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Abstract—This paper gives brief presentation of the ongoing 

Tempus project deals with increasing attractiveness of 

engineering education in Serbia through innovative teaching 

methods by introducing remote experimentation as well as 

trough the strengthening of university-secondary vocational 

schools collaboration. The project objectives and key 

activities, which would be carried out in order to produce 

the expected results, as well as project consortium, are 

introduced. The best practice in using remote experiments 

for engineering education at EU partner institutions is 

elaborated. 

Index Terms—engineering education; remote labs; remote 

experiments; network of remote laboratories  

I. INTRODUCTION 

Investments in the knowledge-based economy and 
development of industry are the only way of overcoming 
the economic crisis in Serbia. Already in 2001 the 
Education Ministers of Europe set the objective of 
boosting enrolment in scientific and technical fields of 
study to contribute to the Lisbon process of fostering a 
dynamic and innovative knowledge-based economy. The 
Strategy for the Development of Education in the 
Republic of Serbia to 2020 (Strategy 2020) [1], also 
envisaged the boosting number of students enrolled in 
these study programs.  

Building enough engineers to meet future labor market 
demands must start as early, as in secondary school. 
According Strategy 2020 at least 40% of those completed 
the four-year vocational education who continue their 
education at the university level should be in 2020. 
Bringing remote experiments into school classrooms is 
one of efficient way to attract secondary school pupils to 
the engineer’s world of real work applications and 
influence them to think about the possibility of following 
a career in engineering and prepare themselves to succeed 
in engineering HE study programs. This novelty requires 
well-prepared technology teachers. One of the strategic 
goals of secondary vocational education in Serbia until 
2020 is to improve the system of teacher training. 
Teachers should have access to high quality and real-life-
based resources to build their skills and competences, to 
support improvement of their students, to familiarize with 
up-to-date research/development and industrial needs in 
engineering field. 

As one of responses to the strategic goal of boosting 
enrolment in technical fields of study in order to foster 
innovative knowledge-based economy, which is marked 
by Strategy 2020, the project “Building Network of 
Remote Labs for strengthening university-secondary 
vocational schools collaboration” (abbreviated NeReLa) is 
developed. NeReLa project as one of the projects 
approved for funding in selection procedure within the 
sixth Call for proposals under the Tempus IV Programme

a
 

[2], has wider objective to increase attractiveness of 
engineering studies in Serbia through the using of 
innovative teaching methods as well as through the 
strengthening of university- secondary vocational schools 
collaboration. To achieve this, the following specific 
objectives will be accomplished: 

 To build cross-universities network of remote 

engineering laboratories in order to enhance 

engineering education at Serbian HE institutions 

 To strengthen university-secondary vocational 

schools collaboration through secondary 

vocational schools teacher training in using 

resources of The Library of Remote 

Experiments  

 To bring remote engineering experiments into 

secondary vocational school classrooms in order 

to promote engineering education attractiveness 

to prospective engineering students 
A cross-universities network called NeReLa supported 

by all project partner HE institutions will be aimed not 
only for its networking, but also for connecting secondary 
vocational schools with universities' remote laboratories in 
order to promote engineering education attractiveness to 
prospective engineering students in Serbia. The 
strengthening of university-secondary vocational schools 
collaboration will be conducted by secondary vocational 
schools teacher training in using resources of the Library 
of Remote Experiments (called LiReX) through a series of 
remote and on-site training workshops. The project intend 
to inspire university teachers as well as teachers of 
secondary vocational schools into the using of remote labs 
as means of enhancing engineering teaching at HE and 

                                                           
This paper is a result of activities within the project 543667-TEMPUS-

1-2013-1-RS-TEMPUS-JPHES “Building Network of Remote Labs for 
strengthening university-secondary vocational schools collaboration” 

supported by The Education, Audiovisual and Culture Executive 

Agency (EACEA). 



 

secondary education level and making it more effective 
and interesting for their students and pupils [3].  

Remote experimentation laboratories established at 
particular HE institutions in Serbia would be based on real 
equipment experimentation as a core component of 
engineering education as well virtual experiments and will 
be available to all users of NeReLa network via the 
Internet at any time and from any place. Established 
network of remote labs will integrate the engineering 
experiments existing in particular remote experimentation 
laboratories into electronic lab repository – The LireX 
library. Engineering students, teachers from HE 
institutions and teachers from secondary vocational 
schools will be able to choose the experiments from the 
Library catalogue.   

The using off remote engineering experiments from the 
LiReX library and creating new ones will be incorporated 
into existing engineering curricula at HE partner 
institutions regarding its modernization. Curricula in 
Electrical, Computer and Mechatronics Engineering will 
be taken into consideration because it is the most 
prominent engineering disciplines, consisting the 
backbone of any modern industry. The comprehensive 
learning modules with remote experiments will be 

prepared based on the target groups’ requirements. 
Established network will bring innovative pedagogical 
approach in engineering education as well as in education 
and training of teachers from secondary vocational 
schools by using collaborative learning model. 

II. NERELA PROJECT ACTIVITIES 

The expected project outputs and outcomes include the 
following [4]: 

 Conducted analysis of the state-of-the-art remote 

labs networks at EU universities  

 Conducted analysis of remote experiments at 

partner universities  

 Created Guidelines for techno-pedagogical 

requirements for remote labs 

 Built infrastructure for remote experimentation 

at partner universities 

 Signed agreement on networking of remote 

engineering laboratories from partner 

universities  

 

 
Figure 1. Key project activities 

 

 Developed a set of new remote engineering 

experiments at partner universities 

 Designed The LiReX library of remote 

experiments 

 Approx. 180 secondary vocational schools 

teachers trained in using of remote 

experiments 

 Approx. 25 new learning modules with remote 

experiments integrated into the curricula of 

partner universities in 2015/2016 school year 

 Approx. 25 new learning modules with remote 

experiments integrated into the curricula of 

selected secondary vocational schools in 

2015/2016 school year  

 Number of agreements on the right of use of 

LiReX resources and ownership signed by 

teachers from HE and secondary vocational 

schools during and after project lifecycle  

 Annual Conference on Remote 

Experimentation established 

 The network NeReLa included into similar 

EU networks   
Project activities started on December 1st, 2013. 

Key project activities leading to the expected results 
are shown on Fig.1. 



 

III. NERELA PROJECT COSORTIUM 

The project consortium consisting of 4 largest state 
universities and 4 non-university partners from Serbia, 
4 EU universities and one EU non-university partner is 
shown on Fig. 2.  

All involved EU partner universities have a rich 
experience in remote experimentation within their 
teaching and research activities. The involved Serbian 
universities have great commitment towards 
modernization of HE through introducing innovative 
teaching methods especially in the field of engineering 

as well as through the strengthening of university- 
secondary vocational schools collaboration.   

By joint efforts together with non–university partners 
and EU partners, they intend to accomplish this by 
building the NeReLa network of remote laboratories as 
well as by training vocational schools teachers for 
remote experimentation and thus to make Serbian 
engineers more competitive at EU engineering world. 

A number of specific remote and virtual experiments 
will be developed and carried out within laboratories of 
four partner Universities from Serbia. 

 
Figure 2. The project consortium 

IV. REMOTE LABORATORIES AT EU PARTNER 

INSTITUTIONS 

University of Maribor uses two solutions for remote 
experimentation: (1) in-house developed remote control 
laboratory and (2) remotely accessible working stations 
integrated to CEyeClon network [5]. Remote control 
laboratory based on in-house developed embedded control 
hardware comprises DSP-2 control systems and two 
commercially available software packages, 
MATLAB/Simulink and LabVIEW. The key components 
of this control hardware are the TI TMS320C32 floating 
point processor which is used for control algorithm 
execution, and the Xilinx FPGA of the Spartan family, 
which implements the pulse width modulator (PWM), and 
on board peripheral interfaces. An additional server is 
available for laboratory web pages and for a booking 
system. General structure of remote laboratory is shown in 
Figure 3. DSP-2 control systems are connected to the lab 
PC, which is, in turn, connected to the Internet. The DSP-
2 control systems implements a control algorithm 
developed using Simulink and through the analog and 
digital I/O signals, drives the real process. At the same 
time, the LabVIEW virtual instrument (VI) for individual 
experiments and the LabVIEW server are run on the lab 
PC for the purpose of enabling remote control. The 
booking system is based on the Moodle course 
management system.  

 
Figure 3. General structure of remote laboratory at University of 

Maribor 

 

The second solution for the industrial education is 
based on a virtual classroom with remote experiments, 
which is designed and maintained by the Biel Academy of 
Applied Science, Switzerland. Developed technology is 
also offered commercially under the name CEyeClon [5]. 
The structure of the remote laboratory is shown on Figure 
4. The system is based on the remote workstations that are 
organized into a remote network. The network consists of 
workstations in different locations that are connected to a 
main gateway via a proxy server. It is also possible to 
connect remote GMS workstations. All system 
components connected to the network, such as cameras, 
microphones, and experiments themselves can be 
combined with one another to build up a remote 
workstations. The network is also integrated with a 



 

Moodle based learning management system and an 
interactive 3D laboratory interface with integrated media. 
The three elements: (1) Remote Workplace, (2) LMS, (3) 
3D-interface; are synchronized and form a single unit. 
This makes it possible for a learner to handle the 
classroom experience more easily. They can change 
dynamically between the elements to another without 
disrupting the workflow. 

 
Figure 4. Structure of remote laboratory based on CEyeClon network 

 

Remote laboratory experiments at University of 
Maribor are built with different experimental devices, 
such as two degree of freedom SCARA robot, which is 
used in the teaching module ’Servomotor in 
mechatronics’, DC motor with flywheel, Mechanism with 
spring, Filter. The remote users can perform hands-on 
exercises with data acquisition and instrument control 
hardware and explore how to use data acquisition and 
instrument control software functions to build custom 
applications. Using remote workstations data acquisition 
exercises are built with NI ELVIS II+ with three different 
electrical circuits wired on prototyping board, while the 
instrument control exercises are based on NI Instrument 
Simulator V2.0 connected to high performance Ethernet to 
GPIB controller NI GPIB-ENET/1000. After completing 
all exercises, the remote user is able to use DAQ Assistant 
and NI-DAQmx API’s to perform analog and digital 
acquisition and generation, create measurements with 
counters, and synchronize the tasks. 

University of Maribor remote experiments are included 
into following networks EDIPE 
(http://www.pemcweblab.com/), E-PRAGMATIC 
(http://www.e-pragmatic.eu/) and SustEner 
(http://www.sustener.eu/).  

University of Deusto provides remote laboratory 

WebLab-Deusto [5] for engineering curricula. The 

remote lab is integrated in the current teaching/learning 

with LMS, Facebook, and Mobile devices. Nowadays 

Weblab-Deusto is deployed in more than 20 educational 

institutions for multidisciplinary experimentation. 

WebLab-Deusto is a distributed, open-source RLMS - 

Remote Laboratory Management Systems an essential 

tool for students’ practice works in different engineering-

related subjects [5]. It allows offering real experiments to 

a certain group of users over any computer network. 

WebLab-Deusto provides the infrastructure, supporting 

all features required to deploy a remote lab: 

Authentication, Authorization, Scheduling, Load 

balancing, User tracking, Sharing, and Administrative 

tools. General concept of WebLab-Deusto is presented on 

Figure 5. 

 

 
Figure 5. General concept of WebLab-Deusto 

 

WebLab-Deusto is designed to ease the development of 
remote laboratories. It provides APIs and different 
approaches to include new or existing remote labs. 
WebLab-Deusto natively supports federating remote 
laboratories. This means that if two universities install 
WebLab-Deusto, any of the systems will be able to 
consume laboratories provided by the other university. 
WebLab-Deusto laboratories can be accessed from 
Learning Management Systems (such as Moodle or Sakai) 
in a secure way, relying on the LMS for authentication 
and authorization. WebLab-Deusto has scheduling system 
that guarantees exclusive access to the laboratories 
through a priority queue subsystem. The authentication 
system is based on plug-ins that could be extended by 
implementing in Python. WebLab-Deusto supports two 
different types of authentication systems: 

 Simple: those systems receive the username and 
password, and check if the user is who claims to 
be. Examples of these systems are LDAP, 
password stored in the database, or checking 
that it comes from a particular IP address. 

 Web protocol systems: those systems which do 
not receive simply a username and password, 
but which require an external web protocol. For 
example, using OAuth 2.0, the user will be 
forwarded to a particular page that must exist. 
Or in OpenID, the foreign system will redirect 
users to a particular page that also must exist. 

WebLab-Deusto is Open Source (BSD 2-clause license) 
and it requires exclusively Open Source technologies. It 
also supports proprietary technologies for optional 
extensions. As examples, below three experiments are 
briefly described: 

•  VISIR LXI: Experimentation with real 

electronic circuits. 

• WebLab-Bot: Experimentation for programming 

a microcontroller based on popular Mobile 

Robot. 

• WebLab-Box: Experimentation for performing 

FPGA based embedded systems. 
VISIR (Virtual Instrument Systems in Reality) is an 

open laboratory dedicated to remote experimentations at 
analogue electronics. The VISIR is equipped and allows 

http://www.pemcweblab.com/
http://www.e-pragmatic.eu/
http://www.sustener.eu/
https://github.com/weblabdeusto/weblabdeusto/blob/master/COPYING
http://opensource.org/licenses/BSD-2-Clause


 

carrying out tasks with real instrumentation. With VISIR 
the students in front of the computer execute the same job 
that they would perform in the traditional laboratory: to 
select components (resistors, capacitors, diodes, etc.), to 
connect them on a breadboard, to select and to control the 
instruments, and finally, to analyze obtained results. 
VISIR Graphic User Interface is shown in Figure 6. The 
VISIR system has been implemented by Blekinge Institute 
of Technology in Sweden and it has been deployed in 
different Universities worldwide: University of Deusto 
(Spain), FH Campus Vienna and Carinthia University of 
Applied Sciences (Austria), Polytechnic Institute of Porto 
- School of Engineering (Portugal), and India.  

Initially the deployment of the VISIR lab requires two 
components that must be considered: NI PXI platform and 
a custom made module based on relay switching matrix in 
order to accommodate the components of the available 
circuits. The price of these components leads to an 
enormously expensive lab making difficult the 
deployment. Thus, the WebLab-Deusto research group 
has developed a new VISIR version based in LXI standard 
"LXI VISIR" providing a new control method in order to 
confront and overcome these drawbacks, getting the 
following objectives: 

 Independence of the control of the instruments, 

in this case each institution joining the VISIR 

consortium would be able to use their own 

equipment, satisfying only a few requirements 

 all the instruments of the laboratory are made by 

a trader, without having to include any 

expensive and complex proprietary solution 

 Simplify and reduce the imposed restrictions 

regarding to the addition of new components and 

experiments in the VISIR switching matrix. 
In addition, The LXI VISIR has been integrated in the 

WebLab-Deusto platform to include in this platform 
laboratories not only focused on digital electronics. 

 
Figure 6: VISIR Graphic User Interface 

 

The remote lab WebLab-BOT allows the user to 
undertake remote experimentation with PIC 
microcontrollers. Instead of providing the typical 
development environment based on printed board with 
standard peripherals: LED diodes, triggers, LCD screens, 
power meters and so on, this remote laboratory allows the 
user to develop a mobile robot firmware based on the 
PIC18F4550 firmware. The experience accumulated by 
the people who developed this remote lab, used in their 
microcontroller related subjects, reflects the advantages of 

using Mobile robots for learning microcontroller 
programming. Mobile robots increase student motivation 
for experimentation and as a result improve contents 
learning. The student has to write code for robot behavior. 
The sensors allow detecting the statement of the robot. 
The engines provoke its movement. The PIC18F4550 
microcontroller controls its operation through a code 
(Figure7).  

 

 
Figure 7: WebLab-Bot, based on the AzkarBot Platform 

 

Metaphorically say, engines of Mobile robot are 
muscles; the sensors are the sensitive organs; and the 
microcontroller is the brain that specifies its operation. On 
the other hand, a robot is a conventional software system 
where the sensors are inputs, the engines outputs and the 
microcontroller, the system in charge of executing a 
program that governs the behavior of the system. 
Therefore, a student that is capable to “program” the 
mobile robot is also capable to work with any system 
based on a microcontroller, independently of its nature. In 
order to guarantee the physical robot usability, this 
experiment has been deployed under the WebLab-Deusto 
platform for remote lab integration. A custom-built lab 
server has been implemented as is responsible for 
communication with the robot. This software has been 
developed using C# through the .NET API provided by 
WebLab-Deusto, offering the framework to connect the 
experiment with the WebLab-Deusto main server. All the 
communication between the robot and the server is carried 
out through Bluetooth. Because of this, the lab server must 
be placed in such way that the Bluetooth coverage 
between the robot and the server are guaranteed. 

Under the name WebLab-Box, a robust hardware 
structure that can easily be deployed in other institutions 
to facilitate the deployment of remote experiments, by 
providing all the required instruments (web camera, 
embedded computer, digital/analogue signal provider, as 



 

well as the experiment itself). Main features of WebLab-
Box are the following: 

 Professional equipment including all the 
necessary hardware 

 Plug&Play installation easy to deploy in new 
infrastructures 

 Adaptable to any experiments covering other 
areas of Microelectronics & Embedded 
Systems 

 Integrable in main remote labs platforms 
(iLabs, LabShare, Weblab-Deusto, etc.). 

WebLab-Box allows to students to experiment with a 
very popular Field Programmable Gate Array (FPGA) 
chip, Spartan 3 from Xilinx. The student designs the 
system using VHDL or Verilog and the Design IDE freely 
provided by Xilinx. Once the system is successfully 
synthetized, the student logs in WebLab-Deusto platform, 
reserves the FPGA experiment and physically program the 
Spartan 3 device. The Graphical User Interface provides 
controls to change the inputs of the system and the web 
camera shows the online state of the outputs. 

The combination of the WebLab platform with remote 
development system WebLab-Box allows users to 
experiment with FPGAs or microcontrollers remotely 
without requiring any hardware equipment and 
performing the identical steps in a project development as 
those carried out in a hands-on laboratory. Besides access 
to the laboratory is ubiquitous, being accessible from any 
device providing a web browser and is available 24 hours 
7 days a week. WebLab-Box hardware is shown in Figure 
8. 

 

 
Figure 8: WebLab-Box 

At the Faculty of Engineering of University of Porto 
(FEUP) a remote laboratory of sensitive type – a 
Meteorological Station – has been working on a regular 
basis since 1998. This has been FEUP’s first available 
remote experiment and it has potentiated many different 
relevant works. This sensitive experiment made possible 7 
MSc theses, one PhD thesis and many works in topics like 
Thermic of Buildings, Building Pathology and 
Rehabilitation and Maintenance for the 5

th
 year Building 

Construction option of the Civil Engineering Master 
course.  

At present other different remote labs of sensitive type 
of relevance in the research domain and consultancy have 
been developed at FEUP. For example, Bridge Structural 
Health Monitoring Systems are currently under resources 
of ViBest - Laboratory of Vibrations and Structural 
Monitoring at FEUP as can be identified in a long list of 
activities 
(http://paginas.fe.up.pt/vibest/html/casestudies.html) and 
in some of the impressive studies that have been 
monitored since 2007 (http://vibest.fe.up.pt/shm). Figure 9 
shows one of the remote monitored bridges in Porto. 

 
Figure 9: Infante D. Henrique Bridge and its monitoring system 

(courtesy of ViBest/FEUP) 

Meanwhile, since 2003, the Laboratory of 
Instrumentation for Measurement (LIM) of Mechanical 
Engineering Department at FEUP, started to build its 
remote lab in the field of measurement of physical 
quantities, devoted to undergraduate students. Small 
projects’ funding have been feeding the process of remote 
labs at FEUP. In years 2010 and 2012, Calouste 
Gulbenkian Foundation has funded two one year projects 
on online experimentation where FEUP and Faculty of 
Sciences and Technology of University of Coimbra 
(FCTUC) have been working together. Those projects 
fostered this activity between both faculties and promoted 
the sharing of their resources and their technical expertise, 
too. 

It is important to reinforce the concept of online 
experimentation as comprising remote and virtual 
experimentation aided by virtual reality components, 
augmented reality, sensorial devices, live videos and other 
tools as interactive videos and serious games which 
promote user immersion in virtual environments 
recreating the real experience [8]. 

The main goal of the 2010 project was to create the 
Portuguese Consortium of online experimentation and a 
platform, integrating a database for collecting all the 
national initiatives in remote and virtual labs following the 
defined IAOE ontology. This platform would be able to 
promote collaborative activities and foster the sharing of 
resources at national level but also with other groups in 
Portuguese speaking countries, a large community in the 
world. As a consequence of this, the GOLC consortium 
(The Global Online Laboratory Consortium), 
http://online-lab.org/, [9-10] decided to share resources 
providing the lab2go platform to build its Portuguese 
version. So, the Portuguese version Lab2go is now 
available http://exp.fe.up.pt/lab2go. Since the very 
beginning, online experimentation at FEUP (started with 

http://paginas.fe.up.pt/vibest/html/casestudies.html
http://vibest.fe.up.pt/shm
http://exp.fe.up.pt/lab2go


 

remote experiments) has been shared with Institutions at 
national and international levels. The Instituto Superior de 
Engenharia de Lisboa (ISEL), the Faculty of Sciences and 
Technology of University of Coimbra, the School of 
Engineering of University of Minho, the Faculty of 
Sciences of University of Porto, all in Portugal, and also 
the Universidade Federal de Paraíba, Brazil, the Budapest 
University of Technology and Economics (BUTE), in 
Hungary and recently the University of Ulster and other 
Universities in Brazil, all are examples of cooperation and 
sharing of activities. At FEUP, the developed experiments 
have been supported by a multidisciplinary team which 
has been joining efforts to create many of the virtual and 
remote experiments. 

Some recent developments based in the use of 
microcontrollers have been under testing for providing an 
open system based in freeware solutions in order to 
improve the present most common architecture used by 
remote labs at FEUP, and to provide better performance in 
terms of stability, universality and cost. This solution 
under test also allows to use any type of browser, avoiding 
many compatibility problems. It also allows to develop 
user interfaces for mobiles. 

However the present main architecture for these 
experiments uses the Microsoft IIS main web server 
integrating the Macromedia’s Flash Communication 
Server and the Moodle platform.  Information of FEUP 
remote experiments (system constraints, tutorials, video 
streaming, scheduling system and the access to the 
experiment) in English version are available at: 
http://remotelab.fe.up.pt/, figure 10.  

 
Figure 10. Remote laboratory web page captured from 

http://remotelab.fe.up.pt/(elabs.fe.up.pt) 

 
Each remote experiment has a dedicated computer to 

the web server LabVIEW. Each experimental set-up is 
accessed by the user through this computer and its I/O 
data acquisition card (USB or PCI) from NI. Any user 
may enter as a guest due to compatibility problems 
between the dedicated booking system version and the 
Moodle platform. At the booking system level the user 
may schedule the experiment using a PHP interface - a 
hypertext pre-processor application - [9]. An external time 
server assists in overcoming the loss of time 
synchronization between the main server and lab server, 
[12]. 

All user interfaces provide real time video. The main 
server incorporates the Macromedia Flash Server 
Communication for those labs using webcam video 
delivering. For other experiments requiring sharper and 

faster images or demanding environments, network IP 
cameras are used via an embedded Linux video server 
providing image information in Motion JPEG or MPEG4 
codec in order to get a better result for the final image 
[12]. 

At present the user has to login as a guest. For better 
compatibility Internet Explorer should be used for 
accessing the experiments. The plug-in 
LVRuntimeEng.exe must be installed (available for 
Windows). These aspects are the main limitations 
presented by these remote experiments and they bring, at 
present, inconvenient problems to their effective use. 

Each experiment offers a general description of the 
experiment (“Experiment description”) and a how to use 
the experiment (“How to”). The team involved is 
identified, Figure 11. 

The time slot of the booking system, an html 
application which links the Moodle platform to the 
LabVIEW remote lab software [11], is one hour long. This 
is not adequate for the current experiments. A small 
application named “time out” 15 min long was added to 
the experiment software application to be running as soon 
as the control is granted to the user by the web server of 
the experiment. When it is over, the system application is 
closed and a new user is allowed to go in [12]. 

Most of the online experimentation (remote, virtual and 
augmented reality applications) are used within the 
Electronics and Instrumentation course, for the 
mechanical engineering students’ integrated master degree 
at FEUP: Temperature Calibration Procedure, System for 
Straightness Evaluation, Micro Displacement Remote 
Measurement, Meteorological Station, Level 
Measurement and Control, Mechanical Material 
Characterization, Remote encoders’ tutorial, Virtual 
Michelson Interferometer, HapticBender System, Online 
Virtual System for Straightness Evaluation, augmented 
reality (AR) Straightness Evaluation, haptic device 
interacting with spring constant, bending beam, pulley 
systems, friction movement, AR homogeneous dam, and 
AR DC circuits for STEM.  

 
 

Figure 11. Data available in the experiments 

 

The experiment related to the AR DC circuits to 
Improve STEM motivation in the topic, seems to be of 
interest from standpoint of the NeReLa project objective 
concerning bringing remote engineering experiments into 
secondary vocational school classrooms in order to 

http://remotelab.fe.up.pt/
http://remotelab.fe.up.pt/(elabs.fe.up.pt


 

promote engineering education attractiveness to 
prospective engineering students. The AR DC Circuit 
developed aims to make “to handle” DC electrical circuits 
concepts like open/closed circuit, on-off switch, current 
direction, current intensity, short circuit, series/parallel, 
etc. 

The marker-based technique is used for this AR 
application. The circuit is identified by a main marker and 
five additional markers (two lamps, one dc motor, one 
battery and one on-off switch) are supplied for being used 
in different combinations by associating them with the 
circuit available positions, Figure 12.  

 

 
Figure 11. AR DC circuit 

The user may interact with the circuit by actuating the 
switch, combining elements association, changing the 
battery position, etc., and handling markers like using 
pieces of LEGO. With it different situations will be 
possible to implement and observe the respective results, 
Figure 12. 

 
 

 

Figure 12.  Handling  components 

A preliminary Portuguese version is available at 
http://lipotool.com/circuitos/interactivo2/. The application 
is optimized to Google Chrome web-browse. Accessing it 
anyone can print the markers and the circuit in an A4 
paper format – thick paper and dim ink are recommended. 
Then, by using a simple webcam it will be able to “play 
the game” and to explore it.  

This application has been used with different STEM 
students and very enthusiastic results have been obtained. 

   

CONCLUSION 

Brief overview of NeReLa project key activities as well 
as structure of the project consortium, leading to 
increasing attractiveness of engineering education through 
introducing innovative teaching methods by remote 

experimentation and strengthening university-secondary 
vocational schools collaboration, given by this paper. 

Taking into account that NeReLa project just started, 
expected results concerning introducing remote 
experimentation within engineering education and 
networking of remote labs from Serbian universities and 
some EU universities through NeReLa network didn’t 
fully achieved yet. But, by using rich experience in remote 
experimentation of EU partner institution, the expected 
project outputs and outcomes concerning building 
infrastructure for remote experimentation at partner 
universities, developing a new remote engineering 
experiments, creating Guidelines for techno-pedagogical 
requirements for remote labs as well as designing LiReX 
library of remote experiments and including NeReLa 
network into partners’ networks of remote labs, will be 
certainly achieved.  
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