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Abstract— The objective of this paper is to verify applications has been studied widely. However, mtiog
applicability of Finite Integration Technique (FIT) based to the studies presented in [5], there are othersomement
simulations in the modeling of Ultra Wideband (UWB)radio  based channel models available which are more atecur
channel. A printed planar UWB monopole antenna, dégned  than the IEEE802.15.6 channel model. Obviously, use
for Wireless Body Area Networks’ (WBAN) on-body andoff-  of measurement data in the simulations gives meatistic
body communications, is used in the experiments. The performance in a certain environment than the use o
validation of the FIT-method is performed by compaing the channel models, which, however, are always pure
simulation and measurement results in free space. B 5,5r6ximations of certain situations. Nevertheléiss, use
a“alﬁl's's was pﬁrfoLmed Ibgthhm frequency alnd tlgnjl?tmams. of measurement data is not always possible duendo t
Furthermore, the channel behavior was explaine uwB . : ;
antenna characteristics. The simulated and measurecesults laboriousness of the measurement campaigns. Besides
there are several challenges related to the inacas and

are shown to have excellent correspondence both in L .
frequency and time domain. All antenna simulationsare done uncertainties of the measurements, but these aitable

with Computer Simulation Technology (CST) Microwave &iS0 in channel models.

Studio (MWS) software. One option for modeling electromagnetic propagaison
to solve Maxwell's equations in the given scenaaising
numerical approaches, such as Finite Integratiahiiique
(FIT) [6] or Finite-Difference Time-Domain (FDTD)7]
. INTRODUCTION technique. In FIT and FDTD methods, the basic é#lgms
are similar, but the difference becomes from thenfof
xwell's equations used. FIT uses the integralmfor
ereas FDTD uses differential form of Maxwell's
equations. The main advantages of the FIT oveFIED
are high flexibility in geometric modeling and balamy
handling [8]. Both techniques are widely used iteana
simulations, also in UWB context. Furthermore, Fid
FDTD have been studied in on-body channel modeéiyy,
in [9]. In on-body communication, impact of humaudl is
Bignificant on antenna properties and hence, ddesnthe
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Wireless communication in medical and health car
sectors have been under an intensive research a
development within recent years. The aim is torgebf
wires, which connect patient’s sensors to monitviak or
access point, and further to data base, and reglacibles
with a reliable and secure wireless communicatiok. |
This is a part of the general concept of WirelegdyBArea
Network (WBAN).[1] The standard for WBAN in medical
application has been developed by the study grou
IEEE802.15.6 [2] and it will be released in theibetg of . (onnel  characterization. Instead, in  off-body

2012. communication with certain antenna arrangemeniora
The WBAN communication is classified into three link can be considered more as a conventional rhdlio
categories: in-bodly, on-body and off-body between the transmitting and receiving antennasdeal
communicationsln-body communication covers the links case, this link can be approximated as a free-space
between internal medical implants and sensors,twaie ~ Communication link.
attached on the bodgn-body communication describes the ; ; ; ; kil
links between_sensor_nodes on the patigant’s baaty ofi- FlTThren;mef tizls g]aepern:f)dtg”xgr|fyoftheuz\;\/$gl|caé§;:gbr1:nel
body communication is related to the links between onparacteristics. The presented results are modelifige
body devices and an external gateway, e.g., hospia  gnace  propagation, which can be considered as a
access point. [3] preliminary study for an ideal off-body communicati
In order to model the channel characteristics @ thlink. All antenna simulations are done with Compute
WBAN communication links, different channel modate ~ Simulation Technology (CST) Microwave Studio (MWS)
presented, e.g., in [4] by the IEEE802.15.6. Imegal, Software [10].
Ultra Wideband (UWB) channel modeling for medical
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Figure 1. Principle of FIT calculation [11]
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The paper is organized as follows: The basic idéd o < [
is described in Section Il. Section Il presentplanar 334 z

printed UWB monopole antenna used in the experisaent
Simulation and measurement setups as well as ncaheri Figure 2. Detailed dimensions in mm for UWB monopole antenna
results are shown in Section IV. Summary and futuoeks

are discussed in Section V. o
s /_/‘—¥/
II.  FINITEINTEGRATION TECHNIQUE oi”_’
Finite Integration Technique provides a discrete |\

reformulation of Maxwell’s equations in their integyform 10 R e e
suitable for computer calculations. It allows siatidn of T s \ / """""" S
real-world electromagnetic field problems with cdexp ‘ IS e
geometries, both in time and frequency domainsthis . H
study, FIT-based simulations have been conductdd wi f
CST MWS software [10]. The very basic principletbé 0 v
simulation procedure is shown in Fig. 1 [11]. Thetfstep 3
in the simulations is the selection of calculatdomain, A 9 —
which is then split by suitable mesh system intoesa ’ Frequercy [GEi7]

small elements, called grid cells. Spatial diseegton of
Maxwell's equations is performed both in primaryelg
box) and secondary (blue box) grid systems whiah ar

orthogonal to each other. The primary grid referstie Excellent agreement between the simulated and
electric voltagese and magnetic facet fluxeb. The  measured §s were observed. Based on the simulated
secondary grid gives the dielectric facet flu@sand  maximum gain and total antenna efficiency, the ramae
magnetic grid voltagels. [11] can be concluded to have good radiation charatitstis

_ The main benefit of FIT is the possibility to hatveo The simulated radiation patterns in free spacettier
different materials within one grld Ce”, whereasFDTD XZ and ZY _p|aneS, which are the most informatiuﬁing
only one material is allowed within one grid céllue to  planes, at frequencies 3, 7, and 10 GHz are pebednt
this advantage, the mesh can be significantly spaeid  Fig. 4. Relatively omnidirectional radiation pattsrwere

hence, less memory is required in FIT simulationsppserved for the entire UWB band with the presented
especially in the objects with complex geometry][1 antenna.

Figure 3. Simulated and measureeh $gether with simulated realized
maximum gain and total antenna efficiency in freace

Il.  UWB MONOPOLEANTENNA IV. NUMERICAL RESULTS

Fig. 2 presents the planar printed UWB antennaghvhi : .
is exploited in this study. The designed UWB morepo A Smullauon Setup , ,
antenna, which is having the ground plane on theesside In this study, FIT-based simulations are condudted
of FR4 substrate than the monopole radiator igively ~ theé UWB monopole antenna illustrated in Fig. 2.the
easy to tune. Further, the small size of antennkeimat ~ Simulation setup, two antennas were placed perpeadly

suitable and attractive for the WBAN applications. against each others; such the antenna feedingspoierte
located in the same proper axis. Distance betwéen t

The discrete port has been used in antenna siomsati antennas was swept from 0.5 m to 2.5 m in the siEps5
while in prototype measurements the feeding cafale h m. The sub-gridding scheme, which allows differienels
been soldered over the ground plane in the direatiby  of mesh to be used for different solids in the nodes
axis. The relative permittivity of. = 4.3 for FR4 substrate ysed. The open Perfectly Matched Layer (PML) bonnda
with thickness of 1.6 mm (in the direction of zgxand  properties (amount of layers) were increased tdethel of
loss tangent otand = 0.025 from CST MWS material 20 to receive reliable channel operation, i.e. jlaimesults
library has been used. than in the measurements.

In Fig. 3, simulated and measureg, $ free space B. Measurement setup

together with simulated realized maximum gain aotalt In order to verify the capability of FIT-based ¢

antenna efficiency have been presented. The anten . : . .
measurements were carried out in an anechoic clrambe Sfhnulations in- the reallstl_c UWB antenna evaluation
measurements were carried out with the prototypes
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Figure 4. Simulated radiation patterns (plots of realizedhpat frequencies 3, 7, and 10 GHz in XZ- and Zargls

almost omnidirectional patterns for the entire UWand,

as presented in Fig. 3. However, at the frequefidgy®Hz

there exists a smallish zero. In addition, fromc8rves two
resonances in the lower and higher ends of UWB fzand
be seen.

When comparing the simulated and measured
responses, slightly better results are obtained they
simulations. This is natural due to the unidedit@ways
present in the measurements. For instance, simnolati
software uses two completely identical antennagreds
in practice, it is not even possible to produce ambtenna
prototypes having exactly identical properties. time
simulations, two antennas are always exactly thmesa

Figure 5. Measurement setup in an anechoic chamber (copy-paste of each other) and positioned exactlyhe
right places from the channel point of view. Howeug
described in the previous section. Figure 5 presémt measurements, the antenna feeding cables in ppe®ty
measurement setup constructed in an anechoic chambésemi rigids soldered to the ground plane) andathgle of
having floor space of 2.4 m x 3.85 m, and heigl8 of. gradient of plastic stakes together make the diffee
between the measurement and simulation resulterder
%o clarify this issue, measured scattering pararselg and
S,, are compared in Fig. 6. For the sake of reference,

Vector Network Analyzer (VNA) [12] was used for ginjated g (which is same as simulatedy)Sis showed.
antenna measurements. The measured frequency tzend YAs it can be seen, measured, and S, are slightly
between 2 GHz and 13 GHz. Free-space measuremerbtﬁferent_

were taken with the antenna distandeanging from 0.5 m
to 2.5 m, in the steps of 0.5 m.. Similar good agreement between the simulated and
. . measured 5 were also noted with the distances 1 m, 1.5 m
C. Frequency domain analysis and 2.0 m, but the figures were not included heretd the
First, the measurement and simulation results wertack of the space. Furthermore, these experimeats also
analyzed in the frequency domain by studying thecarried out using another UWB monopole antenna. The
frequency response of the channel. This corresptintt®e  simulated and measured parameters matched welliralso
scattering parametenSi.e., the isolation between antennathat case.
1 and antenna 2. Figure 7 represents the frequesppnse . . .
obtained from the measurements (solid) and sinowlati D- Timedomainanalysis
(dash-dot) in the frequency range 2-13 GHz when the Next, the simulated and measured data were anaigzed
distances between the antennas were 0.5 m and 2.5 time domain by studying the impulse responses ef th
Furthermore, the measured and simulatedp8rameters measurement and simulated data. For this, Invees F
are included in Fig. 7. It is noted that therenisexcellent ~ Fourier Transform (IFFT) was performed for the dited
agreement between the simulated and measuredsrésult frequency response. Measured impulse response was
the cases of .5 as well as in & The shape of the obtained from the VNA, which can carry out the
measured and simulated;, Surves can be explained by transformation directly.
studying the § curve, as well as the radiation patterns
presented in Section Ill. The presented UWB antetaae

Both two UWB antennas were placed on the top of th
plastic stake, at the height of 2 meters. AgileRREES

The simulated and measured impulse responses are
shown in Fig. 8. As it can be seen, FIT can modall the



timing and strength of the channel impulse whereeging V. SUMMARY AND FUTUREWORK
the background noise level. Side lobe levels anedao be ; P P

) . = X X In this paper, the applicability of FIT-based siatidn
slightly different. This is due to_the Hamm'”g'w"“‘”g method for modeling the UWB channel characteristias
performed by VNA, whereas in the impulse responsesy gied. The printed planar UWB monopole antentiaghy
obtained from simulations, no windowing was incldde can be used for on-body and off-body communicaliitis
was used in the experiments. Simulated and mea$iyed
and $; were presented to have good agreements both in

[ frequency and time domain. Furthermore, challemgéise
\\ ........................ e T channel modeling and measurements were discussed.
=20 2 N . . . e
' w This was a preliminary study for the usability dff Fin
WBAN off-body communication link modeling. The stud
is related to an ideal case, in which there is allsgap

between the human body and the antenna of the dy-bo
device, i.e., the human body does not have an impac
antenna radiation and thus does not affect theageatpn
characteristics. The next phase is to include thmam
body in the study and use these results as a nefere
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Figure 8. Comparison of measured and simulated impulse nsgso



