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ACTIVITIES DURING THE SECONDMENT

Wearable antennas are integral part of body-cesystems, i.e. systems consisting of body-worn
electronic devices which communicate with the emvwinent (“off-body”), mutually (“on-body”)
and possibly with medical implants (“in-body”). Tip@ssible use of body-centric devices has a
broad range- they could be used for military, resservice, medical and entertaining purposes.

The research at the EPFL was focused on the bauyiceommunications in the UHF range (in
particular, around 400 MHz) and the goal was tagieproper wearable textile antenna for that
range. The demands on such antenna are contrgdictortenna is required to be light-weight, non-
obtrusive and conformal to the body, while at thene time maintaining good radiation properties
(bandwidth and efficiency). Possible use of sucterama is mainly for medium range off-body
communications, which could be useful e.g. for uesand military teams.

The explored concept was planar antennas — su@nraag are low profile, relatively easy to

fabricate and their use and miniaturization techegjare well documented in literature. They can
thus be considered as a good trade-off betweemetstt and functional point of view. As a

substrate, 4 mm thick fleece (permittivity of 1M@s used, which is quite thin in terms of the
wavelength in the UHF frequency range.

Using the commercial software CST Microwave Stuthwo antennas based on a PIFA concept
(which is commonly exploited in GSM communicationsave been designed and further
simulations were performed in order to analyze @piiimize their performances both in free space
and with a body model present. The proposed ansemrgashown on Fig.1, while their dimensions
are summarized in Table 1. Both antennas consisteofiround plane with slot (or slots), patch and
shorting wall (S.W.). The only difference is in thdimensions and the number of ground plane
slots, meaning the physical mechanism of radiaidhe same for both cases.

The first PIFA design has 2 slots in the groundheland its resonant frequency in free space is
around 480 MHz. The patch is slightly narrower ttiaa ground plane and is placed symmetrically
above it. The second design corresponds to the fivatibn of antenna lhaving a significantly
narrower patch (only 3.5 cm width), while its reanhfrequency in free space is around 420 MHz.
In the second design there is one slot in the gfqalane and one slot in the patch (the latter was
added to lower the resonant frequency closer twetbsange) and patch was placed along one edge
of the ground plane, i.e. asymmetrically.
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Fig. 1. Proposed PIFA designs — top and bottom view. @)tenna 1; (b) — antenna 2

Table 1. Technical parameters about proposed PIFA designs

Parameter — dimensions in [mm] Antenna 1 Antenna 2
Ground plane size 200 x 80 250 x 80
Patch length 100 120
Patch width 70 35
Shorting wall length 20 20
Ground plane slot length 50 50
Patch slot length - 30
Slot width 4 4
Feeding point distance from S.W. 20 49.5
Feeding point distance from centreline 10 30

After designing the antennas in free space, theifopmance was checked in the vicinity of the
human body model. As a simplified body model aaegtlar lossy dielectric box of dimensions
45x40x18 cm has been used — it corresponds todHg tsunk and antennas are placed in the
middle of its largest face. The relative permitivand conductivity were taken corresponding to
the muscle tissue at 400 MHz and amounted 57.189D&8) respectively (loss tangent turns to be
0.626). In Fig. 2 the placement of the antennatherbody model is illustrated.

When placed on the body model, the resonant frexyughifted upwards by 7 and 21 % for antenna
1 and 2, respectively (i.e. to around 500 MHz). @arnson between input reflection coefficient in

free space and with body present is given in Fifor3both designs. Such frequency up-shift is
confirmed also by looking at the field and curreensity distribution on the patch. It is in fact

unexpected and needs some more theoretical inaéstig
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Fig. 3. Input reflection coefficient vs. frequency for posed antenna designs

Furthermore, in presence of the body model, thatiat efficiency plummeted to -12 dB and -17
dB for antenna 1 and 2, respectively, leading taesof gain of -13 dBi. Such low values of the
radiation efficiency are common in the relevardrbture, meaning there is a major influence of the
body to the antenna performance.

In case of the proposed antennas the coupling eettfee antenna and the body is obtained due to
finite ground plane (diffraction from the edges)dawia slot in the ground plane. Therefore in
further simulations, the size and position of the 81 the ground plane have been systematically
changed in order to investigate the slot influeorehe antenna performance. It was found that the
influence of the slot on the resonant frequency matching generally diminishes when antenna is
placed on the body (compared to free-space casesdmowever more pronounced when the slot is
placed under the patch and close to the shortinlg wa

For antenna 2, the patch position above the grqlade was altered and it was found that it is
possible to improve the radiation efficiency bytop/ dB only by moving the patch away from the
edge and leaving the part of the ground planesiobvered by the patch. This suggests that the
patch and the ground plane form a capacitor in lwhichen a slot is placed, the near field couples
more into the lossy material.

Antenna 1, having a wider patch, in general exéibibetter performance in terms of the radiation
efficiency and gain. For this concept the widthtleé shorting wall has also been altered in the
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presence of the body. It was found that by narrgwtime shorting wall it is possible to reduce
resonant frequency in the presence of body up %6 @@. to around 420 MHz) without need to
increase the antenna size by scaling antenna diomsn&@Ithough at the cost of somewhat reduced
radiation efficiency).

MAIN RESULTS OF THE STAY

During the stay the PIFA antennas for UHF bandablet for wearable applications were proposed
and their performance was investigated using coenmgftware CST. The proposed PIFA antennas
posess one or two slots in the ground plane whatttributes to near-field coupling with the body.
The influence of the slot(s) was studied and arievdified concepts were proposed which benefit
from weaker coupling to the body thus improvingiafidn efficiency.

Future work will include fabrication and measuremsemn the prototype and body phantom in order
to verify simulations results. Antenna coupling wHeor more antennas are placed on the body is
also to be investigated. Theoretical work will e investigation of the observed up-shift in
resonant frequency of the antenna when the bodgrasent. The results are expected to be
presented in joint publication.

< List of the publications co-written (or in proggg)>

Other(s):
Number of Publications: 1 (2)
Number of Documents/ Reports: 1 (2)
Number of Case Studies & Demonstrators: 2 (3)

* Attach all relevant documentation that specifyesir results

FORECAST ACTIVITIES

<Are there any envisaged activities following thé&xondment project, new collaborations, co
directed PhD, etc>

Apart from expected joint publication some moreesgsh in methods of controlling the antenna
coupling is regarded as a next step in the futwwekwDepending on the application, coupling could
be desired (“on-body”) or undesired (“off-body”)hdrefore the use of artificial surfaces to control
coupling (AMC, EBG, soft&hard surfaces) is to bensiered. There is interest in further
collaboration in the area of wearable antennasbaaig-centric communications. The exact form of
collaboration is to be discussed.
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In order to improve CARE’s secondment program, seefdl this short questionnaire. Use the space
at the end to expand your answers, if needed. @uisao improve the general experience for
secondees in future.

Disagree< >» Agree

GENERAL

My objectives were achieve( 1 (1 |21 | 3] | 4
The research topics were relevanttomyw( 1] |21 | 3] | 4
| benefited from being part of a wider researchwel | 11 (21 | 3] | 4[X

HOST ORGANIZATION

| am satisfied with the quality and quantity of emsion | received| 1 (1 |21 | 31 | 4
| had access to adequate resources to supportsesroh, 1 (1 |21 | 31 | 4

SECONDMENT PROGRAM

I would recommend this secondment programme tast| 1 (1 |21 | 31 | 4

| believe the skills | have learned will help mengprove my job/research 1 (1|21 |31 | 4 X
| would apply to another programme similarto CAR 1 (1 (21| 3] | 4 [

In general, how would you classify the CARE SecoedtiProgramme} 1 (1 |21 | 31 | 4

Other questions/comments to be potentially constter

SIGNATURES

Candidate Branimir IvSi Date
(2011/12/07)
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