
 

 

Abstract — The overall objective of the ProSense project was 
to improve the research potential and the capability of two 
research centers in the Western Balkan region, i.e. the Faculty of 
Electrical Engineering and Information Technologies (FEEIT) at 
Ss. Cyril and Methodius University, Skopje, Macedonia, and the 
Faculty of Electrical Engineering (ETF) at University of 
Belgrade, Serbia, and to promote them into wireless sensor 
networking centers of excellence capable of driving the research 
agenda and serving as a seed for development of other similar 
centers in the region. Additionally, there was a selection of two 
distinguished use cases, one for each centre, as beneficial for 
application in the corresponding region: emergency/disaster 
recovery applications (Skopje) and personal health monitoring 
systems (Belgrade). The applications were successfully 
implemented and validated. The benefits from the ProSense 
project are manifold, from the research infrastructure acquired 
to the expertise and knowledge gathered in the area of Wireless 
Sensor Networks (WSNs). This paper presents the WSN 
applications developed at FEEIT within the ProSense project. 
 

Index Terms — ProSense, WSN, Sun SPOT, RFID, 
applications. 
 

I. INTRODUCTION 

NE of the main goals of the ProSense project was the 
improvement of the wireless sensor networking research 

capacity of two research centers in the Western Balkan 
Countries (WBC), i.e. Skopje (FEEIT) and Belgrade (ETF). 
Also, the ProSense project targeted strengthening of the 
scientific and the technical human resources at both research 
centers, which facilitates the on-going and the future research 
and educational activities. The research activities were backed 
by state-of-the-art research infrastructure purchased with 
ProSense funds leading to the establishment of the two 
laboratories as WSN centers of excellence in the WBC region. 
The ProSense project was also intended to disseminate the 
economic and social benefits of potential key applications for 
the region, identifying newly acceptable market potentials in 
the WBC and EU in general. 
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The ProSense project also focused on the establishment of a 
sustainable cooperation framework to support continuous 
collaboration in the wireless sensor networking research field 
between research institutions based in the WBC region, the 
EU convergence regions and member states, particularly under 
the FP7 framework. In that sense, the final benefit from 
ProSense was the profound collaboration with the partners, 
exchange of experiences and participation in great number of 
workshops where the work was presented and awarded. 

This paper overviews the research and development 
activities at FEEIT throughout the ProSense project including 
the acquired research infrastructure and the design and 
development of innovative WSN applications. The research 
infrastructure was chosen according to the current 
requirements and trends in the socio-economic field in 
Macedonia while the applications developed in FEEIT’s WSN 
laboratory formed the basis for further developments beyond 
ProSense. 
 The paper is organized as follows. Section II describes the 
research infrastructure acquired at FEEIT, whereas section III 
describes the applications developed at FEEIT’s laboratory 
during the project. Section IV describes FEEIT’s initiatives 
beyond ProSense. Finally, section V concludes the paper. 

II. RESEARCH INFRASTRUCTURE 

WSNs are recognized as an emerging technology of the 21st 
century [1-2]. Their popularity stems from the various 
capabilities of the sensor nodes within the WSNs. They are 
inexpensive, networkable, smart devices, which can be 
deployed in large numbers in any surrounding. Therefore, 
there are unprecedented opportunities for applications using 
sensor networks and the feasibility depends only on the pool 
of sensors currently available on the market.   

During the ProSense project duration, FEEIT purchased a 
rich set of various state-of-the-art sensors available on the 
market. The cornerstone of this equipment was the Sun SPOT 
technology (Sun Small Programmable Object Technology), 
from Sun Microsystems. The basic characteristic that made 
Sun SPOT modules attractive is that they are fully Java 
capable, which makes the application development simple. 
Sun SPOT is an open source platform based on Java VM, 
called “Squawk”. Apart from Sun SPOTs, FEEIT’s laboratory 
also purchased RFID (Radio Frequency Identification) 
equipment. 
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The equipment acquired during the ProSense project is 
sustainable and is still used irrespective of the initial 
applications developed. It is of general purpose and therefore 
FEEIT has many benefits beyond the scope of ProSense. The 
research laboratory serves as an open laboratory for students 
and researchers and, finally, for supporting the sensor network 
courses at FEEIT. 

III. TEST-BED IMPLEMENTATIONS 

The research work and the test-bed experiments with the 
purchased WSN and RFID hardware equipment led to 
numerous useful applications. Some of the most representative 
demo applications developed at FEEIT are Railway Secure 
Transport, Early Forest Fire Detection, Smart Road 
Monitoring, RFID Item Reminder, etc. Fig. 1 depicts the 
common architecture used for each of these applications. 

 
The following subsections briefly describe each of the 

aforementioned applications. 

A. Railway Secure Transport 

This application focuses on the security and the convenience 
in the railway transport [3], both for people and cargo 
transport. The application showcases the possibilities of the 
WSNs for providing guarantees in the corresponding domain. 

The application uses Sun SPOTs (IEEE 802.15.4), as remote 
WSN nodes, a base station and a variety of smoke (CO2), 
motion, sound, luminosity, temperature and humidity sensors 
(Fig. 2). The Sun SPOTs send data from the measured 
variables to the base station, which in turn resends the data to 
a host application that runs appropriate algorithms to decide 
upon critical situations.  

 
 

B. Early Forest Fire Detection 

This application enables early forest fire detection [4] using 
remote Sun SPOTs attached with temperature, smoke (CO2), 
humidity, and wind speed sensors (Fig. 3). The sensors send 
measured data to the base station, i.e. to the host application.  

 
The host application stores the measured values into a local 

database and can trigger sending SMS messages via GSM 
network in case of an emergency. 

C. Smart Road Monitoring 

The goal of this application is to establish a Vehicular 
Sensor Network (VSN) to increase the safety on the streets 
and the roads [5]. The VSN application monitors in real time 
whether the drivers comply with the traffic signs or not. If the 
drivers do not behave in accordance with the traffic rules they 
receive warning message. The application monitors crossroad 
and detects whether the drivers are stopping at STOP sign, 
drive too fast or drive in wrong direction.  

 
Fig. 4 shows the architecture of the VSN application. The 

Sun SPOT nodes are attached to the vehicles – Vehicle Nodes 
(VN) and they communicate with Sun SPOT node placed 
beside the road – Roadside Node (RSN). The Sun SPOTs also 
possess accelerometer, tachometers and distance sensors. The 
Sun SPOT attached on the vehicles process the data and 

 

 
Fig. 1. Architecture of the developed testbeds. 

 

 
Fig. 2. Secure railway transport example. 

 

 
 
Fig. 3. Architecture of the Early Forest Fire Detection application 
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Fig. 4. Architecture of the Smart Road Monitoring application. 



 

decide whether some traffic rule is violated or not. RSN sends 
message to the Data Center (DC) with vehicle identification 
code, its speed and information about possible traffic rule 
violation. DC stores the information in database with 
possibility of sending alarm messages to the authorities. 

D. RFID Item Reminder 

This application demonstrates the usage of RFID 
technology for facilitating everyday human activities [6]. 
Specifically, it gives warning messages if person forgets to 
take some commonly used items (e.g. keys, books, glasses, 
backpacks, or other items). For this purpose, all items of 
person’s interest are equipped with passive UHF 96-bit Gen2 
RFID tags. The 860 to 960 MHz Gen2 RFID Reader/Writer is 
mounted at an exit door, which is connected with a local 
ADO.NET database installed on a PC. The Graphical User 
Interface (GUI) at the PC enables the user to add new items on 
the list. When the RFID reader at the exit door detects that 
some of the tagged items passed the door while others did not, 
the algorithm decides that undetected items are forgotten and 
alerts the person by sound signal, SMS, or e-mail message. 
This application also serves for security surveillance of items 
that should never leave the room (e.g. printers, computers, TV 
sets, etc.). In this case, application sends alert messages (SMS 
or e-mails) when it detects that such items pass the door. 

IV. BEYOND PROSENSE 

The research infrastructure obtained during the ProSense 
project formed the basis for further developments in the area 
of sensor networks at FEEIT. Using the knowledge and 
expertise acquired with ProSense, several additional 
applications were developed involving students and 
researchers. 

A. Smart Institute 

The main idea of the Smart Institute application is to create 
intelligent Institute of telecommunications at FEEIT aware of 
the environment. Fourth year undergraduate students 
developed this application during the course Personal and ad-
hoc networks. The demo application completely reused the 
sensor nodes and the Sun SPOTs platform acquired with the 
ProSense project. The main functionalities were light and 
curtains management, air conditioner management and noise 
management. The data was stored in a database and 
represented in real-time on a GUI. 

B. SmartWine 

SmartWine is a pilot project developed outside the scope of 
ProSense by researchers in WiNGroup (Wireless Networking 
Group), which is part of the CWMC (Center for Wireless and 
Mobile Communications) at FEEIT. The main idea is 
monitoring the complete wine production process (from grape 
cultivation to wine fermentation and storage) via Internet 
cloud web application. 

Using a WSN platform, the application measures the 
following parameters: air pressure, air temperature, humidity, 
soil moisture, soil temperature, solar radiation, ultraviolet 
radiation, and leaf wetness. Beside the sensors of the WSN 
network, additional fermentation sensors are integrated in the 

application to monitor the temperature along with sugar and 
alcohol levels in the grape must during its fermentation 
process. A novelty introduced in SmartWine was the 
possibility to predict some common illnesses of the vines. 

The Smart Wine application was recognized by the national 
telecom operator and won an innovation prize for 2013 in 
Macedonia. 

 

C. Health monitoring 

The growing number of elderly people yields increased 
demand for assisted living solutions. Considering such 
requirements, FEEIT developed in-home elderly care 
application, enabled with Sun SPOT WSN and RFID 
technology [7]. The solution provides assisted living and 
improved care of elder through home surveillance, item and 
medication usage reminder and early warning of potential 
dangerous situation (e.g. fire, gas leakage etc.). 

 

D. Spectrum sensing 

Wireless communication services, including WSNs, emerge 
in healthcare environments with a variety of e-health 
applications collecting medical data and patient information. 
Possible WSN ambient surveillance must consider the 
coexistence challenges to minimize the impact towards the 
medical devices operating in the same frequency band. To 
mitigate the interference problems in the crowded wireless 
bands, WSNs may efficiently utilize the dynamic spectrum 
access concept introducing cognitive radio paradigm. FEEIT 
developed demo application for cognitive radio enabled WSN 
deployed in medical surroundings [8].  

 
The sensor network (secondary user) provides real-time 

surveillance in hospitals, and the cognition capability is 
performed to avoid the possible interference to the coexistent 
wireless systems (primary users e.g. patients’ telemedicine 
services). The proof-of-concept application is performed on a 
Sun SPOT test-bed platform. It demonstrates the WSNs ability 
to dynamically adjust the transmission parameters (i.e. 
frequency) thus minimizing the interference to the wireless 
systems of primary importance in the medical surroundings. 
Fig. 5a, b, and c show the test-bed behaviour. Spectrum 
measurements are performed with a spectrum analyser in the 
Sun SPOTs vicinity. 

 
The secondary user communication starts in channel 26 

(2480 MHz according to the IEEE 802.15.4 standard). When 
primary user transmission occurs on that frequency, the 
secondary user communication switches to a new channel with 
low activity, i.e. channel 12 (2410 MHz). The spectrum 
measurements capture the permanent IEEE 802.11 (Wi-Fi) 
activity in the 2.4 GHz band (Fig. 5a, b and c), the Sun SPOTs 
secondary user activity before (Fig. 5b) and after (Fig. 5c) the 
spectrum handoff as well as the initiated primary user 
transmissions on channel 26 that cause the spectrum mobility 
(Fig. 5c). 



 

 

 

E. Radio Environmental Maps 

Spectrum sensing is a fundamental feature of cognitive 
radio technologies facilitating detection and localization of 
spectrum opportunities. Combined with centralized database 

storage, it fosters reliable spatial spectrum measurements and 
Radio Environmental Maps (REMs) construction [9] that can 
provide an accurate insight in the spectrum utilization over 
time, space and frequency.  

This application introduces a novel REM construction 
platform that integrates several mid- and low-end spectrum 
sensing devices into a single heterogeneous test-bed. The 
devices of interest are USRP2s, TI RF2500 and Sun SPOTs, 
which are upgraded with custom developed software for 
providing versatile spectrum sensing capabilities.  

Fig. 6 shows the spectrum measurement at 2.4 GHz band 
performed by the Sun SPOT device. Spectrum occupancy is 
measured as Radio Signal Strength Indicator (RSSI) at indoor 
environment with Wi-Fi___33 activities. 

 

V. CONCLUSION 

The theoretical and practical knowledge gathered within the 
ProSense project was a starting point for FEEIT in the 
development of WSN applications. Apart from obtaining the 
research equipment, the acquired expertise was more than 
beneficial for future teaching and research at FEEIT. 
 The applications developed in the scope of ProSense were 
presented at various events, conferences, workshops, seminars 
and summer schools. The WSN seed planted by ProSense in 
Skopje is enabling future development of this exciting and 
novel technology promoting FEEIT as a relevant WSN 
research entity worldwide. 
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a. Spectrum occupancy by the WiFi without secondary or primary 
user activities 

 

 
 

b. Spectrum occupancy by the WiFi and secondary user activities on 
channel 26 (before spectrum hand-off) 

 
 

c. Spectrum occupancy by WiFi, secondary user on channel 12, and 
primary user activities in channel 26 (after spectrum handoff) 

 
Fig. 5 (a-c) Spectrum occupancy and spectrum handoff of the secondary 

user due to the primary user activity 

 
 
Fig. 6. Spectrum measurement performed by the Sun SPOT device 
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