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Abstract. This work focuses precisely on the design of a smart antenna printed
on dielectric substrate operating at frequency L1 = 1575.42 MHz This device
consists of an antenna array to be integrated, in a GNSS/GPS network, with the
aim of detecting ionosphere disturbances associated with land-based. To
address such concerns, we studied an antenna array, consisting of four square
elements, patch type, operating at the L1 frequency. As a first step, a simple
square printed radiating structure was designed to test adaptation and radiation
characteristics. In a second step, a square shape (2 * 2) antenna array has been
studied. This type of sensor (networks) should respond no later than fifteen
minutes after the main shock of an earthquake.

Keywords: Antenna array, GNSS antenna, ionosphere perturbations.

1 Introduction

At the end of the last decades, significant progress in detecting and modeling the
ionosphere disturbances induced by seismic waves, were performed. This research is
now an important part of the assignment and monitoring projects in the upper
atmosphere [1] [2]. We are particularly interested in the behavior of the ionosphere,
which is considered the seat of physical phenomena such as refraction and reflection
of electromagnetic waves.

The extremely low power level delivered at the satellite makes the GPS prone to
jamming and interference disturbances. Interference in question may be unintended
equipment produced by other radio or from hostile interference. Studies by [3] and [4]
show that an antenna array and adaptive directional beams are a promising method to
overcome this problem. The use of high frequencies and microwave systems for
microstrip structure has been responsible for the development of printed antennas.
They are most often used in networks to improve performance and to enable the
achievement of very specific functions, such as pointing and scanning electronic
jammers rejection, and adaptive detection. There are two possible methods to
dynamically change the radiation pattern and mitigate the effects of interference and
multipath while increasing the coverage and distance [3]: (1) The switched beam and
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(2) the adaptive beamforming. However, the first system provides limited
performance compared to the second one. Therefore, we will focus our work on
adaptive beam antennas which can react dynamically to changing RF environment.
The unwanted signals (interferences) are deleted, while the main beam is directed to
the signal. It is precisely to meet these requirements we are considering to use the
antenna arrays controlled by servo. The servo leads the radiation beam to point to a
desired mobile user and tracks the moving user, while minimizing interference from
other users. Precisely, a part of this result we will try to achieve, in this study for a
design in the industry, a network of smart antennas. The present work will be divided
into two main parts. The first one will be devoted to the study of a single element
(patch) square, while the second part, will addresses the computations and
optimization of an antenna array.

2 Simple Element Design

The probably most two popular GNSS L1 antenna implementations are the patch and
helix approaches. Nevertheless, others also exist [5]. This patch will be fed by a
microstrip line with an impedance of 50 Q. The study of such a unit cell allows us to
observe their behavior and frequency radiation at the working frequency L1.

Fig. 1. Geometry of a single square patch

The described element will be design to operate at L1 frequency 1575.42 MHz.
Our computations were based on transmission line theory. The width and length are
given by the following equations [6]:

W:; )
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oL, er2

Where the operating frequency L1=1575.42 MHz, ¢ = 3 10° m/s and er = 4.32.
Substituting above values, the width of the patch (W) becomes 61.1 mm. The
effective length (L) of the element can be calculated with equations (2) and (3).
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In this design, substrate has been used with parameters are: tand = 0.001, thickness of
substrate (h) equal to 1.59 mm. Substituting W= 61.1 mm, er = 4.32 in equation (3),
we get g4 = 4.10. Hence L.y = 49.9 mm. Due to the board effect, we derive the
length extension (AL), using the following equation :

3
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Substituting €. = 4.10 and the values of W and h, we get AL = 0.741 mm. In final, we
obtain, using this equation: L = Lyt - 2AL = 49.9 mm — 1.482 mm = 48.41 mm.
However, some adjustments to the dimensions will be required in order to obtain a
better adaptation and optimization of dimensions at the L1 frequency. The new
dimensions of the patch, after optimization, are given in the following table.

Table 1. Dimensions of the patch

Dimensions (mm) Theoretical values After optimization
Length (L) 48.41 mm 43 mm
Width (W) 61.1 mm 43 mm

Thickness (h) 1.59 mm 1.59 mm

The major characteristics, at the desired frequency of a single element,
of adaptation and radiation are shown, respectively, in the Fig. 2, Fig.3, Fig.4 and
Fig.5.

A good agreement is obtained at 1575.42 MHz where the reflexion coefficient is
about -14 dB. This value shows that the printed square patch antenna is better
matched to its feeding strip line because S;; < - 10 dB. In this investigation, VSWR is
less than 2. Taking as a test transmission below -10 dB to define the frequency at
which the patch works (Fig. 2), there is then a cut ranging from 1.55 GHz to 1.60
GHz - a bandwidth of about 4% compatible with the intended application. The
antenna gain equal 4.91 dB in the direction of maximum radiation, that is
perpendicular to the patch 0°. These results are satisfactory compared to the gain of
patch antennas which seldom exceeds 6 dB [7].
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Fig. 2. Reflexion coefficient (S;;) for single element

Taking as a test transmission below -10 dB to define the frequency at which the
patch works (Fig. 2), there is then a cut ranging from 1.55 GHz to 1.60 GHz a
bandwidth of about 4% compatible with the intended application.

Name | X ¥ XY Plot 3
m | 15879 | 37504 |
35.00—
30.00—]
= 2500
5 m
= |
E -
3 2000
15.00—]
10.00—
5.00—]
0.00— |
100 120 140 160 1ho
Freq [GHZ]

Fig. 3. VSWR for single element
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Fig. 5. Simulated radiation pattern at L1 frequency ¢=0° (red) and ¢=90° (purple)

3 Antenna Array Design

In the case of single square element, it has been observed that the antenna gain is
quite low, not exceeding 6 dB. In order to increase the gain and improve the radiation
characteristics, we use a network of antennas instead of a single antenna element. The
major advantage of this array is its electronic scanning capability. Moreover, the
major lobe can be steered toward any direction by changing the phase of the
excitation current at each array element.

The most important point in the design of an antenna array is the feed network. In
our case, we opted for a parallel feed. The parallel feed, also called the corporate feed,
where the patch elements are fed in parallel by the power division transmission lines.
The transmission line divides into two branches and each branch divides again until it
reaches the patch elements. This is constructed by first connecting two adjacent
elements together with a transmission line and this can be calculated from (5) and (6).
Now, two separate groups, each containing two elements, need to be connected
together. This is done with a transmission line drawn between the centers of the 0.35
mm wide transmission line. Figure 6 show the geometry of the proposed array.
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Where W, is the effective width of the patch, t is the thickness of the dielectric
substrate, Z, is the impedance of the transmission line and 1 is the free space intrinsic
impedance. The transmission line is split using T-junction with equal power split. So
both branches will receive input power, as is showing by the following equation:

_1Vy
P 7
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In that case where P, and Py, be the output power, then
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As equal power split is needed, the output impedance (Z,,) of the transmission line
using (7) and (8) is obtained as Z,, = 2Z,. In general, the impedance of a patch is
between 100 and 400 Q [8]. In our case, the transmission line is equal to 108 € and
knowing that the impedance Z,, = 2 Z,. Hence Z;, = 54 Q. We finally obtained a line
width of 7 mm. The array is fed by a probe of diameter 1.2 mm in the middle of the
thicker transmission line by using SMA of impedance 50 Q2. From equation (8) we get
that the probe ideally should have an impedance of 48 Q.

In this method, the inner conductor of the coax is connected to the patch through
the substrate while the outer conductor is attached to the ground plane.

d |
§:.I

Fig. 6. Design of antenna array (2*2)
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Particular interest should be worn to calculate the distance between element(s) in
order to minimize the coupling between the elements. Several studies [8] and [9]
showed that a distance of about A / 2 reduces the effects of this phenomenon. Given
that A is the wavelength in the dielectric, equal to A, / v g.¢r With A, the wavelength in
vacuum and &g effective dielectric constant of the patch. In our case, the distance (d)
between the elements of the antenna has been optimized and set at 8§ cm. This
parameter has a significant impact not only on minimizing coupling phenomena but
also the shape of the radiation pattern [4].

In future work, we will focus on the inter-element distance patches to study the
influence of this parameter and optimize the performance of our network. The antenna is
made of right hand circular polarization (RHCP) and it is on this basis that the antenna
was carried out. The choice of this polarization is defined and not arbitrary [10].

The microstip antenna array radiates normal to its patch surface. The diagram
consists essentially of a main lobe containing the maximum power, in the normal
direction of the patch, suitable for our application. The simulated E-plane and H-plane
pattern and the reflexion coefficient (S11) are illustrated in the figure 7 and 8. The
reflexion coefficient of the antenna array is — 14.82 dB at the L1 frequency for a peak
gain at design frequency of 7 dB.
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Fig. 7. Reflexion coefficient of the array Fig. 8. Simulated E-plane and H-plane

4 Conclusion

The study of printed antennas shows that, we were able to design an antenna array
consisting of four square elements, which will then be integrated into GPS/GNSS
networks to monitor atmospheric phenomena. The results using simulation tools in
the vicinity of 1547.42 MHz, showed satisfactory characteristics of adaptation and
radiation. The appropriate approach to reach our goal is to study as a first step, and
optimize the performance of a simple radiating component obtaining thus a reflexion
coefficient close to -15 dB with a gain of 5 dB and a suitable radiation pattern.
Indeed, the maximum radiation is obtained in the normal direction of the patch. The
results are fully consistent with the results in the literature.
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The second step consists in the optimization of antenna array by finding an optimal
configuration of the network, addressing the key issue the distance between elements
in order to obtain a small footprint while maintaining correct characteristics of
adaptation and radiation. In this case, too, the radiation characteristics and adaptation
remains satisfactory. We obtain a gain of about 7 dB and a radiation pattern consists
mainly of a main lobe in the direction normal to the surface of the patch, suitable for
our application. The inter-element distance was optimized and fixed to the half
wavelength, about 8 cm

In the case of single element it has been observed that the antenna gain is quite
low. But, while employing the array, gain increases significantly. This is one of the
most advantages of the array structure. The results obtained at the L1 frequency, make
it possible to design a network of printed antennas that can be used further for the
design of an adaptive antenna.

The network thus proposed with high gain, low cost and small footprint meets our
goal. As a perspective to our work, we propose the use of this network for the design
of an adaptive antenna capable to modify the antenna pattern in order to have the
benefits of the signal environment. A beam adaptive antenna arrays using controlled
by a well-defined process. This control directs the radiation beam to a desired mobile
user and tracks the moving user, while minimizing interference from other users by
introducing nulls in the direction of interference.
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