE for Process Control (OPC) Servers
OPC is an industrial standard created by a large number of
software and hardware suppliers in the field of automation in
collaboration with Microsoft. This standard defines a set of
methods that allow exchanging data between hardware systems
and computers with Microsoft’s OSs. LabVIEW supports OPC
for information exchange among disparate automation devices
[17]. NI OPC servers connect through the OPC client to enable
developing Human-Machine Interface (HMI) and Supervisory
Control and Data Acquisition (SCADA).

A. Deployment in Remote Applications
MATLAB enables the creation of applications that use
capabilities of the World Wide Web (WWW) by offering
additional toolboxes that provide several possibilities for
interoperability and data exchange with other GUI applications
such as Component Object Model (COM), ActiveX, and
Common Gateway Interface (CGI). The user sends input
parameters of a particular test by the GUI (or by uploading an
M-code). The Real-Time Windows Target Toolbox extracts the
input parameters and updates the experiment Simulink blocks
model. Afterwards, it compiles the model into ANSI C code
and executes the code in the lab server PC while interfacing to
real hardware using PC I/O boards [20]. Thus, the users do not
need to have locally installed MATLAB or to basically know
anything about MATLAB programming. For interoperable
compilation among different operating system an external
compiler may be used such GNU Compiler Collection (GCC)
[21].
Other MathWorks products provide additional options for
remote applications with MATLAB:


xPC Target: enables the execution of Simulink and
Stateflow models on a target computer [22] for rapid
control prototyping, hardware-in-the-loop (HIL)
simulation, and other real-time testing applications. It
provides a library of I/O device drivers and an interface
for real-time monitoring, parameter tuning, and data
logging. It provides the ability to program FPGA
boards with Simulink HDL Coder.



Data Acquisition Toolbox: provides functions for
MATLAB connection to a variety of DAQ hardware
[23], including USB, Peripheral Component
Interconnect (PCI), and PXI. The functions allow
controlling analog input, analog output, counter/timer,
and digital I/O subsystems of a DAQ device. The
Simulink blocks included in the toolbox allows
streaming live data directly into Simulink models.



Instrument Control Toolbox: Allows connecting
MATLAB directly to instruments based on PXI, LXI,
GPIB,
and
AdvancedTCA
Extensions
for
Instrumentation and Test (AXIe), via instrument
drivers such as IVI, VISA, and VXI, or via text-based
Standard Commands for Programmable Instruments
(SCPI) over commonly used communication protocols
such as TCP/IP, Bluetooth, and UDP [24].



Database Toolbox: enables MATLAB to analyze
information stored in databases [25]. It works with
ODBC/JDBC-compliant databases, including Oracle,
Microsoft SQL Server, Sybase, Microsoft Access,
Informix, and Ingres. It also enables simultaneous
access to multiple databases within a single MATLAB
session and enables transactions involving large data
sets.

I.

IV.

MATLAB

MATLAB [18], released by MathWorks, is a high-level
technical computing language and interactive environment for
high performance intensive numerical computation, algorithm
development, data visualization, and data analysis. It is used in
a wide range of applications, including signal and image
processing, communications, control design, test and
measurement, financial modeling and analysis, and
computational biology. Add-on toolboxes (collections of
special-purpose MATLAB functions) extend the MATLAB
environment to solve particular classes of problems in these
application areas.
Simulink [19] is an environment for multi-domain
simulation and model-based design for dynamic and embedded
systems. It is fully integrated with MATLAB and provides an
interactive graphical environment and a customizable set of
block libraries that allows users to design, simulate, implement,
and test a variety of time-varying systems, including
communications, controls, signal processing, video processing,
and image processing.
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MATLAB Builder JA: enables the creation of Java
classes from MATLAB programs [26]. These Java
classes can be integrated into Java GUI programs and
can be accessed by multiple users without installation
of MATLAB at user-PC.



MATLAB Builder NE: enables the creation of .NET
and COM components from MATLAB programs [27].
These components can be called from Common
Language Specification (CLS)-compliant languages,
including C#, F#, VB.NET, or ASP.NET, and COMcompliant technology, including Visual Basic, ASP, or
Excel.

MATLAB is designed to be scalable to allow concurrent
tasks of simulation and compilation. However, the real-time
control on physical equipment cannot be performed by more
than one user at any time.
V.

HYBRID PROGRAMMING: LABVIEW AND MATLAB

LabVIEW and MATLAB are widely used in engineering
field. They have respective advantages at different aspect.
LabVIEW is the most popular remote laboratory environment
and it is the most outstanding representative of graphical
programming language visualization and parameter tuning for
remote operation, while MATLAB is the most powerful
computing language for control algorithm development and
simulation. Full using of their advantages can achieve high
efficiency programming. In numerous remote laboratories’
applications, this hybrid method was adopted [28]-[30]. Signal
acquisition and graphical user interface were developed with
LabVIEW, while numerical calculation and signal processing
were developed with MATLAB,
LabVIEW can support several ways of hybrid
programming with MATLAB [16] [27] [30] by means of:
1) ActiveX automation technology: directly call MATLAB
ActiveX server.
2) DLL technology: MATLAB files can be compiled as a
DLL, and then called in LabVIEW.
3) COM technology: MATLAB files can be compiled as a
COM format, and then called in LabVIEW.
4) MATLAB Script node: used in LabVIEW function
library to call m-files in the block diagram ash shown in Fig.
2.
VI. OTHER TECHNOLOGIES
LabVIEW and MATLAB are widely used for the
development of lab-server software. However, lab-server
software could be developed from scratch by a multi-purpose
programming language such as C# and C/C++. In addition, the
hardwar drivers could be built by LabVIEW or MATLAB in
form of DLL and called from the multi-purpose programming
language. The Major disadvantage of this approach is the
complexity and it necessity of professional programmers.
Commercial controller’s boards such as programmable
logic devices, image processing cards, and microcontrollers
usually come with their own development platform software.
Remote experiments that are confined to applications on these
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Figure 2. MATLAB m-files embedded in LabVIEW block diagram by
MATLAB Script Node.

devices could make use of their own software combined with a
webcam to program the device and monitor the results.
However, in most of the cases, LabVIEW is required to build
the GUI.
VII. CONCLUSION
This paper has classified the major components of remote
laboratories for engineering education pointing out the relevant
technologies they mostly rely on. The paper has focused on the
available lab server software technologies discussing the
features, the limits, and the drawbacks of each. Moreover, it
has presented hybrid solutions that make use of several
technologies. The purpose of this study is to provide abundant
information about the lab server software technologies for
remote laboratories construction, which could aid developers
and researcher in future implementations.
ACKNOWLEDGMENT
Authors would like to acknowledge the support of the
following projects: s-Labs (TIN2008-06083-C03-01), SOLITE
(CYTED-508AC0341),
e-Madrid
(S2009/TIC-1650),
RIPLECS
(517836-LLP-1-2011-1-ES-ERASMUS-ESMO),
and PAC (517742-LLP-1-2011-1-BG-ERASMUS-ECUE). As
well, Authors would like to acknowledge the support of the
VISIR Community and the GOLC consortium.
REFERENCES
[1]. Gomes, and S. Bogosyan,"Current Trends in Remote Laboratories," Ind.
Electronics, IEEE Tran. on , vol.56, no.12, pp.4744-4756, Dec. 2009.
[2]. Gravier, J. Fayolle, B. Bayard, M. Ates, and J. Lardon, “State of the Art
About Remote Laboratories Paradigms – Foundations of ongoing
Mutations,” Int. Journal on Eng. Edu.(iJOE), vol. 4, no. 1, 2008.
[3]. Garcia-Zubia, P. Orduna, D. Lopez-de-Ipina, and G.R. Alves,
“Addressing Software Impact in the Design of Remote Laboratories,"
Ind. Electronics, IEEE Tran. on, vol.56, no.12, Dec. 2009.
[4]. NI LabVIEW - Improving the Productivity of Engineers and Scientists.
Retrieved November 15, 2011, from: http://www.ni.com/labview/.

Page 315

[5]. Matijević, M.,et al., “The development and implementation of a thermal
process trainer for control and measurement via the Internet.” Computer
Applications in Engineering Education, 2011.
[6]. T. A. Fjeldly and M. S. Shur, Lab on the Web, Running Real Electronics
Experiments via the Internet. Hoboken, NJ: John Wiley & Sons, Inc.,
2003.
[7]. Ursutiu, D., Ghercioiu, M., Samoila, C., and Cotfas, P., “FPGA
LabVIEW Programming, Monitoring and Remote Control,” Int. Journal
on Eng. Edu. (iJOE), vol. 5, no. 2, 2009.
[8]. Junfeng, J., Luhua, N., Bo, W., and Jiakun, L., "Remote Laboratory Data
Management System Based on LabVIEW," Measuring Technology and
Mechatronics Automation (ICMTMA), 2010 International Conference on
, vol.2, pp.1016-1019, 13-14 March 2010.
[9]. Rapuano, S., and Zoino, F.,"A Learning Management System Including
Laboratory
Experiments
on
Measurement
Instrumentation,"
Instrumentation and Measurement, IEEE Transactions on , vol.55, no.5,
pp.1757-1766, Oct. 2006.
[10]. Nacimiento Software Corporation. Retrieved November 15, 2011, from:
http://nacimiento.com/.
[11]. L. Costas-Perez, D. Lago, J. Farina, and J.J. Rodriguez-Andina,
"Optimization of an Industrial Sensor and Data Acquisition Laboratory
Through Time Sharing and Remote Access," Industrial Electronics,
IEEE Transactions on, vol.55, no.6, pp.2397-2404, June 2008.
[12]. Popovic, B., Popovic, N., Mijic, D., Stankovski, S., and Ostojic, G.,
“Remote control of laboratory equipment for basic electronics courses:
A LabVIEW-based implementation,” Computer Applications in
Engineering Education, 2011.
[13]. Ursutiu, D., Ghercioiu, M., Samoila, C., and Cotfas, P., “FPGA
LabVIEW Programming, Monitoring and Remote Control,” Int. Journal
on Eng. Edu. (iJOE), vol. 5, no. 2, 2009.
[14]. Mwikirize, C. et al.,"Development of Online Laboratories for
Modulation and Combinational Logic Circuit Analysis Using NI ELVIS
II™ Platform," Information Technology: New Generations (ITNG), 2010
Seventh International Conference on, pp.1069-1073, 12-14 April 2010.
[15]. Pengfei, L., and Luhua, N.,"Remote Control Laboratory Based On
LabVIEW," Intelligent Computation Technology and Automation, 2009.
ICICTA '09. Second International Conference on, vol.4, pp.84-87, 10-11
Oct. 2009.
[16]. Su, W., and Wang, F., "Design and development of rolling bearing
vibration signal analysis system," Electronic and Mechanical
Engineering and Information Technology (EMEIT), 2011 International
Conference on, vol.5, pp.2679-2682, 12-14 Aug. 2011.
[17]. C. Sorandaru, A. Sfasie, S. Musuroi and V.N. Olarescu, “PLC Control of
an industrial process using LabVIEW,” Remote Eng. & Virtual
Instrumentation (REV), Dueseldorf, 2008.
[18]. MATLAB - The Language Of Technical Computing. Retrieved
November 15, 2011, from: www.mathworks.com/products/matlab/.
[19]. Simulink - Simulation and Model-Based Design. Retrieved November
15, 2011, from: www.mathworks.com/products/simulink/.
[20]. R. Puerto, L.M. Jiménez, and O. Reinoso, “Remote control laboratory
via Internet using Matlab and Simulink.” Computer Applications in
Engineering Education, Vol. 18, Issue. 4, December 2010.
[21]. Y. Qiao, G. Liu, G. Zheng, and W. Hu, "NCSLab: A Web-Based
Global-Scale Control Laboratory With Rich Interactive Features,"
Industrial Electronics, IEEE Transactions on, vol.57, no.10, pp.32533265, Oct. 2010.
[22]. S.R. Jernigan, Y. Fahmy, and G.D. Buckner, "Implementing a Remote
Laboratory Experience Into a Joint Engineering Degree Program:
Aerodynamic Levitation of a Beach Ball," Education, IEEE
Transactions on , vol.52, no.2, pp.205-213, May 2009.

978-1-4673-1456-5/12/$31.00 ©2012 IEEE

[23]. I. Colak, S. Demirbas, S. Sagiroglu, and E. Irmak, “A novel web-based
laboratory for DC motor experiments.” Computer Applications in
Engineering Education, vol. 19, issue. 1, pp. 125-135, March 2011.
[24]. M. Kolencik, and K. Zakova, "A contribution to remote control of
inverted pendulum," Control and Automation, 2009. MED '09. 17th
Mediterranean Conference on, pp.1433-1438, 24-26 June 2009.
[25]. T. Zang, and A. Wang, "Design and application of the Hardware-in-theLoop Simulation System for distillation columns," Image Analysis and
Signal Processing, 2009. IASP 2009. International Conference on ,
pp.372-376, 11-12 April 2009.
[26]. M. Kaluz, L. Cirka, and M. Fikar, "Virtual and remote laboratories in
education process at FCFT STU," Interactive Collaborative Learning
(ICL), 2011 14th International Conference on, pp.134-139, 21-23 Sept.
2011.
[27]. W. Xu, L. Zhong, and D. Wang, "Image processing based on seamless
integration technology between LabVIEW and MATLAB," Information
Networking and Automation (ICINA), 2010 International Conference
on, pp.V1-219-V1-223, 18-19 Oct. 2010.
[28]. D. Hercog, B. Gergic, S. Uran, and K. Jezernik, "A DSP-Based Remote
Control Laboratory," Industrial Electronics, IEEE Transactions on,
vol.54, no.6, pp.3057-3068, Dec. 2007.
[29]. A. Rojko, D. Hercog, and K. Jezernik, "Power Engineering and Motion
Control Web Laboratory: Design, Implementation, and Evaluation of
Mechatronics Course," Industrial Electronics, IEEE Transactions on,
vol.57, no.10, pp.3343-3354, Oct. 2010.
[30]. L. Xiang, Z. Yang, W. Shujuan, and Z. Guofu, "A Method for Analog
Circuits Fault Diagnosis by Neural Network and Virtual Instruments,"
Intelligent Systems and Applications (ISA), 2011 3rd International
Workshop on, pp.1-5, 28-29 May 2011.

AUTHOR INFORMATION
Mohamed Tawfik, Assistant
University
for
distance
mtawfik@ieec.uned.es

researcher, Spanish
Education-UNED,

Elio Sancristobal, Assistant Professor, Spanish
University for Distance Education, elio@ieec.uned.es
Sergio Martín, Assistant Professor, Spanish University
for Distance Education, smartin@ieec.uned.es
Charo Gíl, Assistant Professor, Spanish University for
Distance Education, rgil@ieec.uned.es
Gabriel Díaz, Assistant Professor, Spanish University for
Distance Education-UNED, gdiaz@ieec.uned.es
Juan Peire, Professor, Spanish University for Distance
Education-UNED, jpeire@ieec.uned.es
Manuel Castro, Professor, Spanish University for
Distance Education-UNED, mcastro@ieec.uned.es

Page 316

