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ABSTRACT

The trend of further exploiting the potential of ubiquitous garmienistegrating more
functionality, together with the availability of a new geatem of materials, has led to
the concept ofvearable intelligent textile systeniBhese are garments able to monitor
the wearer’s vital signs and activity and capable of observingagmaental conditions,
in a comfortable and unobtrusive way. In order to transfer thenglotagsensor data,
these wearable systems require wireless communication toolqreBerve textile
properties such as flexibility and comfort, the antennas should berftélyratable into
the garments. The availability of electrotextiles allows mactufing these antennas
entirely out of textile materials. A lead application area tfugse wearable textile
systems is undoubtedly protective clothing for workwear such as fire figéterents.
This paper introduces a textile antenna designed on an aramidftabntegration in a
fire fighter outer garment. A multilayer microstrip patch ange is designed for
operation in the 2.45 GHz Industrial Scientific Medical (ISM) freguyeband for short
range communication to transmit the fire fighter’s lifensigo a nearby base station.
When integrated into the garment, the antenna requires a finitedgnoane and
operates in the presence of the body, a condition which may reshlinging antenna
characteristics. Furthermore, the antenna plane is covered wéttalskayers of textile
material when it is placed in the fire fighter garment. Ppheposed antenna provides
enough robustness to preserve its characteristics under thesenstances. This
research paves the way for a new generation of fire fighter garments.

1 INTRODUCTION

The main purpose of clothing is protecting the human body agamvstoemental

conditions. Professional workers benefit to a large extent from sitientific

developments such as the introduction of high performance fibres thatbeawe
achieved in the previous century. The 9-11 events in the US raisad/dheness of the
importance of equipping firefighters, paramedics and other rescueemsowith the
most advanced materials. Additionally monitoring their vital signs will be edablthe

next generation of professional protective clothing. Wireless conuaition

infrastructure allows transmitting substantial amount of data tsupporting base
station. Implementing the antenna in the clothing [1, 2] will mainta@aring comfort
while supporting the operability. In that perspective, a textilermat based on
specialty fabrics is required and will be presented in this rpafj@s research is
produced in the framework of the European Integrated ProjedieRr@? that enhances
the development of wearable textile systems to support the workexfyency worker
and firemen.



2 ANTENNA DESIGN

Our point of departure was a microstrip patch antenna built up adtidayer textile
structure and applied for off-body short range communication. Thesse®é Local
Area Networks (WLAN) operate in the 2.45 GHz ISM band and aredb@s@rotocols
such as Zigbee, Bluetooth, WiFi and Wireless USB. An antenna witlddB return
loss in this 2.4 — 2.4835 GHz band had to be obtained. Next to a spadtditna
topology, an antenna substrate with a sufficient thickness isreeiquh firefighters’
turnout coat for structural fire consists of an assembly ofi¢ebayers that are suitable
as substrate material. These layers are a flameamismtiter shell, a moisture barrier,
an inner thermal barrier and a liner. In order to obtain an adequzkedbks we chose to
adhere four layers of outer shell aramid fabric, resultingsabstrate thickness of 1.73
mm. By doing so, the flexibility of the antenna was reducedthststill sufficient to
provide wear comfort. Commercially available electrotestileere applied for
manufacturing the antenna patch and the ground plane.

A rectangular ring shaped textile antenna has been formerbemiesl [4] and has
proven its suitability as textile antenna, mainly because it prevatieantenna with a
sufficiently broad bandwidth (83.5 MHz is required). Furthermore,sihgle shape
allows easy cutting out of textile material.

A 2.5-D field simulator Advanced Design System (ADS)-Momentum@nfrAgilent
Technologies was used to design and optimize the antenna’s gingeascording to
the properties of the substrate (see Figure 1). A ground plane a 10 tm was
provided.
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Figure 1 — Dimensions of the rectangular ring texte antenna



3 ANTENNA POSITIONING IN THE GARMENT

The proposed antenna is designed for integration into the outerdierfigarment.
Since this is a multilayer assembly, two types of positiofiage to be determined:
between what layers and where on the garment.

The antenna will be wired to the monitoring system within the gatntherefore it was
decided to locate it underneath the moisture barrier and the ahéarrier layer.
Underneath the antennas’ ground plane is the inner lining of the garment, as shown in
Figure 2.

Figure 2 — Positioning of the antenna with regardd the assembly of the garment

The antenna placement on the garment was preferred in the dheasbbulders or the
upper arm because of the minimal risk of creasing and wrinkling in these areas.

Figure 3 — Possible location of the antenna on tlgarment



4 ANTENNA CHARACTERISTICS

For the reflection measuremens Agilent 8714 ET Network Analyzer was used.
Return loss measurements from the antenna in planar and in bentes@teerformed.

For the bent state, the antenna was wrapped around a plastic tlsediameter of 8

cm, simulating e.g. the arm. Figure 4 shows that both antenna temestac are
comparable to the simulation. Even in bent state, the entire ISM band remains covered.

Figure 4 — Return loss simulation and measurements.

For the transmission measuremeiats HP 8510 Network Analyser was applied. The
set- up in the anechoic room had a standard gain horn antenna as tiragmsmignna
and the textile antenna, mounted on an Orbit/Fr positioning systems[5¢caiving
antenna, as illustrated in Figure 5.

Figure 5 — Antenna configuration for the transmissbn measurements

In order to evaluate the presence of the additional textiledaymrering the antenna in
real-life application, the transmission parameters were cotigely measured without
and with the extra layers. This resulted in four types of measms: uncovered and
covered antenna both when the antenna was in planar and bent@taach-line-up,
transmission measurements were executed both in the XZ- andzth@aMe. The
antenna gain resulting from these data is presented in Figuréde6gdin pattern



visualises how the antenna redistributes the radiated powerdineailions. Most of the
power is transmitted in the direction perpendicular to the antefwdlirdction), yet,
when the antenna is bent, the radiated energy is distributed everdy in the
hemisphere ranging from -90° to 90°. This however, will not diminislytiadity of the

communication link.

Figure 6 — Measured antenna gain of the uncoverechd covered antenna at 2.45 GHz

Figure 7 compares the simulated and measured antenna gain of the uncovered planar

antenna and reveals that there is a good agreement.

Figure 7 — Simulated versus measured gain of the aavered planar antenna at 2.45 GHz

The following table resumes the maximum gain and the -3 dB |adté wi all different

situations.
Maximum gain -3 dB main lobe width
(dB) (deg)

XZ-plane YZ-plane XZ-plane YZ-plane
Planar — uncovered 4.36 4.45 71.1 70.2
Planar — covered 3.83 4.04 70.2 70.2
Bent — uncovered 4.49 461 76.5 78.3
Bent - covered 4.37 450 76.5 79.2




We conclude that neither covering nor bending the antenna has acaigmnififluence
on its gain, since the differences in antenna gain are beneathetdsin@ment error.
There is however a considerable increase of the -3 dB main |alble, wihich means
that the antenna becomes less directive and implies that the amtenapable of
detecting a broader range of incoming rays.

Finally, on-body measurements were performed as shown in Fglitee antenna gain
decreases but remains over 3 dB in the entire ISM band.

Figure 8 — On-body measurements and resulting ante gain.

5 CONCLUSIONS

The proposed rectangular-ring antenna based on a flame-ressstantd fabric
provides sufficient gain to operate from an inner layer of difjrgers’ outer garment.
Assembling four layers of this fabric provides an antenna substititea sufficient
thickness rigidity without harming the wear comfort. Even in berie sthis antenna
will guarantee the wireless communication link between the wearer abdgbestation.
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