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Abstract—This paper introduces some of the activities carrig out

in a medical ICT related ultra wideband (UWB) reseach at the
Centre for Wireless Communications, University of Qiu,

Finland. The paper concentrates on the proposed bodwrea
network based system architecture for wireless medal

communications and gives also a summary on experimigal body

area network radio channels models. The network ardkecture

under discussion consists of parts that have alregd been
implemented but also parts that require studies irmore details
before utilization and implementation in operative healthcare
network. For detailed communication system designaccurate
channel models are also needed. This paper discussen UWB
channel models that are suitable to be used in wikess body area
network research.
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. INTRODUCTION

In the last years, two major effects have beenrdszbin
the technological field all around Europe: the pexi®n of
cellular phones, overcoming 100% in many countresl the
access to Internet, reaching an average of 60%heftdtal
populations. These are clear signs on how the ledyd of
Information Communication Technology (ICT) is widel
spread throughout the population, and how easy iedrease
its potentiality by adding new services, fully erdded with
the already existing systems.

Wireless communications in itself
growing technology: from mobile phones to
connections, wireless solutions provide reliableansefor the
transmission of information at reasonable low casid with a
much higher coverage than the traditional meangeldés
transmission could also offer high reliability arsgcurity
features required by medical applications.

One growing field of research in this directioratek to the
ageing of population. On a European perspective ihia
common issue over most of the European countriesedier,
big distances from home to health-care facilitiessparsely
populated countries, as well as the lack of ressuin both
sparsely and dense populated areas bring togdikesame
needs: to increase self-management of chronic tondiand
to introduce remote health-care solutions.

Chronic conditions of elderly people are a stunnin
example; the measurement of vital signs can be domadays
without the physical presence of a medical stafforimation
can be sent directly from home, with a combinatibmwireless

is a never-ending
internet

and wired communications, to hospital or healttecar
institution, and analyzed feedback or medical staff be sent
back to the patient.

People can receive two main benefits in this way:

e Self management: an increased awareness of his/he
personal health, by a continuous monitoring of own
health parameters.

* Home as a care environment: the possibility afisig
longer at home maintaining a normal daily life ezt
of being at hospital. This can have a positiveuisfice
on his/her healing process.

These factors have also an important socio-economic
impact. The quality of life is increased and th@enses for
healthcare facilities are suppressed, if not ewstuced by
adopting new wireless technologies in healthcaoegsses and
care.

The use of wireless technologies can be seen ast aifid
practical way for finding new means in homecareates
issues. Technologies that don't require new catdéallations
at home, as well as the possibility of monitorireggometers not
only in a spatially limited environment but also dutdoor
spaces, including mobility, must be exploited idearto create
cutting-edge solutions for mid-term market. Selfecaself-
management and cost effectiveness will be the l&yofs
towards the development of these new technologwations.

Despite of the slow progress in the utilization ufra
wideband (UWB) technology in commercial applicaipand
despite of a strong struggle between its diffeteahnological
solutions, UWB could still be “the” radio interfader several
applications. Medical and healthcare related smhsticould
benefit the low power spectral density that UWBh$mission
has. Radiated signal power is low enough to befsafeuman
tissues still providing reasonable communicationgea and
data rate. Extremely wide bandwidth makes it pdssitso to
use UWB signals in applications requiring accurate
positioning. These can be either positioning orsegng
applications.

Wireless body area networks (WBAN) form a special
network structure to implement a small scale opmmat
environment also for medical purposes. Several | vita

Yarameters from a human body could be monitoretusiall

on-body sensors. In addition, implanted in-bodysses could
provide important information on internal changésmyans or



implanted devices. To communicate from in-body mebody  connection or satellite. There are also dedicaadibrstandards
terminals and then to the backbone infrastructwguires for vehicular networks, such as IEEE802.11p or teobi
effective wireless solution for WBAN implementatiofrom  WiMAX IEEE802.16e.

radio link point of view, UWB could be the solution

Different databases

Ubiquitous, distributed and centralized serviceateel to "yt EPR Supgles
the patient's problems are the most efficient téolsmprove
transit speed of a patient at hospital. Howevegpés without T,
saying that the process improvement needs to be dithout | Wireless Sensor
reflection to patients’ safety or data securitye Blvantages of ~ Zge U % comecton Network (HSN)

using new technological solutions in medical amlans is
increasing the effectiveness and reducing costhefwhole
public health processes.
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Thus the paper describes a concept dedicated &thbare
application it is flexible for other solutions, $u@s sports,
wellbeing, industrial automation, surveillance rage, etc.

This paper is organized as follows. The second telhap
discusses on WBAN network that could be used toitmon
human parameters in home, hospital or during ti@meon.
The third chapter discusses on WBAN radio channadlets
defined for on-body communications by CWC. The last

4 . Figure 2. Interconnections between different networks.
chapter concludes the discussion.

As shown in the figures above, the complete wiseles

II.  WBAN ARCHITECTURE communication network could consist of differermds of sub-
etworks. The core of the network is a home or aphal
etwork, depending on the final utilization areaw&arable
body area network is then connected to local né¢wamd then
routed to the service provider's electronic/patidata bases.
This approach makes it possible to create ubigsitand
heterogeneous networks tendering one’s servicemeddical
staff, even automatically.

The communication architecture designed for medicaﬂ
purposes should be flexible and scalable. The camwation
needs could be various; starting from transmissiban-body
sensor originated data to portable base station toor
communication between WBAN and data bases opetated
external service provider. All the links at thensenission path
could have different quality, physical layer (PHYgtc.
requirements. The conceptual overview of the wazlmedical The IEEE802.15.6 task group has been established to
communication network discussed in this paper mwshin  develop a communication standard for low power WBid
Figure 1. [1] The interconnections between differenb- medical applications are studied there. This shthas there
networks related to the whole concept are showigare 2. are global activities towards medical WBAN, and UV¢Bone

—— possible solution in a wider perspective [4].
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CQ;O L A. Utilizing UWB radio technology
Hame e 802.16e WiMAX Different communication links in the whole systeemde
é 80”2-|11 WLAN or built using different radio technologies basedmdpplication
e 802.11p VANET or specific communication needs. UWB fits well to needi
UWBWBAN\ gy 502.15e WIMAX. s WBAN installations, where low transmission powerdica
g P emission is needed to protect human organs. Another
¥, advantage is low power consumption that is due ow |

transmission power, and could then allow long tifae for
WBAN sensor nodes.
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é i If comparing the two proposed technological UWB
proposals, a single band UWB technology [5] utilipi
transmission of narrow pulses allows simpler impmatation

Figure 1. Architecture of a wireless medical communicatiotwoek. to tiny body nodes than WiMedia [6] based solution.

Uncomplicated modulation schemes, such as pulsbuost

position modulation [7] techniques can be adoptedotv

power non-coherent transceivers.

As Figure 1 shows, the wireless medical commurocati
network could be composed of different set of rgaliotocols
[1]-[3]. One part could utilize short range commuation
standards, such as UWB, Zigbee or WLAN. The othat p The use of UWB signals in WBAN implies that the
creates connections between limited range netwayk ttransmission is done over a band that most probakdjready
backbone network, dedicated medical networks atalltzses. used by other wireless systems. This requires ploasible
These long haul connections could be implementddgus harmful interference sources need to be identifiedh final
existing cellular phone networks, WiMAX, fixed Imtet  utilization environment before system design. Tlesigh of



the UWB receiver should take into account the ottectro-
magnetic radiation in the vicinity of the transeivto
maximize received signal-to-noise ratio (SNR) aungpsess
unwanted signal components to prevent front-enataton.

Considering hospital environments where severairital
and electronic equipments are present, electricat soise
interference is an UWB type interference sourceerfarence
affects the receiver performance in terms of ingireabit error
rate probability.

Integration of several active body area networksthe
same environment leads considerably high probgltfiat co-
channel interference will be present. As being @ecdivision
multiple access (CDMA) type transmission, a singknd
UWB can tolerate adjacent and co-channel interfaravell. In
a realistic use-case, an UWB body area networkiegpjh a
medical application consists of less than dozenoafes in the
same network. However, this could be handled bypgro
system and user specific spreading code design.

UWB radar techniques have already been investigated
monitoring vital parameters of a patient (i.e. hesate,
respiration rate, lungs, etc.) non-invasively [16]a body area
network, this data is collected by sensors
communicating wirelessly with access point placed tbe
body. Such sensors require two separated units;uaitefor
sensing and the other for communications purposeafrastic
simplification of this type of sensors could be iagkd by
signal processing if the signal that propagatesutin a body
(a channel) can provide also such a vital datatefést.

UWB can also be obtained in in-body communications

from implanted sensor to access point on a bodiralWide

bandwidth provides tools to measure the spatialemmnt or
trajectory of an implant after installation. Thissha great
impact on human healing process because the imgaanhon-
invasively report its conditions.

.  ReviEw ToUWB WBAN RADIO CHANNEL MODELS

Medical systems operating in very close vicinity af
human body are one special example of wirelessarksathat
can utilize UWB radio. The goal of the WBAN radibannel
measurements to be discussed next was to defingraéec
channel models for WBAN system design. The col:ctata
are measured in various environments and targeted f
numerous applications from which medical ICT is thest
interesting one. Summary of the existing WBAN madil
given in [8].

All the measurements discussed in this paper weamnged
out using HP Agilent 8720ES vector network analyzbus
performing S21-parameter measurement with 0 dB
transmission power.

The radio channel in a WBAN application is affectad
several phenomena, such as human or limb postiga,and
sex. In addition, the environment has impact ornrdiako wave
propagation and interference level. For exampke pibsture of
an arm directly defines if the channel between lhedy nodes
is obstructed or line-of-sight. Only this changeaifink causes
significant difference to the received signal pawen the

that are

m

other hand, age and sex have impact to fluid cdretéon or
tissue structure inside a body, and therefore ¢éodielectric
behavior. This means that the relative permittiafya body is
changing and for that reason, the radio propagasialifferent
[10].

In addition, implants inside a body have an impattthe
radio channel as shown in Figure 3. Metallic congris in the
implant change the propagation properties, andntbasured
channel impulse response is dissimilar if compaedon-
implanted one. The radio channel measurementsdawrit in
UWB frequency band from 3.1 to 10 GHz expressedehe
hypotheses. The channel impulse response of arphesing a
heart implant differs significantly from the resges of non-
implanted persons. A similar phenomenon than adaimhas
on the radio propagation is caused by brassierey Tihve also
metal in their structure and therefore they arenghray body’s
dielectric properties.
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Figure 3. Channel impulse responses of different males. @satheart
implant.

The antenna installation has also great impact amtior
wave propagation as shown in Figure 4. The eledtcoupling
between the antenna and body is changing the aigenn
radiation pattern. In addition, the body absorbst jpd the
emitted signal energy if antenna is attached ditatig skin.
However, the electrical performance of an anterara easily
be improved using isolating material between tha skd the
antenna element.

The example shown in Figure 6 distinguishes thecbls
during the eating cycle that is shown in Figure The
measurements have been carried out for lying pendmn is
eating. As it can be seen, the environment hampadt on the
channel behavior; even if the measured networkwspower
WBAN having nodes in a wrist and a chest.

The previous example pointed also out a difference
between the channels measured at hospital and amechoic
chamber. The results are shown in Figure 6. Thebbody
propagation causes multipath propagation in a amaky than
in other communication systems. However, the small
transmission power used in WBAN applications regutte
amount of significant multipath components detecidhe
receiver.
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Figure 4. Impact of the sensor position and a dielectriceptat the channel
response. On top, the antennas are placed on skin.

Figure 5. Eating cycle showing different arm positions.
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Figure 6. Measured radio channel during eating cycle.

One important finding from the UWB WBAN radio
channel measurements is that the signal is notrgagough
a body. Instead, the signal transmitted from thekb@a the

chest propagates as a surface wave on the body.nidans
that the first signal component arrives later thia@ shortest
path (thus through body) assumes.

By adopting new technologies in healthcare, inddpatly
on the radio standard, the care processes coulgréen,
meaning that the movement from one place to anatherbe
diminished. In a long run, this has a great impacthe care
costs.

IV. SUMMARY

This paper summaries the conceptual idea of a mkdic
body area network architecture that is connecteetdthcare
professionals’ information system. Due to the lowwpr
spectral density of an UWB transmission, the tetdmofits
nicely to medical and welfare applications. Wirslé®dy area
network is one special topology to collect humanital
information and transfer it even automaticallyhe healthcare
professionals. In UWB frequency band, the radionclehin a
close proximity of a body has its own impact to the
propagating signal. The received signal power dépeior
example on sex, age, posture and the amount o&irtgbf the
person.
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