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A Novel, Low-Prdile, Vertically-Polarized UWB
Antenna for WBAN

Mohsen Koohestani, J.-F. Zircher, Antonio A. Moreira, and Anja K. Skrikervi

Abstract—This paper proposes a novel, low-profile UWB an-
tenna for wireless body area network (WBAN) applications. The
antenna has a polarization perpendicular to the body-free-space
interface, which is interesting in order to minimize the coupling
into the body. Its structure comprises a modified mono-cone with a
top-cross-plate and is coaxially fed through the ground plane. The
higher frequency band | S| performance is due to the mono-cone
while the top-cross-plate is responsible for the lower frequency
band. This plate also leads to a height reduction when compared to
conventional mono-cone antennas. A comprehensive parametric
study is done to provide design guidelines. Both frequency- and
time-domain results have been measured and presented to validate
the design. Results show that the antenna operates from 3.06 to
beyond 12 GHz based on | ¥ dB, radiates omni-direc-
tionally in the I -plane, and has a radiation efficiency over 95%.
The system-fidelity factor for UWB signals is adequate for pulse
transmission. Finally, the influence of the human proximity on the
antenna matching was tested. Results show that its impedance is
nearly unchanged as compared to free-space.

Index Terms—Frequency- and time-domain, low profile, UWB
antenna, vertically polarized, wireless body area network.

|. INTRODUCTION

HE interest for wireless, body-area networks (WBAN)

has grown sigdicantly for applications as diverse as
healthcare systems, sports monitoring, ambient intelligence,
personal entertainment, and litairy services [1]-[3]. Ultra-
wideband (UWB) technology has emerged as an attractive
solution for WBAN as it offers some befies such as transmit-
ting signals with an inherent noise-like behavior (due to low E—fields are normal to the
EIRP level), reduced probability of detection and interceppody and tend to propagate afpthe body surface, while for a
robustness against multipath, capotentially high data rates parallel polarization théelds couple more to the body, leading
over short distances. to enhanced losses. Moreover, the antenna should be Idikepro

to be easily worn, which is not easy to achieve for the desired
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(b) ©

(b) (© (d) Fig. 2. Current distribution of the antenna at: (a) 3.1 GHz; (b) 6.85 GHz; and

) (c) 10.6 GHz.
Fig. 1. Top-cross-plate UWB mono-cone antenna: (a) geometry;

(b) close-view; (c) full-view; and (d) designed radome.
material (relative permittivity 1.07 and loss-tangent of 0.004),
as shown in Fig. 1(d), was fabrieat. A standard high-strength
two-component epoxy (UHU plus) adhesive was used to glue
the radome to the proposed structure.

In order to demonstrate the antenna operation, the current dis-
tribution on the antenna at 3.1 GHz (lower frequency), 6.85 GHz

. . . (middle frequency), and 10.6 GHz (higher frequency) are de-
signed UWB-WBAN vertically polarized antennas. Other reSicted in Fia. 2(a)—(cYespectivelv. The colors representing the
ported designs [17]-[19] have larger heights. picted in Fig. 2(a)~(Crespectively. P ing

) current distribution in linearcale go from dark blue (weak cur-
In this work, we propose a new low-dile UWB antenna g (

. . rent density) to green to yellow to red (strong current density).
structure that fully meetshe above-mentioned WBAN im- Fig. 2(a) shows that the electric currents are mostly concen-

posgd requirements._The physical height 9f this anten_na s SMlted on the edge portions of thep-cross-plate, the legs and
ha_Lvmg the same height as in [1.6]_ but with symmetrical radtliround the center of the ground plane, which indicate that these
a"of‘ propertles. The characterlst|c§ of the _proposed ame@?@ments have the most sigoant effect at low frequencies.
are investigated through a parametric study, in order to devel E} 2(b) and (c) illustrates that the currents are concentrated at

design guidelines. Both frequency- and time-domain resu Eﬁ/ver portions of the mono-cone and the ground plane center,

were _measured and are presgnted In terms-parameters, eing more important at higher frequencies, as seen in Fig. 2(c),
radiation pattern, radiation fediency, impulse response an

; . . ) eaning that the feed-gap (tbistance between the mono-cone
systemﬁdehty factor. We also_lnvestlgate the behavior of thSnd the ground plane) affects the impedance matching at higher
antenna in two wearer scenarios, and the effect of the bOdy1‘1)5'quencies more than at middle frequencies. Note that as seen
the antenna matching was tested. in Fig. 2 the currents on the antenna ground plane at all consid-
ered frequencies indicate that the ground size is large enough to
prevent radiation from the feeding cable.

The idea behind the design of the proposed structure is based
on a conventional mono-cone antenna [20]. In order to reduce 1. EFFECTS OFKEY PARAMETERS
the height, the mono-cone was mfield adding a small cylinder  Inthis section, in order to show how the antenna was designed
on its top and covering it by a top-cross-plate supported by fodiming at optimizing its performances, a parametric study was
legs to further enhance its10 dB impedance bandwidth. Theconducted using Ansoft HFSS™ electromagnetic solver. An-
top-cross-plate acts as a capive load that produces the lowerother option would have been to use an optimizer based on for
frequency performance while éhhigher frequencies behaviorinstance Genetic Algorithms 12, but here a parametric study
is due to the modied mono-cone. The antenna ground angas preferred in order to obtairetter insight into the physical
top-cross-plate are made of a thin-layer Beryllium copper wittehavior of the antenna; while looking at the effects on the per-
conductivity of 1.5x 107 S/m; the mono-cone is made of Brasformance, only one parameter was varied at the time. The per-
with conductivity of 3.8x 107 S/m. It has a low height and a formance of the proposed antenna is affected by its geometrical
compact form; the dimensions are given in Table I. A phot@arameters, i.e., top-cross-@andiator, mono-cone, feed-gap,
graph of the fabricated antenna is shown in Fig. 1. Since the pemd ground-plane.
posed structure contains some date parts, i.e., top-cross-plate
legs, a radome was designed to enable employing the antenrfvirEffect of the Top-Cross-Plate
a harsh environment. Therefoig,order to protect the antenna In order to understand its effect, the antenna was simulated
and make it robust, a hollow-cube made of a 5-mm thick foaand measured with and withouv/o) this element. Results

TABLE |
PARAMETER VALUES OF THE FABRICATED ANTENNA

Il. ANTENNA STRUCTURE AND DESIGN
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Fig.5. Simulated antennaftection coeficient as a function of antenna param-
Fig. 3. Effects of the top-cross-plate on the antenificéon coeficient. eters h” and “j".
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Fig. 4. Simulated antennaftection coeficient as a function of top-cross-plate Fig. 6. Simulated antennaftection coeficient as a function of top-cross-plate
legs’ dimensions. height (‘f").

shown in Fig. 3 cofirm that the higher band (7—12 GHz) isdue, s
to the modfied mono-cone, and that the top-cross-plate prc.
duces the lower band (3—-7 GHz). Moreover, to achieve Wid€-§_
impedance bandwidth the top-plate needs to be truncated §
cutting the corners of the square-platgé’[and “c” as shown in
Fig. 1(a)]. It can be seen that theibcated element effectively

Reflection Coeffi

broadens the antenna bandwidth. 30 i _g N gﬁm
.35 g --g=9mm
B. Effect of the Top—Cross—Plate Legs Dimensions (““¢”x “e” 40 \ ‘ , i ‘ 4 . . s
2 3 4 5 6 7 8 9 10 11 12
By tuning the dimensions of the legs, the antenna impedance Frequency, GHz

bandwidth behavior can be controlled. Paramete(ieg thick-  Fig. 7. Simulated antennaftection coeficient as a function of mono-cone top
ness) was kept constant and (leg width) changed and then radius.

vice versa. Fig. 4 shows the antennfigetion coeficient for the

variation of these two parameters. It can be seen these parame-

ters ifluence mainly the lower frequency in the band. D. Effect of the Top—Cross—Plate Height

C. Effect of the Feed-Gap The legs height is another important parameter that has a

direct inffluence on the antenna impedance response. This is

The feed-gap, which provides the necessary transition 1o §g5 1y seen in Fig. 6, where the simulated antenfiacton co-
radiator, affects the antenna impedance bandwidth especiallgfujent results for various heights are shown. It can be observed
high frequencies. Since keeping legs heigked implies avari- yh4; decreasingf” up-shifts the lower-10 dB frequency edge,

ation of the distance between the mono-cone and the top-CrQgjie increasing it causes a gradual increase of theetion co-
plate, the effect of the parametei”was also investigated. As ot cient around 4 GHz.

before, one parameter wéged and the other changed. Fig. 5
shows the effects of these variations. It can be seen that snEaII
changein%”, from 0.25 to 0.1 mm, results in a downshift from
11 to about 9 GHz in the upper10 dB edge of frequency As the top radius of the mono-cone directlyfirences its
bandwidth. It is also seen that, without the cylinder above theput impedance, the effect of this parameter on the antenna
mono-cone ¢’ = 0) the antenna impedance bandwidth denput reflection coeficient was also investigated. Simulation re-
creases, while increasing™results in an up-shift in-10 dB  sults depicted in Fig. 7 show that increasing or decreasing this

lower frequency edge. radius leads to slightly diminishing the bandwidth.

Effect of the Mono—Cone Top Radius
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Fig. 8. Simulated antennaf3ection coefcient as a function of ground-plane
dimensions.

Fig. 10. Measured and simulated normalized radiation patterns of the proposed
antenna at (a) 3.1 GHz, (b) 6.85 GHz, and (c) 10.6 GHz.

Fig. 9. Measured and simulateddestion coelpcient of the proposed antenna
with and without (w/0) radome.

F. Effect of the Ground Plane Dimensions

The induced surface currentisttibuted on the antenna
ground plane indicates thasidimensions affect the antenna
ref3ection coelpcient characteristic. This is seenin Fig. 8, which
shows the simulated results foiffdrent ground dimensions. It
is observed the ground should be at least 64 m@# mm to
achieve the FCC dmed UWB bandwidth.

V. EXPERIMENTAL RESULTS AND DISCUSSION Fig. 11. Measured and simulated radiatioraéncy of the proposed antenna.

In order to validate the proposed design, both frequency- and
time-domain experimental results includifgparameters, radi-
ation pattern, radiation B€iency, impulse response and systemhese radiation properties are acceptable over the entire ultra-
Pdelity factor, are presented. wide bandwidth.

The antenna radiationlefiency was simulated with CST and
HFSS commercial packages, and measured in a wheeler cap

The measured and simulated antenrgention coelbcients using the source-stirred method presented by Pires [22], [23].
with and without the designed radome are presented in Fig.The wheeler cap approach was selected owing to its accuracy
showing that its-10 dB bandwidth goes from 3.06 to beyondfor the UWB case, fast measurement, and simple postprocessing
12 GHz, and that the radome effect on matching is negligiblR3], [24]. The designed radogrwas considered in both simu-
The measuredS;;| conbrms that the proposed antenna fullyations and measurements. Tegindrical cap has an internal
covers the ultrawide bandwidth deed by the FCC, and closely size of 14 cmx 20 cm and is built in a duralumin alloy. Fig. 11
follows the simulated results. depicts the results, showing that the proposed antenna has a ra-

The antenna simulated and measured radiation patterns diegion ebciency of 95% over its entire operating band. The
depicted in Fig. 10 in botlk— and H—planes at 3.1, 6.85 andagreement between the simulated and measured results is fairly
10.6 GHz -y is the H—plane, andy— is the F—plane, al- good.
though any vertical plane could be considered). A good agree-Since the systeripdelity factor is based on the system
ment between measurement and simulation results is obtaineansfer function between two antennas placed at a separation
Itis observed that the antennalrates omni-directionally in the distance,S,; behavior needs to be considered; the setup is
H-plane and fairly bi-directionally in th&'—plane. Moreover, explained in next sub-sectio The magnitude and phase of

A. Frequency—-Domain Behavior
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B . j SIMULATED AND MEASURED SYSTEM FIDELITY FACTOR
° 0 — ane . .
g " ¢ =230 | System-Fidelity Factor
§ " ¢ Simulated Measured
&4 1 0° 0.862 0.741
805 4 5 6 7 8 9 10 11 30° 0.828 0.751
Frequency; GHz 60° 0.829 0.708

of high dynamic range and, moreover, there is the ability to de-

5 scribe the radiation of arbitrary waveforms [25]. Thus, in order
= 3 4 5 6 7 8 9 10 1" to have the transient behavior, time-domain data were extracted
- o ‘ ‘ - ‘ ‘ - - ) from frequency-domain measurements using the inverse fast
9__207 0=60" | Fourier transform (IFFT). In this study, the simulated impulse
g wl responses were also extracted from HFSS frequency-domain
o & ) ) ) ) ) S»1 data.

o 4 ¢ : b 8 10 " Due to the mentioned advantage of describing the radiation

Frequency, GHz g g

Fig.12. 531 magnitude and phase considering three directions in the ammutt?f arbitrary input signals, her the CST default Gaussian mod-
plane: mealsured (solid-ly simulateddash-red). fated pulse with spectrum corresponding to 3.1-10.6 GHz was
used as the input signal, as it cplately complies with the FCC
indoor and outdoor power masks [26].
the measured and HFSS simulatg&g are shown in Fig. 12, To assess the quality of the received pulse and to be able to
considering three different dictions in the azimuthal plane. ltcompare directly with measurements, the sysfetality factor
is observed that>; magnitude varies smoothly and its phase 5], which relects the correlation between the input and the re-
almost linear over the frequency range of interest. The latterdsived pulse, was calculated rather thanfitlelity factor. It is
desirable in order to obtain almost constant group delay whiglorth mentioning that the systefidelity factor takes into con-
is vital for the transmission and reception of nanosecondileration the distortion induced by the two antennas (Tx and
pulses. Note that the simulated and measured results are iRx3, whereas thédelity factor takes into account the transmit
good agreement. antenna effect only [25]. The systefidlelity factor is thus al-
ways lower than thédelity factor, but has the advantage to be
a measureable quantity. Fig. 13 shows the antenna impulse re-
The time-domain setup selected in this paper comprises taonse in the three considerededitions. The perfect overlap
identical antennas, one for tremitting (Tx) and one for re- of the simulated and measur&x signals shows good predic-
ceiving (Rx), placed side-by-d¢ with a large enough separation of the transient performance of the antenna for the chosen
tion distance (30 cm) to be considered in thefiatd of each orientations. To quantify the lelef distortion, the calculated
other. Measurements were pamhed in an anechoic chambersystemfidelity factor results are given in Table Il. The agree-
to eliminate multipath Mections from surrounding scatterersment between the simulated and measured values is reasonable;
To investigate the system behavior in different directions, thbe differences are mainly due to tl§e; magnitude variation.
two antennas time performanees measured in different ori- As it is shown in Fig. 12,Ss; is linear in phase and has less
entations ¢ = 0°, 3(°, and 60); the Tx antenna ifixed while magnitude variation in simulation than in measurement, thus,
the Rx antenna rotates in the azimuthal plane. higher systenfidelity values in simulation as compared to mea-
The time behavior of a UWB antenna can be obtained eithgurement are expected. This is Gomed by results shown in
from time- or frequency-domain measurements. In the time-d®able Il. Nevertheless, the systdidelity factor results indicate
main, using ultra short pulses, measurements are faster thizat the level of signal ditortion is quite acceptable-(0.5) for
in the frequency-domain making use of the Fourier transforre transmission of UWB signals. The designed radome has neg-
However, frequency-domain measurements have the advanttgjble effects on the time-domain performance.

B. Time—-Domain Behavior
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