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Abstract

Electromagnetic fence designs have potential to provide bor-
der security especially for military tasks. In this paper, de-
sign, simulation and experimental results of a microstrip
patch antenna array which may be suitable for an electro-
magnetic fence application at C-band are presented. More-
over, an experimental demonstration of the effect of a per-
son on the signal propagation between the transmitter and
the receiver is presented basically.

1. Introduction

Electronic warfare concept and its applications have been
taking the place of classical military aspects for the last decade.
Especially, providing the security of any border by using tools
of this concept may be considered one of the most comprehen-
sive and challenging problems. However, an electromagnetic
fence, which is illustrated in Fig.1, may be a good candidate
to detect intruders and prevent smuggling while reducing the
defence costs and demand for human resources. The idea of
the electromagnetic fence basically depends on the detection of
the received signal fluctuations because of an obstacle moving
between the transmitter and receiver antennas. Obviously, this
concept must provide some requirements like mobility, low-cost
and artificial concealment. Thus, it is important to minimize the
components of the electromagnetic fence, especially the anten-
nas.

Camouflaged antenna

Figure 1. Illustration of an electromagnetic fence behind con-
cealment

Microstrip antenna concept was proposed by Descamp in
1953 [1] but its practical applications were developed by Mun-

son [2] and Howel [3] in 1970s. Microstrip antennas became
very popular for wide-band [4] or multi-band [5] wireless com-
munication, satellites, radars, cell phones etc. because of their
simple and cheap fabrication process [6]. Besides having these
advantages, they also have several disadvantages, such as low
efficiency, narrow bandwidth, and low gain. But, these draw-
backs can be overcome by using multiple patch elements in dif-
ferent configurations called microstrip arrays.

In this paper, design steps of a microstrip patch antenna ar-
ray with simulation results are presented in Section 2. Experi-
mental results of the fabricated antenna and a simple demonstra-
tion of the signal propagation between transmitter and receiver
arrays are given in Section 3. Conclusion and the future study
plans are mentioned in Section 4.

2. Design, Simulation and Fabrication of
the Array Antenna

2.1. Design of the single array element

A microstrip antenna may have any shape or size for a de-
sired application. But rectangular shape of a conductive patch
allows to use empiric mathematical model in the early steps of
design. With this mathematical model, one can calculate the
width (W), length (L), effective dielectric constant (e.yy) and
characteristic impedance (Z) of the patch approximately by us-
ing the equations given below [2, 6]
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where f is resonant frequency of the antenna, Wy is width of
the microstrip line, ¢ is speed of the electromagnetic wave in
vacuum, €, is relative permittivity of the dielectric substrate, h
is the total height of the antenna, L. is effective length of the
patch illustrated in Fig.2.

After determining the dimensions of the rectangular patch,
one should consider the feeder type. As it is well known,
microstrip line, coaxial probe, aperture coupling and proxim-
ity coupling are popular feeding methods for patch antennas
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Figure 2. Rectangular patch antenna

[6]. Here, microstrip line method with corporate-feed network
model is selected as a feeding method because it is easy to fab-
ricate and control the feeding position. Optimized design pa-
rameters of the proposed microstrip antenna element are given
in Table 1.

Table 1. Design parameters of the rectangular patch element

Center frequency 4 GHz
Substrate FR-4
Copper thickness 0.035 mm
Substrate height 1.6 mm
Loss tangent 0.025
Dielectric constant 43

Length of the substrate 33 mm
Width of the substrate 32 mm

Length of the patch 16.2 mm
Width of the patch 23 mm
Length of the feeder 10.8 mm

Width of the feeder 1.0 mm

By using the aforementioned parameters, it is possible to
simulate S-parameters and even the three dimensional (3D) di-
rectivity pattern of the single element patch via CST Microwave
Studio. Simulation results for S11 values and 3D directivity pat-
tern are illustrated in Fig. 3 and Fig. 4, respectively.
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Figure 3. Return loss of the single element antenna

Even if the S11 values show resonance at 4 GHz, half-power
beam width (HPBW) of the radiation pattern is predicted as 93.9
degree in f-plane and obviously it is too wide for an electro-
magnetic fence applications. Thus, to achieve narrower HPBW,
higher gain values and lower side lobe levels, an 1x4 array an-
tenna is designed and the procedure is given in the next subsec-
tion.

Tope Farfieid
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Figure 4. Directivity pattern of the single element antenna

2.2. Design of the 1x4 array

The 1x4 antenna array system is composed of two identical
1x2 array systems and its feeding network is seen in Fig. 5.
Optimized design parameters of the array are given in Table 2.
Note that, quarter-wave transformer (QWT) technique is used
to provide impedance matching for different type of microstrip
lines which produce the feeding network. The impedance of the
QWT can be given as

Zowr =V Zi - Zo (6)

where Z; and Z, are impedance values of any microstrip lines
that are connected to each other with the QWT. The distances
between the patches are 0.75 .
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Figure 5. Illustration of 1x4 microstrip patch array antenna

By using the design parameters, 3D directivity pattern of
the array is predicted by using CST Microwave Studio as seen
in Fig. 6.

Type Fartield
Approxination  ensbled (4Rt == 1)
Marikor farfield (1=4) [1]
Companent s
Direcivity
Frecuency 4

Redl, effic. -4.554 4B
Tot. effic -4.584 0B
Dir 13.45 dBi

Figure 6. Directivity pattern of the 1x4 microstrip patch array
antenna

It should be noted that different array antennas (such as 1x2,
2x4 etc.) are designed at the initial phases of this study. How-
ever, none of them yield desired radiation pattern.



Table 2. Design specifications of the 1x4 array

Center frequency 4.07 GHz
Substrate FR-4
Copper thickness 0.035 mm
Substrate height 1.6 mm
Loss tangent 0.025
Dielectric constant 3.85
Length of the substrate 50 mm
Width of the substrate 228 mm
Length of the patch 16.5 mm
Width of the patch 23.8 mm
Width of the \/4 transformer 1.0 mm
Length of the A/4 transformer | 9.9 mm
Width of the W 1.6 mm
Length of the W 11.2 mm
Width of the W, 0.72 mm
Length of the W}, 0.72 mm
Width of the W 3.0 mm
Length of the W 10.7 mm
Width of the Wio 1.6 mm
Length of the W» 19.8 mm
Width of the Wp,» 0.72 mm
Length of the Wi 48.0 mm
Width of the Wyeeq 3.0 mm
Length of Weeqa 13.0 mm

3. Experimental Results

Depending on the simulation results of the 1x4 array an-
tenna, 13.45 dBi directivity, -9.4 dB side lobe level, 15.1 degree
HPBW in 0-plane and 80.2 degree HPBW in ¢-plane are ob-
tained. It is possible to increase the directivity and decrease the
HPBW in 6-plane by designing the array with more elements
but it is obvious that this needs larger antenna dimensions which
may not be suitable for an electromagnetic fence requirements.
Thus, the 1x4 array which has 22.79 cm length and 4.52 cm
height, is fabricated as shown in Fig. 7 and its S11 values are
investigated experimentally. Measurement and simulation re-
sults of the S11 values are presented in Fig. 8.
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Figure 7. Fabricated array antenna and its S1; measurement

As a basic demonstration of the effect of a person on the sig-
nal propagation between the antennas, an experimental setup is
prepared. In this setup, as shown in Fig. 9, a Rohde & Schwarz
ZNB 8, 9 kHz-8.5 GHz vector network analyzer and a FSP 9
kHz-7 GHz spectrum analyzer are used as transmitter and re-
ceiver, respectively. Distance between the transmitter and the
receiver antennas is set to 1.25 meter.
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Figure 8. Measured and simulated return loss of the array an-
tenna

Figure 9. Experimental setup for the electromagnetic fence pro-
totype

The aim of the experiment is to observe signal distortion
for different scenarios. In the first scenario, only the receiver
antenna connected to the spectrum analyzer and noise is mea-
sured. The average noise level is obtained -68 dBm. In the
second scenario, transmitter antenna connected to the network
analyzer while receiver antenna is still connected to the spec-
trum analyzer. When there is no obstacle between the transmit-
ter and the receiver antenna, approximately 24 dBm signal level
is observed over the noise level. The peak level of the received
signal is detected as -44 dBm at the resonant frequency of the
array antenna. In third scenario, the received signal is recorded
while someone is passing between the antennas. In this sce-
nario, the received signal has a peak at -54 dBm level which is
10 dBm lower than the second scenario. Power spectrum of the
measured signals for these scenarios is drawn in Fig. 10.
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Figure 10. Power spectrum of the measured signals



4. Conclusion

In this paper, a microstrip patch antenna array which may
be suitable for electromagnetic fence applications is proposed.
Moreover, the experimental demonstration of the effect of a
person on the signal propagation between the transmitter and
the receiver is presented basically. Higher frequencies may be
more suitable for the proposed task but because of the limited
experimental resources, C-band is preferred to work. However,
depending on the obtained results, it is possible to say that pro-
posed array antenna may fulfil the requirements such as mobil-
ity, low-cost and artificial concealment for military tasks. As
future work, the antenna array is going to connect to an uni-
versal software radio peripheral (USRP) transceiver. Thus, pro-
ducing different types of signals such as FM or AM modulated,
pulse or chirp would be possible and that gives an opportunity
for analysing received signals by using signal processing tech-
niques to detect and classify the obstacles.
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