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Abstract—Various types of medical and biomedical
applications have been widely used antenna as a vital
supporting part for their wireless communication. Since these
antennas are used in and around a human body, their size must
be small and their shape must be conformed to the human
organism where they are placed. This paper describes a
miniature dipole antenna for a tongue-placed electro-tactile
device which is designed to support the blind and visually-
impaired people in information transmission and mobility
assistance. In order to check the performance of our antenna,
the design parameters such as shape, length, and size and
substrate material are evaluated by doing simulation. Due to
the cable effect to small antenna in measurement, a Bazooka
balun will be used for measurement. The measurement results
suggest that the dipole antenna could provide a good reference
for designed an antenna in tactile display applications.

Index Terms—miniaturized antenna; electro-tactile device;
tongue; medical application; balun; small antenna measurement

I. INTRODUCTION

For the last few years, various types of medical and
biomedical applications have been reported of using antenna
for wireless communication such as treatment, diagnosis and
information transmission [1]. The blind and visual-impaired
people have been so far attached to bulky and complicated
system such as wheelchair [2], the cone or Personal Guidance
System [3]. A theory which is called “neuroplasticity”, which
is a property of the human brain to reorganize itself due to
changes in behavior, environment and neural processes as
well as changes resulting from injury, was first studied by
Professor Bach-y-Rita [4]. After different works on
vibrotactile stimulators, developed a novel system, the
Tongue Display Unit, which allows information from
external device to be sensed by humans via neuro-stimulation
of the tongue. Bach-y-Rita et al. applied such system to aid
the blind and visually-impaired people in navigation through
their tongue [5]. However, the system was still bulky with
cable and handheld system.

In the present project, we would like to reduce and
minimize the system of Paul Bach-y-Rita into a compact and
tiny system. One of the ideas is using wireless
communication to make the whole system wireless. Antenna
frequencies ranging from 434 MHz to a few GHz have been
reported to be usable in human body [6]. As for our case, 2.4
GHz frequency is applicable to some wireless protocols,

especially for the visually-impaired people who are in need of
navigation at short distance.

In our project, we proposed a design of a tiny dipole
antenna working at 2.4 GHz. All proper antenna parameters
were first simulated via the Computer Simulation Technology
(CST) Microwave Studio. In order to investigate the effect of
the antenna on human body and to check the antenna
performance, antenna parameters will be measured and
compared to the above theoretical simulation.

II.  DESCRIPTION OF THE TONGUE TACTILE
SYSTEM

Based on the pioneering work of Professor Bach-y-Rita
[5], a prototype system is proposed by our group.

a) - b)
Electrode controlling | Wirelesstransmission
Electrode block
0000

Central processing

eBuUualUYy

block

Figure 1. Tongue-placed electro-tactile system consists of: a) Tongue-
placed electro-tactile device and b) A pair of sunglasses including camera.

In our system, a person can wear a pair of sun-glasses (b)
which includes a camera detecting objects from the
environment. From the camera, the signal will be sent
wirelessly to the tongue electro-tactile device (a) (TED), a
matrix of 4x4 electrodes. A circuit is integrated in the device
to process the signal from the camera and control the most
important part which can help blind people sense through the
tongue, that is a matrix of electrodes. The circuit contains
four functioning blocks: (1) a battery providing energy to
raise the whole circuit, (2) a central processing block
processing the image signal into a encoded signal, (3) the
electrode controlling block processing the encoded signal to
control signal to be sent to the electrodes and (4) the wireless
transmission block that receives the wireless signal from the
camera. The antenna is an important part which supports
wireless communication in our system.

III. DESIGN OF THE ANTENNA MINIATURIZATION

The antennas integrated in wireless applications for
human body have to be taken into consideration the



environment around them, hence, are certainly different from
the antennas in common systems in terms of dimension and
power. The TED mentioned above is placed inside the mouth
and is designed to electrically stimulate the dorsal part of the
tongue. Therefore it has the dimension that fits human mouth
and the antenna should be small enough to be placed on such
device.

Our proposed antenna is of the dipole type, which is not
only easy to modify but also radiates radio waves power
uniformly in all directions, which well supports for the blind
who cannot direct themselves in advance. The antenna is
designed to operate at 2.4 GHz, as a result, the dimension of
the antenna will be equal to A/2. That means it is about 12.5
cm in air. This quantity is too large to put inside the human
mouth. Method to reduce the size of the antenna by folding
up the two branches of the dipole is applied (Figure 2).

. iz

Figure 2. Dipole antenna for tongue-placed electro-tactile device: Design
model for the antenna at the a) front and b) back; Fabricated antenna at the
¢) front and d) back.

The polymer substrate Roger 5880, ¢=2.2 and
tand=0.0009 is used for future integrating to the device
because the device is required to be soft to avoid damage the
mucous layers inside the mouth. The dimensions of this
designed antenna are listed in Table 1.

TABLE L DIMENSION PARAMETERS OF SIMULATION MODEL OF THE
DIPOLE ANTENNA
Parameters ds w, W, W; W, W

Length(mm) 0.375 1.000 3.320 2.700 0.800 3.000

Parameters We L, L, H, H, H;

Length(mm) 7.625 8.750 8.980 3.000 9.000 2.000

IV.  RESULTS AND DISCUSSION

The effect of miniaturization on the performance of the
proposed antenna was investigated through the simulation
and measurement results. Figure 3 shows the S;; curve of
the antenna simulated in CST Microwave Studio in
logarithmic scale which represents how much power is
reflected from the antenna.

< Morameter Viagninude in 63

S - L s,
T S1,1:-20.650872 e

| \ //

-2373<
23113 234 2.3 2.3 2.2 242 44 246 2,791
Frequoncy / GHe

Figure 3. Parameter S, of the dipole antenna

In Figure 3, the simulated antenna has the S,
parameter at =23 dB at 2.4 GHz. The value of S, ; is under -
10 dB. Figure 3 also shows that the bandwidth of the
simulated antenna is around 24 Mhz (because the S11 curve
cuts the —10dB line at 2.395 GHz and 2.419 GHz) which
exceeds the lowest bandwidth (5 MHz) of the Bluetooth

protocol.
dB

B8.726
0.504

0.162
0.33
0.198
0. 066
-3.57
-10.7
-17.9
-25
-32.1
=39.3
Type Farfield
Approximation enabled (kR >> 1)
Honitor Farfield (F=2.4) [1]
Component Abs
Dutput Gain
Frequency 2.4
Rad. effic. -1.294 dB
Tot. effic. -1.542 dB
Gain 8.726h dB

Figure 4. Radiation pattern of the dipole antenna

In Figure 4, the radiation pattern of the antenna is
nearly an isotropic pattern with 0.7264 gain and -1.542 dB of
total efficiency. The result shows that the radiation pattern is
nearly the same in every direction, which means it is able to
transmit/receive signal from every direction. Besides, the
pattern on the front and on the back of the antenna is not
symmetric due to the designed structure standing on two
planes.

To assess and validate the calculations and simulations,
the dipole antenna was measured. However, while doing
measurement on S;; parameter, the S;; curve from 0 to 3
GHz did not show any value below -10dB and all the S;;
values were even around zero. Hence, the measurement
results for this small antenna did not agree with the
simulation.

According to the report of the IKERLAN Technology
research centre during CST 2012 workshop [7], this problem
could stem from the outer currents on the measurement
cable. This leakage current coming from the outer surface of
the coaxial cable which is the connector between the antenna
and the measurement equipment (Vector Network Analyzer)
created a very big effect on the antenna characteristic. In
order to mitigate the cable effect, the well-known Bazooka



balun was chosen for this antenna to match the simulation
and measurement [8]. A Bazooka balun is a quarter wave
length metal sleeve shorted at one end which encapsulates a
coaxial line. In this way the input impedance at its open end
is very large, which suppresses the above-mentioned outer
current. In our project, the CST MWS software was used to
design the metal sleeve. Figure 5 shows the typical geometry
and configuration of a Bazooka balun and the designed one.
Table 2 gives the exact dimensions of the balun
configuration.

4
a) — b) | ofraipll Y

N T~

141 Semi Rigid

METALSLEEVE —> | | w4 I CoaxialLine
I§ 5 ' |2
-7 - l Td2
SHORTED TO COAX

| <— COAXIAL LINE
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~ N

Figure 5. Geometry and configuration of: a) typical Bazooka balun; and b)
the designed balun with dimension.

Parameters di 4 Ll L2 L3
Length(mm) 1 2 10 31 16
TABLE II. DIMENSION PARAMETERS OF BAZOOKA BALUN

The fabricated balun was made based on the “.141
TIN-W-P-50” according to the RF Cable list of Jyebao
company [9], which has the dimensions of 0.91 mm; 2.98
mm and 3.58 mm of center conductor, dielectric and outer
conductor diameter, respectively. Besides, this coaxial line
has the 50 Ohm load impedance which can totally match the
impedance of the antenna. The balun was then soldered with
the antenna and measured to validate the design. Figure 6
displays the antenna with the balun in CST MWS simulation
and in real devicie.

a) b)

Figure 6. Dipole antenna with balun in: a) Simulation and b) real device

First the antenna with balun was simulated in CST and
compared with the old result of the case without balun. In
Figure 7, the simulated graphs of the two cases were
displayed.

Simulation result
00 05 10 15 20 25 30

5 1 ——withoutbalun

——with balun

10 A

$1,1(dB)

15 -

20

Frequency(GHz)

25 4

Figure 7. Simulation results of antenna with and without balun

The simulation result of the case with balun does not
totally match well with the simulation result of the antenna
on its own. The bandwidth is smaller, the value of S, is
smaller (around -25dB) and there is a small peak at -5dB at
1.5 GHz. When we did the simulation with the dimension of
balun, the result was affected by all values of the balun. The
value L2, which is the metal sleeve length was quarter wave.
Hence, 31 mm is appropriate for this case and when doing
simulation, this value is very good to make the S, ; below -
10dB. The sensitivity to variations of d1 and d2 is small. In
order to make a better balun and put the form of the S;;
curve as much like the case without it, L2 and L3 can be
changed. Certainly, all the dimensions can be optimised and
tested with more sets of values to investigate their
applicability [10][9].

After simulation and design, the measurement was
performed to evaluate the performance of the antenna with
the designed balun. Measurement results were obtained and

compared in the two cases: (1) with and (2) without balun.
Measurement result
0.0 05 1.0 15 20 25 3.0

——Withoutbalun
& | ==—=Wwithhalun f=2.37GHz f=2.385GHz

S1,1(dB)

0 P e == -

g

" Frequency(GHz) f=2.38GHz;
51,1min=-13.94dB

Figure 8. Measured S, of the antenna with and without balun

As we can see from Figure 8, if there is no balun, there
is no peak or remarkable change at around 2.4 GHz. When
the balun is added, the measured S, ; displays a peak at 2.38
GHz at the value of -13.94dB, which is much better than the
case without balun. This proves clearly the impact of RF
feed to our small antenna and the Bazooka balun can
efficiently prevent the outer current effect. The bandwidth
here is only 0.015 GHz which is smaller than the simulation
case without balun because the bandwidth was changed due
to the balun. Typically a balun can be used at 10% relative
bandwidth [8].

The radiation pattern of the corrected antenna with
balun was simulated at 2.4 GHz, which is shown in Figure 8.
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Figure 9. Radiation pattern of the dipole antenna with Bazooka balun

Figure 9 shows 3D of the power radiation pattern of
the antenna in terms of Theta angle. The form of the pattern
is nearly omnidirectional around the antenna; however, the
balun here covers a large sector of the pattern. Although the
balun was used to reduce the cable effect, due to the short-
circuited part of coaxial line on the balun and the near field
coupling into the cable which is the connector to the
measurement setup, the radiation pattern can be affected
significantly. Besides, any cables and lines has their own
electromagnetic fields, which is able to contribute to the total
radiated power.

The measurement of the three dimensional (3D)
farfield radiation pattern of the antenna was implemented in
a scanning system in an anechoic chamber in our IMEP-
LAHC laboratory. As a result of preventing all
electromagnetic fields, in the measurement setup, all the
cables and lines which are made of metal were tried to be
masked by the carbon-pearmeated pads in order to be
absorbed all unnecessary fields and radiation. The balun was
still used to connect with the radio frequency (RF) cable in
order to keep the antenna from outer current. Only the
antenna was illuminated by the plane wave from farfield. A
vector network analyzer placed outside the chamber was
connected to the antenna to measure. Three dimensional
measurement results were displayed in Figure 10.

. - 8 l

Figure 10. Measured radiation patterns of the dipole antenna in : 2D (a and
b); and 3D (c and d)

In Figure 10, the radiation pattern was measured at 2.4
GHz. The form of the radiation pattern measured shows that

it is nearly but not totally omni-directional. The
measurement result is not as perfect as the radiation pattern
of the simulation of the case without balun, which could be
due to the design of the antenna having 2 geometries in 2
sides. However, the pattern as a whole is nearly spherical
like in simulation. As compared to the simulation of the case
with balun, the measured radiation pattern looks much
better. Despite searching any methods to reduce all
electromagnetic effects, the bulky cables inside the chamber
connecting with the outside machines can be a problem.
Still, the system needs to be optimized and tested for better
applicability and utilisability.

V. CONCLUSION

A printed small dipole antenna on polymer substrate
was designed, simulated and successfully fabricated. For the
case of small antenna, it is common that the cable effects
have impact on the measurement. In our project, a solution
based on the quater wave length balun was used. With such
balun, S;; and radiation pattern parameters were
successfully measured. The results obtained from simulation
and measurement shows that this antenna is a good
candidate for applications on the tactile display devices.
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