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Abstract : The increasing use of wireless networks and the
constant miniaturization of electrical devices has empowered
the development of Wireless Body Area Net-works . Wireless
Body Area Network is a system of devices in close proximity to
a person’s body that cooperate for the benefit of the user where
various sensors are attached on clothing or on the body or even
implanted under the skin. This paper shows several uses of the
BAN technology and the most obvious application of a BAN is
in the medical sector, however there are also more recreational
uses to BANs. Using a WBAN, the patient experiences a
greater physical mobility and is no longer compelled to stay in
the hospital. This paper offers a survey of the concept of
Wireless Body Area Networks. As WBANs are placed on the
human body and often transport private data, security is also
considered. This paper will discuss the technologies
surrounding BANs, as well as several common applications for
BANs.
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• Body Sensor Networks (BSN)
• Sports and Fitness Monitoring
• Wireless Audio
• Mobile Device Integration
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Introduction
The field of computer science is constantly evolving to process
larger data sets and maintain higher levels of connectivity. At
same time, advances in miniaturization allow for increased
mobility and accessibility. Body Area Networks represent the
natural union between connectivity and miniaturization. A body
area network (BAN), also referred to as a wireless body area
network (WBAN) or a body sensor network (BSN), is a wireless
network of wearable computing devices. In particular, the
network consists of several miniaturized body sensor units
(BSUs) together with a single body central unit (BCU). The
development of WBAN technology started around 1995 around
the idea of using wireless personal area network (WPAN)
technologies to implement communications on, near, and around
the human body. About six years later, the term "BAN" came to
refer systems where communication is entirely within, on, and in
the immediate proximity of a human body. A WBAN system can
use WPAN wireless technologies as gateways to reach longer
ranges. . Fig.I shows the placement of sensors on human body in
body area network. Different sensors measure vital body
parameters. Sensors sense vital parameters like ECG, EEG,
Toxins, etc. BAN technology is quite flexible and there are
many potential uses for BAN technology in addition to BSNs.
Some of the more common use cases for BAN technology are:
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FIG. I
In several research papers, Wireless Body Area Networks are
considered as a special type of a Wireless Sensor Network or a
Wireless Sensor and Actuator Network (WSAN) with its own
requirements1. However, traditional sensor networks do not
tackle the specific challenges associated with human body
monitoring. The human body consists of a complicated internal
environment that responds to and interacts with its external
surroundings, but is in a way separate and self contained. The
human body environment not only has a smaller scale, but also
requires a different type and frequency of monitoring, with
different challenges than those faced by WSNs. The monitoring
of medical data results in an increased demand for reliability.
The ease of use of sensors placed on the body leads to a small
form factor that includes the battery and antenna part, resulting
in a higher need for energy efficiency. Sensor nodes can move
with regard to each other, for example a sensor node placed on
the wrist moves in relation to a sensor node attached to the hip.
The challenges faced by WBANs are in many ways similar to
WSNs, there are intrinsic differences between the two, requiring
special attention. An overview of some of these differences is
given in Table I . A schematic overview of the challenges in a
WBAN and a comparison with WSNs and WLANs is given in
Figure II.
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sensors, as the interpretation of the measured data is not always
the same [3]. The net-work should not be regarded as a static
one. The body may be in motion (e.g. walking, running, twisting
etc.) which induces channel fading and shadowing effects. The
nodes should have a small form factor consistent with wearable
and implanted applications. This will make WBANs invisible
and unobtrusive. A number of these devices can be integrated
into a Wireless Body Area Network (WBAN) as shown in
Figure III , which is a typical architecture for the application of
WBAN to healthcare. In comparison to traditional wireless
sensor and ad hoc networks, WBANs present several additional
and new research challenges due to signal propagation
characteristics of in and around a human body and need for safe,
and dependable operation with ability to operate for long
duration.

FIG II Characteristics of a WSN and WLAN

FIG III Application of WBAN to healthcare

WBAN Specific Protocols

Table I. Schematic overview of differences between WSN and WLAN
Applications in Healthcare
In most cases, a WBAN will be set up in a hospital by medical
staff, not by ICT-engineers. Consequently, the network should
be capable of configuring and maintaining itself automatically,
i.e. self-organization an self maintenance should be supported.
Whenever a node is put on the body and turned on, it should be
able to join the network and set up routes without any external
intervention. The self-organizing aspect also includes the
problem of addressing the nodes. An address can be configured
at manufacturing time (e.g. the MAC- address) or at setup time
by the network itself. Further, the network should be quickly
reconfigurable, for adding new services. When a route fails, a
backup path should be set up. The devices may be scattered over
and in the whole body. The exact location of a device will
depend on the application, e.g. a heart sensor obviously must be
placed in the neighborhood of the heart, a temperature sensor
can be placed almost anywhere. Researchers seem to disagree on
the ideal body location for some sensor nodes, i.e. motion
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One of the few MAC-protocols for WBANs was proposed by
Lamprinos et al. [14]. They use a master-slave architecture and,
to avoid idle listening, all slaves are locked in the Rx-slot of the
master and go in standby at the same time. The main drawback
of this protocol is that some slaves will have a low duty cycle
whereas the nodes that are serviced later have a higher duty
cycle. The protocol was implemented nor simulated. An
adaptation of this protocol was used in [9]. This protocol divides
time into frames in which only one node is allowed to transmit.
The scheduling order is derived by applying the Earliest
Deadline First algorithm. Omeni et al. [18] propose a MAC
protocol for a star-networked WBAN that supports TDMA to
reduce the probability of collision and idle listening. Each slave
node is assigned a slot by the central node. When an alarm
occurs at one of the nodes, the node can be assigned an extra slot
for direct communication. The protocol has been evaluated on a
Sensium platform. The H-MAC protocol [12] uses the human
heartbeat rhythm information to perform time synchronization
for TDMA. The biosensors can thus achieve time
synchronization without having to turn on their radio. The
algorithm is verified with real world data but assumes a certain
buffer. The simulations do not show the energy gain and the
protocol is designed for a star-topology WBAN only.
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Conclusion
WBAN systems that monitor vital signs promise ubiquitous, yet
affordable health monitoring and WBAN systems will allow a
dramatic shift in the way people think about and manage their
health – in the same fashion the Internet has changed the way
people communicate to each other and search for information.
This shift toward more proactive preventive healthcare will not
only improve the quality of life, but will also reduce healthcare
costs. Body area network will be highly accepted in spite of the
drawbacks it may possibly have. However there are some key
issues that are yet to be addressed. This technique is much more
effective than any other monitoring and localization system.
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. With the current technological evolution,
sensors and radios will soon be applied as skin patches. Doing
so, the sensors will seamlessly be integrated in a WBAN. Step
by step, these evolutions will bring us closer to a fully
operational WBAN that acts as an enabler for improving the
Quality of Life.

Reference
i.
Adam Williams, Deepak Ganesan, and Allen Hanson,“Aging
in Place: Fall Detection and Localization in a Distributed Smart
Camera Network,” MM’07, September 23–28, 2007, Augsburg,
Bavaria, Germany.Copyright 2007 ACM 978-1-59593-701-8/07/0009
ii.
Bouten, C.V.C., Koekkoek, K.T.M., Verduin, M., Kodde, R.,
and Janssen, J.D., A Triaxial Accelerometer and Portable Data
Processing Unit for the Assessment of Daily Physical Activity. in IEEE
Transactions On Biomedical Engineering, 44 (3). March 1997. 136147.
iii.
Channel Model for Body Area Network (BAN) IEEE P802.1508-0780-09-0006 April, 2009
iv.
Cheng Guo, Jing Wang, R. Venkatesha Prasad, and Martin
Jacobsson,“Improving Accuracy of Person Localization with Body Area
Sensor Networks: An Experimental Study”Consumer Communications
and Networking Conference, 2009. CCNC 2009. 6th IEEE.
v.
C.P. Figueiredo, N.S. Dias, P.M. Mendes,“3D Localization
for Biomedical Wireless Sensor Networks using a Microantenna,”
Proceedings of the 1st European Wireless Technology Conference,
pp.2056-2059, 2007.

ix.
E. Farella, A. Pieracci, L. Benini, and A. Acquaviva, \A
wireless body area sensor network for posture detection," in ISCC '06:
x.
Proceedings of the 11th IEEE Symposium on Computers and
Communications. Washington, DC, USA:IEEE Computer Society, 2006,
pp. 454{459.
xi.
Guang-Zhong Yang,“Body Sensor Networks,” Institute of
Biomedical Engineering and Department of Computing, Imperial
College London, UK Springer ISBN-10: 1-84628-272-1ISBN-13: 9781-84628-272-0.
xii.
Han Shuguang, Chi Baoyong, and Wang Zhihua, "A mixedloop CMOS analog GFSK modulator with tunable modulation index,"
IEEE Transactions on Circuits and Systems–II, vol. 54, No. 6, pp.547551,Jun 2007
xiii.
H. Li and J. Tan, \Heartbeat driven medium access control
for body sensor networks," in HealthNet '07: Proceedings of the 1st
ACM SIGMOBILE international workshop on Systems and networking
support for healthcare and assisted living environments. Puerto Rico,
USA: ACM, 11 June 2007, pp. 25{30.
xiv.
“Implementation and Testing of a Secure Fall Detection
System for Body Area Networks,” Stevan Marinkovic, Riccardo Puppo,
Roberto Lan Cian Pan and Emanuel Popovici
xv.
I. E. Lamprinos, A. Prentza, E. Sakka, and D. Koutsouris,
\Energy-e_cient MAC protocol for patient personal area networks," in
27th Annual International Conference of the Engineering in Medicine
and Biology Society, 2005. IEEEEMBS, Shanghai,, 2005, pp.
3799{3802.
xvi.
J.Y.Oh,H.H.Kim and H.S.Lee, “New Modulation Scheme for
High Data Rate Implantable Medical Devices,” Proceedings of ISCIT
2009, pp.2034-2038, 2009.
xvii.
Md.Asdaque Hussain and Kyung Sup Kwak, “Positioning in
Wireless Body Area Network using GSM,” International Journal of
Digital Content Technology and its Applications Volume 3, Number 3,
pp.545-552, September 2009.
xviii.
“On Usable Authentication for Wireless Body Area
Networks,” Cory Cornelius and David Kotz Dartmouth College
Presented at HealthSec, August 2010.Copyright 2010 by the authors.
xix.
O. C. Omeni, O. Eljamaly, and A. J. Burdett, \Energy efficient
medium access protocol for wireless medical body area sensor
networks," in Medical Devices and Biosensors, 2007.ISSS-MDBS 2007.
4th IEEE/EMBS International Summer School and Symposium on,
Cambridge, UK,, Aug. 2007, pp.29{32.

vi.
D.K.Kim and H.S.Lee,“Phase-Silence-Shift-Keying for
Power- Efficient Modulator,” EICE Trans. Commun., Vol. E92-B, No.
6, June 2009.
vii.
DeVaul, R.W., Sung, M., Gips, J., and Pentland, S., MIThril
2003: Applications and Architecture. In Proceedings of ISWC 2003,
(White Plains, U.S.A., 2003).
viii.
Dishman, E., Inventing Wellness Systems for Aging in Place.
in IEEE Computer, 37 (5). May 2004. 34-41.

IJER@2014

Page 140

