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1. Introduction 
 

Lot of research has been undertaken during the 
past decade in the area of Wireless Body Area 
Networks (WBANs). Sensor technology is leading to 
the development of distributed mechanisms and small 
devices with low energy consumption. These devices 
are capable of processing information locally and 
communicating wirelessly with other elements. These 
devices are called sensor nodes or motes. In some 
cases, sensors are necessary to sense the information 
from the environment in the surroundings. While 
they are sensing, they have also to communicate 
between them and/or with a central server. On the 
other hand, a monitored environment doesn’t have 
infrastructure to supply energy for communication. 
So, motes must work with small batteries and use 
wireless channels. Batteries are, as a consequence, 
kept small and energy consumption of the devices 
needs to be reduced. In some applications, a 
WBAN’s sensor/actuator node should operate while 
supporting a battery life time of months or even years 
without intervention. For example, a pacemaker or a 
glucose monitor would require a lifetime lasting more 
than 5 years [1-3].  

Especially for implanted devices, the lifetime is 
crucial. The need for replacement or recharging 
induces a cost and convenience penalty which is 

undesirable not only for implanted devices, but also 
for larger ones.  

Another feature of the body area networks is their 
capacity of distributed processing. It is necessary 
because, the communication is the process that 
consumes more energy. A distributed system means 
that some sensors need to communicate through long 
distances. So, it is a good idea to process locally data 
as much as possible in order to minimize the bit rate. 
A WBAN is expected to be a very useful technology 
with potential to offer a wide range of benefits to 
patients, medical personnel and society through 
continuous monitoring and early detection of possible 
problems. Based on the WBAN, a wide range of 
novel applications are enabled, such as ubiquitous 
health monitoring, computer-assisted rehabilitation, 
emergency medical response system, and even 
promoting healthy living styles. In ubiquitous health 
monitoring, the WBAN frees people from visiting the 
hospital frequently, and eases the heavy dependence 
on a specialized workforce in healthcare [4, 5]. Thus, 
it is a desirable technique to quickly build cost-
effective healthcare systems, especially for countries 
that are short of medical infrastructure and well 
trained staff. In an emergency medical response 
system temporary WBANs can be rapidly deployed 
with minimum human effort at a disaster scene so 
that the vital signs of injured patients can be 
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monitored and reported to the remote health center in 
time, which is potentially capable of saving the lives 
of numerous people [6, 7]. 

Wireless Body Area Networks and their 
applications has been a popular research field 
because they provide a lot of facilities in our society. 
Nowadays, the WBANs literature has large number 
of researches and studies. A pioneering work related 
to sensor networks identified the main characteristics 
of this type of networks. An example is the paper “A 
Survey on Sensor Networks”, [8] which analyses the 
state of the art of sensor networks and describes their 
characteristics, architecture, and protocols, where 
only some routing protocols and types of networks 
are analyzed, but only in the health and environment 
fields [9]. Standards, protocols, and others important 
aspects about sensor networks are described in the 
paper .Most of the surveys related to sensor networks 
describe their characteristics in great detail, but, in 
our case, the main contribution is that the survey is 
focused on analyzing and describing the fields of 
application. In addition, examples about real 
implementations are given in each field of 
application. 

Wireless Body Area Networks (WBANs) are 
composed of wireless nodes, ranging from hand-held 
devices such as mobile-phones, over smart objects in 
the environment to miniaturized sensor nodes 
interacted into garments. These devices provide a 
heterogeneous collection with varying capabilities in 
terms of sensors, actuators, processing power, 
memory, and available energy. The number and type 
of devices forming a WBANs change over time, as a 
result of the interaction with other WBANs, e.g. 
people exchanging objects, or between the WBAN 
and the environment, e.g. clothes or objects taken 

from chairs. Wireless Body Area Networks are 

formed dynamically because the connectivity 
between nodes depends on their position and their 
position variation over the time. A sensor node is 
composed by a transmitter, a receiver, and it offers 
services of routing between nodes without direct 
vision, as well as records data from other sensors. 
The following are some of the technical features [6, 
26] of WBANs: 

• Dynamic topologies: In a wireless body area 
network, the topology is always changing because 
nodes can fail or new nodes can join the network. 
These changes affect the communication between 
sensors. 

•Variability channel: The radio channel is highly 
variable. There are several phenomena, such as the 
attenuation, fast fainting, slow fainting and 
interference that can cause data errors. 

• Failure tolerance: A sensor node should be able 
to continue operating despite of the existence of 
errors in the system. 

• Multi-hop or broadcast communications: This 
type of networks use any routing protocol to enable 
communications multi-hop, although it is also very 
common the use of messages sent in broadcast. 

• Power saving: It is one of the most important 
features in these networks. Currently, the motes have 
limited energy. A sensor node should have an ultra 
low consumption processor and transceiver radio. It 
is one of the most restrictive features. 

• Limited hardware: In order to get an adjusted 
consumption, the hardware should be simple; this 
brings a limited process capacity. 

• Reliability: The data mostly consist of medical 
information hence high reliability and low delay is 
required [7]. 

In this paper the technical aspects of WBANs are 
studied with possible applications in different field 
like medical, military and so on. 
 
 
2. Wireless Body Area Network 

Architecture 
 
In this section, the generic architecture of body 

area networks is given. First, introduction to the 
motes, their architecture, and their main features are 
given then, description of communication protocol 
stack used in these networks and analyzation of each 
layer is provided. 
 
 
2.1. Sensor Nodes of WBANs 
 

A WBAN is formed by sensor nodes, also called 
motes. Despite of what they are measuring with their 
sensing unit, a mote needs to process the data, to 
store it, using a processing unit, and transmit the 
information to the network, by using the 
transmitter/receiver unit and taking care of how much 
energy is available in its power unit. The processing 
unit has a processor chip, usually a microcontroller, a 
volatile memory, and a non-volatile memory. Its 
main components are shown in Fig. 1. The main issue 
in today’s mote development is to minimize their size 
for optimizing their power supply. A wireless body 
area sensor network is a group of motes that 
cooperate to do a specific task [10]. The precision of 
their tasks depends on the density of the scatter and 
on their coordination. Originally, they were formed 
by a small number of motes that were connected with 
a central station.  

 
 

2.2. Operating Systems for WBANs 
 
A major difference between sensor networks and 

more traditional computing platforms, it is the 
extreme emphasis in sensor networks on power 
management. A large number of applications require 
battery-powered operation for extended periods of 
time. In order to manage power efficiently, each 
subsystem of the platform is powered individually. 

 



Sensors & Transducers, Vol. 154, Issue 7, July 2013, pp. 113-119 

 115

 
 

Fig. 1. Components of a node. 
 
 

In spite of WSNs have a short history, there are 
several enterprises working in this technology. It has 
integrated sensors, radio, antenna and 
microcontroller. Besides it can be easily 
programmed. Finally, Shockfish is a Switzerland 
enterprise that developed TinyNode [11]. Table 1 
summarizes the main features of these motes. Several 
operative systems have been developed for the motes. 
 
 

Table 1. Comparative of motes. 
 

 
 
 

Their main functions are divided into the following 
subsystems: 
- Management of processes; 
- Management of structures of data; 
- Organization of neighbors; 
- Network interface. 
The programming of sensors is quite complicated 
because they have a limited calculus capacity and 
very few resources. Several programming languages 
have been developed to program the motes.  
 
 
2.3. Protocol Stack 
 

In order to enable the communication and data 
transfer between two sensor nodes there have to be 
some rules and conventions. A protocol defines the 
behavior of their connection and how they exchange 
information over a network medium. The 
communication process between motes and how 
information from a mote moves through a network 
medium to another mote is implemented using layers. 
Each layer is reasonably self-contained so that the 
tasks assigned to each layer can be implemented 
independently. This enables the solutions offered by 
one layer to be updated without adversely affecting 
the other layers. The sensor module shown in Fig. 1 
has 4 layers. The first three layers handle data 
transport issues. A wide variety of communication 
protocols exist for each one of them [8, 9]. 
 

3. Wireless Body Area Networks 
Applications 

 
Here, a few applications of WBANs have been 

usefully implemented or have a big potential to be 
implemented are given. 
 
 
3.1. Real Deployments for Health 
 

Fielding health-related deployments, WBANs can 
provide a better quality of life for people with physic 
or psychic difficulties. There are several main 
subfields, such as: 
 
 
3.1.1. Human Body Implementations and 

Body Parameter Measurements 
 

Sensors let control important parameters of the 
human body like the heart rate or the blood pressure 
in order to diagnose the illness and identify a 
particular health problem. Some similar applications 
include Glucose level monitors [12], organ monitors 
[13], cancer detectors [14] and general health 
monitors [15]. The idea of embedding wireless 
biomedical sensors inside human body is promising, 
although many additional challenges exist: (i) the 
system must be ultra-safe and reliable, (ii) it requires 
minimal maintenance, and (iii) must deal with the 
energy-harnessing from body heat. With more 
researches and progress in this field, better quality of 
life can be achieved and medical cost can be reduced. 
It is a wireless capsule that is ingested and can help to 
diagnose of stomach disorders. A little medical 
device developed by Buffalo [16]. The intelligent pill 
is taken in by a patient and begins to transmit 
information to a receiver. This receiver is carried by 
same patient and gathers data from the stomach while 
the pill goes over it. Some of these devices include a 
microscopic camera. This system helps to diagnose 
stomach-ache and others stomach disorders that 
affect 20 % of the humans. Sensor (pill) transmits 
information on levels of acidity, pressure, or time of 
digestion, while it is travelling in stomach. The 
capsule is thrown out two days after and it is 
recovered for its analysis and for downloading data. 
Another example was presented by Loren et al. in 
[17]. This work describes a biomedical application: 
i.e., the artificial retina. Retina prosthesis chip 
consists on 100 micro sensors that are built and 
implanted within human eye. This allows patients 
with no vision or limited vision to see at an 
acceptable level. The wireless communication is 
required to suit the need for feedback control, image 
identification and validation TDMA is used for this 
application to serve the purpose of energy 
conservation because the communication pattern is 
deterministic and periodic. Huan-Bang Li et al. 
proposed body area networks for three categories 
Medical and Healthcare Applications, Applications 
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for assisting persons with disabilities, and 
Entertainment applications [18]. Authors proposed 
Zigbee and Bluetooth technology for the sensors. 
Bartosz P. Jarochowski et al developed an application 
to rehabilitation centres [19]. In this system a 
personal node is located on the patient, for example 
on a belt clip or incorporated into an arm-band. This 
node stores information about the patient’s session 
rehabilitation exercises and it is possible to obtain 
some statistics. Finally, the information can be sent to 
the medical control centre. Then, it can be analyzed 
by the doctors in order to improve the treatment for 
the next session, if it is needed. 
 
 
3.1.2. Health Control, Monitor,  

and Tracking Systems 
 

These systems have many applications. They can 
be used by patients who are very ill and can’t go out. 
They can be controlled remotely by doctors. There 
are many proposals for monitoring elderly people and 
for tracking people with Alzheimer. In 2006, Bo Sun 
Hwang et al. developed a monitoring system which 
was focused on the activities of an individual daily 
living in a home [20]. Sensors communicate through 
the Bluetooth protocol.  

The system detects the movements of a subject 
and then his/her activity pattern and position in a 
home is analyzed by a tracking algorithm. A. Wood 
et al. presented ALARM-NET in [21], a wireless 
sensor network for assisted-living and residential 
monitoring. It integrates environmental and 
physiological sensors in a heterogeneous architecture 
to determine circadian activity rhythms of residents. 
In 2007, Yaw-Jen Lin et al. presented a ubiquitous 
monitor system integrated with biosensors and Radio 
Frequency Identification (RFID) technology [22]. 
The system was expected to improve the Activity of 
Daily Living of the disabled and elderly people, to 
detect the emergencies or accidents in order to 
enhance the quality of care. Wireless sensor networks 
can be used by the military for a number of purposes 
such as monitoring militant activity in remote areas 
and force protection. Being equipped with 
appropriate sensors these networks can enable 
detection of enemy movement, identification of 
enemy force and analysis of their movement and 
progress. The focus of this article is on the military 
requirements for flexible wireless sensor networks. 
Based on the main networking characteristics and 
military use-cases, insight into specific military 
requirements is given in order to facilitate the 
reader’s understanding of the operation of these 
networks in the near to medium term (within the next 
three to eight years). The article structures the 
evolution of military sensor networking devices by 
identifying three generations of sensors along with 
their capabilities. Existing developer solutions are 
presented and an overview of some existing tailored 
products for the military environment is given. 
 

3.1.3. Developments to Make the Life Easier 
for Disabled and Elderly People 

 
Marjorie Skubic presented in [23] a 

multidisciplinary project to investigate the use of 
sensor technology to provide early identification of 
problems in mobility and cognition, helping residents 
manage illness and impairments and stay as healthy 
and independent as possible. It uses an event-driven, 
video sensor network that hides identifying features 
of the residents and a reasoning component that fuses 
sensor and video data and analyzes patterns of 
behavioral activity. Many other sensor networks 
deployments exist for a wheelchair to avoid collisions 
such as the one presented by R W. Gunderson et al. 
[24]. Their development consisted on a range of 
sensors mounted on to wheelchairs to provide 
navigation feedback and obstacle detection. More 
sub-fields can be found but there are not so many 
deployments as the ones described before. One of 
them is to control drug administration in hospitals. 
Patients have sensor nodes that monitor their diseases 
and required medications. So, any doctor will 
prescribe always correctly drugs for that patient.  

In addition, doctors may also carry a sensor node, 
which allows other doctors to locate them within the 
hospital. The other one is the use of sensor networks 
to control and monitor epidemics produced in any 
place of the world Maps of risk can be extracted 
using sensors, that is, knowing which places are 
infected or could be in the near future.. This modular 
system is formed by different subsystems and it can 
combine them according to the patient needs. Its most 
interesting contribution is the capacity of automating 
the house. It is a great advance for reduced mobility 
people. For example, the system can open a door; 
close a window or turn down a blind. Besides, this 
system can sense some vital signals. It has a useful 
application for elderly and cognitively disabled 
people. This system is composed by several fixed 
sensors that locate a patient at home and, working 
together with wearable sensors, collect data to 
determine what bathroom activities are being done in 
order to know the state of the patient. To control the 
main vital statistics and the intensity and duration of 
rehabilitation exercises that a patient has to make at 
home is possible with the system. However, its main 
advantage is its ubiquity, that is, wherever the patient 
is placed. It is possible thanks to the combination of 
ZigBee (or Bluetooth) and a personal device like a 
mobile phone or personal digital assistant (PDA) with 
GPRS/3G data network connection. 
 
 
3.2. Real Applications for the Environment 
 

This type of applications should have a not 
invasive character in order to avoid alterations to the 
environment. Besides, it should be a robust and 
precise system in order transport all the data to the 
control point without errors. It should also be a low 
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cost system, because it is implemented outdoors with 
batteries and maybe some nodes break down and 
should be replaced. Applications based on the 
detection of natural disasters, monitoring and control 
of agriculture, ecosystems and geophysical studies, 
flood detection, precision agriculture, biological 
complexity mapping of the environment and forest 
fire detection can be also included in this field. Some 
real applications for the environment are the 
following: 

At the island Great Duck, close the coasts of 
Maine, USA, there is a network of sensor nodes used 
for monitoring microclimates at refuges and 
surrounding areas where marine birds nest . It allows 
investigators to supervise at-risk species and its 
habitats. Intel Research Laboratory in collaboration 
with Atlantic College (Bar Harbor) and University of 
California in Berkeley distributed 32 motes in the 
island. Each mote had a microcontroller, a low 
potency radio, a memory and some batteries to 
monitoring temperature, humidity, pressure, and 
infrared emissions at mid-range. Motes send their 
data to station bases of the island and they are 
connected to Internet by satellite to permit the access. 
 
 
3.3. Real Deployments for Industry 
 

WSNs can improve many industrial and 
commercial applications for monitoring office 
buildings, intelligent museums, industrial sensing, 
product quality control, robot control and guidance, 
etc. These areas are very different, but WSNs can be 
used in all of them in order to monitor and help to 
manage the systems. WSNs are also widely used for 
vehicle industry. They are used for a large variety of 
issues related with monitoring and control functions 
for motor management and systems of certainty and 
comfort (ASR, ABS, airbag, adjustment of the safety 
belt, air conditioning, etc.). Sensors are used to 
register the real status of the motor, motor’s pressure 
of oil, temperature of motor, the number of 
revolutions and so on. There are other types of 
applications, such as to detect car thefts and sensor 
networks for vehicle tracking .Another interesting 
sensor application has been developed in the Loch 
Rannoch by BP. This project produced an efficient 
automated data collection system for machine 
monitoring and predictive maintenance that 
eliminated many of the manual processes by using 
handheld devices. It is equipped with 160 wireless 
motes. There are also some sensors deployments used 
to monitor the environment without battery that 
generate their energy from the environment.  
 
 
3.4. Real Deployments for Military 

Applications 
 

The need of WBANs emerged during the Cold-
War, especially for submarine surveillance and 

battlefield monitoring [25]. But it was not available 
for the public use until the 1980s, when the first 
commercial distributed sensor network was 
developed by the Defense Advanced Research 
Projects Agency (DARPA). This WSN is called first-
generation. Typical military applications of sensor 
networks are: 

• Monitoring forces: reconnaissance of opposing 
forces and terrain and battlefield surveillance; 

• Monitoring of equipment and ammunition; 
• Targeting; 
• Battle damage assessment; 
• Nuclear, biological and chemical attack 

detection and reconnaissance; 
• "fog of war" clearing; 
• Space exploration; 
• Undersea monitoring. 
Advantage of this system is that reduces the 

training phase in an indoor environment; but, without 
losing precision. 

 
 

 
 

Fig. 2. Schematic of free wireless sensors using 
ambient energy. 

 
 

4. Limitations and Challenges 
 

Generally, wireless sensor networks are deployed 
to work in hostile, remote and changeable 
environments, so it is necessary to incorporate 
security mechanisms when they are being designed. 
However, several limitations should be taken into 
account. First, nodes can't be protected physically in 
these environments. For example, in a battlefield any 
enemy can capture them and analyze the information 
gathered, so, fundamental information could be 
extracted. The challenge for researchers and 
developers is to design resilient protocols or others 
solutions to provide security to these networks, even 
if one or several sensor nodes are compromised. 
Their goal is to ensure that, if a node is captured, 
sensitive information stored on it cannot be taken off 
easily. On the other hand, the small size of the sensor 
nodes and the lack of wires is another important 
limitation of WSNs. Although these characteristics 
are fundamental for many applications, it involves 
limited resources, such as the energy, computational 
power, and storage resources. Besides, a large WSN 
contains hundreds to thousands nodes working by 
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batteries, so, it is difficult both to replace and 
recharge them in some environments. There is lot of 
fault tolerance occurrence in the nodes too. The 
limited capability of sensor nodes for storage is 
another problem for security algorithms. Each sensor 
node needs to store as different keys as sensor nodes 
network has. However, when a network is composed 
by a large number of sensor nodes, it requires a lot of 
memory, which probably cannot be provided. 
 
 
5. Conclusion 
 

WBANs are needed to improve the quality of life 
of the disabled people. They are also a basic piece of 
the future medical applications. These reasons make 
WBANs a main research area for many research 
groups. WBANs help the humans to control, examine 
and survey places that they are not able to do because 
it is very difficult to achieve the place or because the 
human is not able to measure by itself.  

Actually, more research is needed and 
developments of new sensors in order to get cheaper 
products and make them affordable. 

Lower prizes will help to introduce WBANs in 
our life. All surveys on WBANs found in the 
literature show simulations and network tests in 
reduced and controlled environments, but this survey 
shows real implementations and practical 
deployments. There is not any survey published like 
the one presented in this paper. We have compared 
the real deployments studied in this paper in terms of 
network size, technology used, the communication 
type, if it has being built for a single use and the 
domain where it is applied. 
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