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Abstract—The ongoing integration of telecommunications with
the learning and collaboration process has enabled many of the
engineering projects to take advantage of the remote access to
laboratories that it allows. However, most of the remote
laboratories today are simulated or else real, but with a fixed
configuration. With the integration of telecommunication
technologies and computer science with virtual instrumentation,
real, 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. In
this paper, we present a method of creating a web-based Remote
Laboratory Experimentation in the MSc course “Wireless
Communications Systems” which is part of “Information and
Communication Systems (ICS)” curriculum. This is done within
the RIPLECS project (http://riplecs.dipseil.net/). The course
“Wireless Communication Systems” gives students an overview
of the characteristics of different types of antennas used in
wireless communications and the wave propagation in mobile
communications. The practical part consists of several
assignments dealing with understanding the basic functions of
the antennas as well as mobile communication propagation
characteristics experiments. The proposed approach integrates a
traditional Learning Management System (LMS) with the remote
access to real instrumentation located in wireless communication
laboratory, without requiring specific software components on
the client side. The remote laboratory system relying on virtual
instruments (VIs) is described in RIPLECS. This paper presents
our performance support approach to the design of the wireless
communications course in DIPSEIL system (env.dipseil.net/v3).
There are listed the tasks and their educational objectives.
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communications;

INTRODUCTION

The accelerated pace at which both the computing and
telecommunications worlds are advancing, along with their
ever increasing availability are creating a new relationship
between the teaching process and the way students are
learning, thus revolutionizing the way this process is carried
out altogether. So, we are bombarded with a countless number
of tutorials, online courses, information pages, and network
resources almost entirely devoted to the transmission of
knowledge. However, the real and practical experience cannot
be excluded from this process since it would have a negative
impact in the learning process. Likewise, collaborative work
and at-a-distance projects are beginning to have more attention
in the engineering world. With the integration of
telecommunication technologies and computer science with
virtual instrumentation, real, 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 [1].
Wireless communications related courses include topics
that form the backbone of techniques used in industries such as
telecommunications, security systems and defence systems. It
is highly important for those industries that technical personnel
such as engineers and technicians have the practical experience
as well as the theoretical background for wireless
communications. Laboratory works are important supplement
of theory in training of engineers. There are many wireless
communications related courses for teaching the theory but not
enough laboratory equipment/experiments to support and
demonstrate the application of the theory. The main reason is
that the equipment required in high-frequency telecom/radio
laboratories are of high technology, very expensive, as a result
remote laboratory access can enable student to use expensive
laboratory equipment, which is not usually available to
students.
In this article we present our experience in creation a
remote laboratory for the “Wireless Communication Systems”
course, which is within the ICS curriculum, developed under
the RIPLECS project. The aim of the RIPLECS project is the
definition and development of a telematics based European
infrastructure and organization for ICT curriculum providing a
range of coauthoring, co-learning, simulation- and laboratory
practice-based learning facilities. The RIPLECS project aims at
adapting DIPSEIL system (Distributed Internet-based
Performance Support Environment for Individualized Learning
- http://www.dipseil.net/) to enable real-world experiments
remotely in an e-learning context of “Information and
Communication Systems (ICS)” curriculum.
The goal in a concrete manner is a realization of practical
tasks performance in courses from the complete master degree
program through remote access to laboratories.
The target groups of RIPLECS project are:


Students in the field of technology and engineering.
With
the
integration
of
telecommunication
technologies and computer science with virtual
instrumentation, real, remote laboratories were
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.
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Teachers in higher education in the same field. They
received methods and tools, integrated in a system that
will design, develop and present learning resources for
an educational process, that is characterized with
providing just-in-time, just enough and at the point of
need support to learners in order to deal with complex
authentic tasks in the context of problembased
learning.



University management is convinced of the necessity
of European dimensions in higher education,
particularly with regards to curricular development,
interinstitutional co-operation, virtual mobility of
students and academic staff, and integrated
programmes of study, training and research.

The impact: The RIPLECS project aims at developing a
system to enable real-world experiments remotely in an elearning context of “Information and Communication Systems
(ICS)” curriculum. The students can 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 in
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 has the opportunity to review his users‟ performance
by his own criteria, according to the assessments rules for each
experiment, which are defined in the RIPLECS application
server.
A. Remote Laboratory
The increasing use of multimedia packages or “virtual
science” has much to offer in terms of teaching scientific facts
and principles, but does not generally focus on the process of
scientific enquiry or engineering practice. However, the real
and practical experience cannot be excluded from this process
since it would have a negative impact in the learning process.
Likewise, collaborative work and at-a-distance projects are
beginning to have more attention in the engineering world.
Nowadays Remote laboratories are being developed and
accessed through Internet in real time with the integration of
telecommunication technologies and computer science together
and virtual instrumentation, real. In this way a richer
collaborative experience for the student is ensured 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.
The RIPLECS project is based around the DIPSEIL system,
which is a performance oriented learning management system
and has a pool of practical tasks to perform. The first task in
the project was to extend DIPSEIL with a new instrument –
remote laboratory. Fig.1 shows the DIPSEIL remote laboratory
instrument.

Figure 1. DIPSEIL Remote Laboratory Instrument

This instrument provides connection and control of
authentication to the individual remote laboratories, found at
the partners‟ locations.
The DIPSEIL system was also extended with the so called
time slots. Since laboratories are rarely used by more than one
person, a way of control who uses which laboratory and when,
had to be developed. Tutors have to specify time spans, at
which the laboratory is available for remote access and how
many persons may use it at a time.
B. Wireless Communications
The team from Plovdiv University is responsible for the
creation of a remote lab in telecommunications. The team
already has a specialized kit for wireless communications,
which can be controlled by software. PU will provide Virtual
Network Computing (VNC) access to this software.
Wireless communications is, by any measure, the fastest
growing segment of the communication industry. Cellular
systems have experienced exponential growth over the last
decade and there are currently around two billion users
worldwide. In addition, the explosive growth of wireless
systems coupled with the proliferation of laptop computers
indicate a bright future of wireless networks, both as standalone-systems and as part of the larger network infrastructure.
Antennas are essential components of all equipment for
wireless communications. They are instruments for
transmitting and receiving waves. Antennas are used in
systems such as radio broadcasting, communications receivers,
radar, cell phones, and satellite communications. Parameters
used to test the performance of an antenna are radiation pattern,
directivity, gain, polarization, impedance and bandwidth. As
radiation pattern and gain are considered as basic parameters of
an antenna they are most commonly studied in student‟s
tutorials.
II. EDUCATIONAL OBJECTIVES AND
PERFORMANCE-BASED LEARNING
The course “Wireless Communication Systems” gives
students an overview of the characteristics of different types of
antennas used in wireless communications and the wave
propagation in mobile communication. The course is webbased and is implemented in the performance support system
DIPSEIL. We use one of the most interesting new teaching
strategies in such a field - the project-based learning. The
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approach provides teaching through the development of a
project that involves the learners. The most relevant step in the
learning process, in fact, is the application of acquired
theoretical knowledge.
The structure of DIPSEIL system has: courses, containing
modules, containing tasks. Students can obtain modules
contents into the learning task. As in modules design, all the
tasks are designed in the same format. Each learning task
consists of the following elements (fig.2):







Task description - the learning tasks is described,
explaining the students what is expected of them.
Reference information - task relevant resources that
support students by making immediately available
information, which they either have to study or use
just in time to perform the task.
Task-specific training - training materials which help
the user to learn while performing the task.
Instructions how to perform the task.
Expert advice about a task - expert advice part
contains specific advice on performing tasks.

Figure 3. System Configuration

Figure 4. Experimental Setup

Figure 2. Learning task

However, huge practical training is absolutely essential to
assure good knowledge transfer from teacher to students and to
educate good professionals. The practical part of Wireless
Communications course consists of several assignments
dealing with understanding the basic functions of the antennas
as well as mobile communication propagation characteristics
experiments. The laboratory for wireless communications is
equipped with specialized expensive instrumentation and test
boards, as well as with Wave and Antenna Training Equipment
WATS-2000 of Man&Tel Co [2] [3].
In this paper, a distributed learning platform is proposed to
provide full course of wireless communications including
theory as well as practical experiments on real instrumentation.
The proposed solution integrates the advantages provided by
DIPSEIL which is compliant with international standards for
Web-based training, and a new approach for providing remote
experiments on training equipment.
Following is the system configuration as shown on fig.3.

Figure 5. EASCB
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The different types of antennas are changed in the system
automatically without participation of an operator [4], [5]. This
automatic change is made by means of an external antennaswitching controller board (EASCB). This EASCB is
developed and proposed by our team. The proposed automated
system provides rapid installation of the correct antenna for the
appropriate application and experiment, allowing the teacher
not to be in the laboratory during each experiment. The
innovative automated system for antenna change is the main
part of the Wireless Communications Remote Lab.

A. Antenna Characteristics
In this module the students learn the basic characteristics of
diffrent tipes of antennas. They gain experience in measuring
the radiation pattern of E plane and H plane.
B. Mobile Communication Propagation
In this module the students are taught to understand the
characteristics of wave propagation in mobile communications.

The experimental setup is shown on fig.4 while fig.5
represents the EASCB.
Under the normal circumstance, wave characteristics are
hard to be measured and analyzed due to the nature of wave
being so much dependent on surrounding environment and
fluctuating. Therefore the educational training system has a
built in hardware circuit which creates a wave environment,
offering a practical experience on wave environment. In other
words, by means of that educational system, emulation on real
wave environment is possible so that students are able to
understand and analyze the wave environment correctly.
The learning goals of the course are, firstly, to measure the
radiation patterns of various types of antennas to get a clear
picture on their radiation characteristics. Secondly, wave
characteristics experiment in mobile communication are carried
out to identify fading, time delay characteristics, voltage
standing wave, Doppler„s frequency and etc. The subject
matter is divided into educational objectives. These objectives
are learnt in a performance-based manner.
The course consists of two modules (fig.6):

Figure 6. Structure of the course

Figure 7. Task-specific training
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Figure 8. Task Description

Figure 9. Instructions how to perform

The most relevant step in the learning process, in fact, is
the application of acquired theoretical knowledge. Fig.7
shows the task-specific training of the Task “Ceramic Chip
antenna antenna”. On fig.8 the task description of the same

task is represented. Fig. 9 shows the instructions how to
perform.
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III.

STUDENTS‟ PREPARATION FOR EXPERIMENTS

For a real experiment students are required to perform a
detailed preparation, possibly including required formulae,
procedures and tables for recording measured results.
Student preparation is checked at the beginning of the
practical session, and sometimes assessed. Without
preparation, students are often not allowed to conduct the
experiment resulting in a zero mark for the experiment. In
remote laboratories students also need to do a prescribed
preparation but no one will check it. This leaves the
responsibility on students. They can try to perform the
experiment and if they are lost and have difficulties, which
are reasonable to expect without proper preparation, they can
log out and reattempt the experiment at later dates after
doing the proper preparation until they successfully finish the
experiment.
In this sense the remote laboratories show the advantage
as students need not only to do the prescribed preparation but
to gain a full understanding of the experiment before they
attempt it, because there is no supervisor in the laboratory to
lead them through. Students are encouraged to do
preparation as a team, as they can exchange ideas and
proposals for conducting experiments, as are not supplied
with detailed instructions for practical experiments.
Responsibility for learning is fully left to the students, thus
also enforcing students‟ centered learning [6] [7].
IV.

innovation. Students continue their normal life without
leaving the work or the family home.
For the education and training of our students:
1. We are going to realize practical tasks performance
in courses, for which work in a real laboratory is absolutely
necessary, through remote access to labs. The remoteness
serves as an additional new instrument to the innovative
performance-centered system with educational elements.
2. As a new technology, performance-centered system
will move the education process to the learning embedded in
the contexts of the “supposed workplace”.
It became clear that, once the system was made available
to students, it provided with a better time flexibility than a
traditional laboratory, but retaining the learning benefits of
the latter.
It is also important to note that, although very effective, a
remote lab is not meant to replace traditional labs at all, but
to enhance the learning process by supplying a remote,
flexible laboratory for those basic subjects that lack a
traditional one.
Besides this, a significant cost reduction was achieved by
reducing the cost of implementation for a remote laboratory
with as much compatibility with the versatility and function
of a traditional laboratory.

EVALUATION AND REFLEXTION

Based on current advancement in the domains of
curriculum design, instructional design and software
engineering design, the evaluation strategy of the RIPLECS
project adopts and further develops the Design Research as
the project‟s overarching evaluation methodology. A simple
metrics will be used to indicate how well the students deal
with the tasks but the participants will not be made aware of
that (e.g. 0% “Fails to complete the task correctly, gives up,
or succeeds only with an assist from the moderator”; 50%
“Succeeds, but in a roundabout way, making errors, needing
to back track”; 100% “Succeeds quickly, following the route
the designers intended”). These measures are an indication
about how well the system functions not how good the
students are.
The students will be asked to submit a critical evaluation
of the remote lab in “Wireless Telecommunication” course,
which will be used for its continuous improvements. The
improvements will not only include hardware and software
development and the support material, but also the ways in
which students collaborate in remote laboratory. The
incorporation of the telecommunication among students
conducting experiments is now under consideration.
V.

CONCLUSIONS

The development of the remote laboratory environment
on radio communications pretends to meet the distance
learning needs avoiding the students to travel to perform
face-to-face practices. With this system both University and
students obtain benefits. University saves money and
increasing reputation and prestige by the continuously
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