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Abstract - Wireless sensor networks aim to improve 
different aspects of our lives. This technology is 
experiencing true expansion for the past decades. 
Main concept in these systems is a sensor node, 
small microprocessor integrated with number of 
sensors. The sensor functions imply the WSNs’ 
course of utilization. Possibilities are enormous. This 
paper focuses on WSNs utilization in medicine. In 
order to present the current state in this research 
field, few particular projects have been selected and 
compared.  
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Introduction 
 
Wireless Sensor Network (WSN) is a set of 
small, autonomous devices, working together to 
solve different problems. It is a relatively new 
technology, experiencing true expansion for the 
past decade.  
 
Research in the field of nanostructures and 
sensors has brought real opportunities for 
development of WSNs. People have realized 
that integration of small and cheap 
microcontrollers with sensors can result in 
production of extremely useful devices, which 
can be used as an integral part of the sensor 
nets. These devices are called sensor nodes. 
Nodes are able to communicate each other over 
different protocols. Studies, in the field of 
communication protocols for wireless sensor 
networks, are particularly interesting, and rely on 
various network topologies. Issues, addressed 
by communication among nodes, include power 
management, data transfer, mobility patterns, 
etc. 
 
Like it was mentioned before, WSNs present 
new technology. History of this concept begins 
at University of California (UC), Berkley, with 
Smart Dust project, which was funded by 
Defense Advanced Research Projects Agency 
(DARPA) [1].  The aim of this project was to 
develop self-organized, millimeter-scale 

hardware platform for distributed WSNs. 
Primary, this was a military application which 
resulted in development of relatively large 
sensor nodes. Later miniaturization process 
brought much smaller devices, with solid 
sensing and communication capabilities.  
 
One of the key points in the history of wireless 
sensor networks was the implementation of 
energy-efficient software platform, Tiny OS, 
operating system, also developed at UC. Further 
development lead to implementation of different 
software platforms for WSNs.  
 
Soon, people have understood that, by putting 
sensor nodes to work together, infrastructure 
improvement and problem resolving can be 
achieved in different fields. The opinion, which 
was generally accepted, points on the low cost 
of this technology and its endless benefits. 
Today, sensor nets are used in agriculture, 
ecology, tourism, but medicine is the area where 
they certainly meet the greatest potential. 
 
Today’s healthcare 
 
Nowadays, healthcare system is highly complex. 
List of elderly people and people in need for 
continuos care increases every day. Medical 
staff faces with more and more challenges each 
year. This opens serious questions in the 
domain of interest, which must be answered in 
the best way possible. 
 
Problem solving must include detail analyses of 
the current state in order to form good and 
functional system which resolves the satisfying 
number of issues. Wireless sensor networks can 
offer this kind of solution. 
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WSNs – Existing medical 
applications (EXMAs) 
 
The stress of this paper present short overview 
of medical applications based on WSNs, being 
developed in large research sectors. Projects, 
we will be talking about, are simply unified as 
EXMAs, and further will be specified so. EXMAs 
are recognized as significant part of today’s 
research activities in the area of medical 
appliances of sensor networks. By highlighting 
the essence of these applications we 
understand the way WSNs can facilitate medical 
proficiency. 
 
Firstly, some important issues, EXMAs are 
facing and which must be resolved during the 
implementation or deployment phase, will be 
indicated. Then, the technologies WSNs rely on 
will be emphasized, and a comparison of few 
selected applications will be given. 
 
EXMAs – Important issues 
 
The main issues of medical applications, based 
on wireless sensor networks, can be divided into 
three categories: 
 

• technical issues 
• social issues, and 
• personal issues 

Three specified domains cover remarkable 
number of problems. First one, the domain of 
technical issues, is common to all applications 
depending on WSNs. Social and personal 
issues are more related to health applications.  
 
Technical issues include power management, 
communication protocols, network’s reliability, 
and security.  
 
Power management is the most important part 
of any WSNs’ infrastructure, because of the fact 
that energy is limited. Data sampling costs 
power as well as data processing, but the 
biggest energy part is consumed by data 
transfer. Designers of sensor nets must 
accurately define how the data will be 
transferred through the network, in order to 
preserve energy as much as possible.   
 
Communication protocols are another type of 
technical issues. Well structured protocols aim 

to resolve all the problems engineers face with. 
This includes power management, but also 
reliability and security, and other problems like 
congestion avoidance, load balancing, real time 
services, etc.  
 
The stated concepts are real problems in the 
world of sensor nets, and improvement in this 
area is crucial part of researches.  
 
Security could be referred as technical, but also 
as social issue. Data security and privacy must 
be provided in order to achieve acceptance of 
WSNs’ technology. People are not willing to 
share their privacy, so different encryption 
techniques are used to secure data transfer 
through sensor networks. In case of medical 
applications, security of transferred data can be 
compared to doctors’ ethic.  
 
Besides security, social issues refer to general 
sensor nets’ impact on social life. This 
technology must be well fitted into existing 
infrastructures. Earlier, it was mentioned that 
first designs of sensor nodes were quite large 
and that it was not satisfying.  
 
New devices are small, but miniaturization 
process aims to produce even smaller and well-
designed nodes. Nowadays, people carry a 
number of devices, mobile phones, I-pods, GPS 
devices, so the list expansion should not be a 
problem, as long as new devices fit into the 
profile.  
 
Personal issues have physical and psychic 
face. Sensor nets, in any way, may not harm 
patients’ health. These issues are probably the 
most important aspect which must be resolved 
before any serious network implementation. At 
this point, it is important to have in mind that 
WSNs aim to improve patients’ lives, and not to 
compromise them. 
 
 
EXMAs – WSNs vs. existing 
infrastructures 
 
It is very important to highlight one of the most 
powerful advantages of WSNs, their ability to fit 
into existing solutions, and not to interfere 
among them. Here, some networking 
infrastructures will be mentioned, and the 
hierarchy of WSNs and those infrastructures will 
be discussed (Figure 1). 
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Figure 1: Hierarchy of WSNs and existing 
infrastructures   
 
Today’s face of networking is very different to 
the same face, just the couple decades before. 
Many new technologies have been developed 
and standardized. One of the advantages of 
wireless sensor networks is its compatibility with 
these technologies. 
 
WSNs rely on existing infrastructures in order to 
provide real time services. Radio frequency 
identification (RFID) is low-power technology 
with number of benefits. Today, RFID tags are 
widely used for device tracking, so they can be 
used to keep track of sensor nodes.  
 
Locating is an essential part in some projects 
based on WSNs, for example, emergency 
response applications. Global Positioning 
System (GPS) can be identified as basic 
supporting technology in this area. 
 
Data, collected by sensor nets, need to be 
transferred and presented in some way. 
Choosing the Internet as representation portal 
seems like the most appropriate solution. This 
can be done over General Packet Radio Service 
(GPRS).  
 
Internet connectivity can also be reached over 
wireless local area networks (WLANs/802.11). 
Representation of the same data on mobile 
phones can be achieved via Bluetooth 
technology.  
 
Basic technologies, sensor networks rely on 
have been introduced. Combining of different 
frameworks leads to deployment of different 
appliances of sensor nets, wireless personal 
area networks (WPANs) or wireless body area 
networks (WBANs). 
 
 
 
 

EXMAs – State of the art                
 
Different projects, based on WSNs, are being 
developed, worldwide. These projects can 
mostly be referenced as academic researches, 
still finding their way into industry sectors. Here, 
couple of projects with different interests will be 
mentioned, and a corresponding comparison will 
be given.  
 
The comparison will be done in terms of general 
description and expected contribution.  This 
overview aims to discover the progress which 
has been made in the area of EXMAs, for the 
past few years. Purpose of this preview is to 
provide persons, willing to develop something 
similar, with well fundamental knowledge. Before 
development some research needs to be done, 
so this paper lists some of the projects already 
been developed in order to address things which 
must be taken into consideration.     
 
UbiMon project 
 
UbiMon (ubiquitous monitoring environment for 
wearable and implantable sensors) is the 
architecture for distributed mobile monitoring, 
developed at Imperial College London.  
 
The aim of this system is to provide continuous 
management of patients under their natural 
physiological states so that transient but life 
threatening abnormalities can be detected and 
predicted [2].  
 
The use of wearable and implantable sensors is 
the area of research with a promising future, and 
the UbiMon system presents the framework for 
integration of these sensors into the body sensor 
network (BSN).    
 
UbiMon – contribution 
  
The UbiMon system, besides continuous 
patients’ monitoring in their natural environment, 
provides the architecture for collection, gathering 
and analyzing data from a number of biosensors 
(wearable or implantable). Another significant 
aspect provided with this architecture is the 
context awareness which enables the capturing 
of any clinical relevant episode.    
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Satire project 
 
Satire (software architecture for smart attire) is a 
wearable personal monitoring service, 
developed through cooperation between 
University of Illinois and University of Virginia. It 
allows users to maintain a private searchable 
record of their daily activities as measured by 
motion and location sensors, which are two of 
the most popular sensing modalities in personal 
instrumentation [3]. The main idea is to deploy 
non-obtrusive wearable monitoring platform for 
data sensing, local storage and occasional 
upload in order to satisfy medical, safety, 
personal or entertainment reasons. 

Satire – contribution  
 
Major contribution of the Satire system is user 
transparency. Project’s goal includes the 
implementation of the service which provides 
information collection, storage and uploads 
without explicit input or maintenance, required 
from the user. Satire presents new wearable 
platform limited by the currently available off-the-
shelf components. 

Alarm-Net project 
 
Alarm-Net is a wireless sensor network for 
assisted-living and residential monitoring being 
developed on University of Virginia. It integrates 
environmental and physiological sensors in a 
scalable, heterogeneous architecture [4]. The 
focus of this network is to provide smart 
environment and to secure patients’ monitoring 
on daily basis. This project aims to facilitate the 
concept of health care by including informal 
caregivers, such as family, friends, and patients’ 
themselves in the process. Early detection and 
prevention of diseases insures costs’ reducing 
with simultaneous care quality maintenance.  
 
Alarm-Net – contribution  
 
Contributions of the Alarm-Net system include 
development of scalable, heterogeneous 
network, based on custom hardware 
components; implementation of context aware 
protocols, informed by CAR analysis, which 
enable smart power management and dynamic 
alert-driven privacy depending on individual’s 
activity patterns; design of SecureComm 

messaging protocol which supports user based 
decisions for selection of security policies.    

BikeNet project 
 
BikeNet is an extensible mobile sensing system, 
being developed through collaboration of 
Dartmouth College and Columbia University, for 
cyclist experience mapping leveraging 
opportunistic sensor networking principles and 
techniques. It represents a multifaceted sensing 
system and explores personal, bicycle and 
environmental sensing using dynamically role-
assigned bike area networking [5].  

BikeNet – contribution  
  
Contributions of the BikeNet system include 
cyclist performance and fitness management by 
collecting data about cyclist’s current and 
average speed, distance travelled, calories 
burned, along with time and location metadata; 
environment and experience mapping by 
emphasizing the healthiness levels in terms of 
pollution, allergens, noise, and terrain’s 
roughness; long term performance trend 
analysis which enables the upload of data traces 
into personal repository and selective data 
sharing; data collection and local presentation 
customized by cyclists; data query and remote 
presentation on the web-based portal; 
disconnected operations which refer to 
opportunistic networking paradigm, or the fact 
that data uploading happens according to the 
opportunities that arise as a result of cyclists’ 
uncontrolled mobility.    
 
Conclusion 
 
To conclude, the expansion of WSNs for the 
past few years will be emphasized. This 
certainly is a rising technology. Like it was stated 
before, great advantage of sensor nets is their 
compatibility to existing infrastructures. Another 
advantage lies in the fact that these networks 
meet a number of completely different 
appliances, agricultural, ecologic, and especially 
medical. Miniaturization of sensor nodes and 
overcoming of demonstrated issues will bring 
more sophisticated solutions and applications. 
 
With all new technologies we face with problem 
of failure or success. Despite the promising 
features, risks of failure are always present. In 
order of overcoming this problem some 
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necessary points must be done. First of all, start 
with theoretical basses’ learning, and then do 
some practical work in order to gain knowledge 
and to improve the state of the art. 
 
Existing medical applications based on wireless 
sensor networks are still research projects with 
good potential for utilization. Great number of 
medical scenarios is being covered with these 
applications and that opens wide spectrum of 
benefits for caregivers. They should be able to 
provide the necessary care whether in 
emergency situations, or in some hospital 
environments, or in form of smart homes. A lot 
of effort needs to be done before the EXMAs’ 
ultimate aim is reached. In this case, the 
ultimate goal implies the improvement of human 
lives.  
 
For the end, from this very point, it can be said 
that the future of WSNs and their medical 
appliances looks highly promising. 
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