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demands innovative solutions to overcome infrastructure limitations
Satellite communication, IoT in remote areas. Right Now, this need is expected to increase by around
integration, microstrip antenna, 5.8 25%. [oT technology, which is key in the industrial revolution 4.0 and
GHz WLAN, remote area the development of smart cities, relies heavily on the support of
connectivity communication networks, especially in remote areas that are

underserved by mobile and fiber optic infrastructure. This study
proposes an optimal antenna design for point-to-point applications on
WLAN-IoT networks integrated with LEO satellite communication
systems. The antenna design uses a rectangular inverted-dash patch-
shaped array configuration with an operating frequency of 5.8 GHz,
designed to improve communication range and efficiency. The antenna
has a high gain of 5 dBi and a directional radiation pattern that is
suitable for difficult environments in remote areas. The prototype
antenna test showed positive results with a return loss of -15.78 dB, a
VSWR of 1.39, and a radiation efficiency of 96%. The test results also
showed a significant increase in transmission signal strength compared
to the reference antenna, providing an innovative solution to extend the
range of the satellite communication system with high efficiency. This
study emphasizes the importance of antenna design that takes into
account technical specifications and environmental conditions to
optimize the performance of communication networks in remote areas.

1. Introduction

The demand for fast and stable information and communication network access technology by society, industry,
and governments in various technology applications, including the Internet of Things (IoT) and terrestrial satellite
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communications is increasing by about 25% from 2022 to 2026 [1], [2] 10T technology has become one of the key
innovations in supporting the success of the industrial revolution 4.0 and realizing smart cities, where the rapid
development of IoT and the promotion of new technologies in various applications bring extraordinary
convenience to human life [3], [4], [5] On the other hand, the successful deployment of 0T devices cannot be
separated from the vital support of communication networks, both access networks and main networks, especially
in remote areas that support urban areas in providing commodities for plantations, agriculture, livestock, mining,
and forest products [6], [7], [8] However, these remote areas still do not have adequate internet infrastructure,
both from cellular and fiber optic infrastructure. Therefore, the presence of Low-Earth-Orbiting (LEO) satellites
is amajor breakthrough in accommodating the provision of reliable and flexible internet communication networks
for IoT devices in remote areas [8], [10], [11], [12]

In general, the LEO satellite internet network architecture can only be utilized in a limited scope for a range
of no more than 100 m2. The network works by applying a dish antenna in the user segment as a transceiver to
connect to LEO (core network) satellites, then internet access is spread through the Wi-Fi 5 Router which provides
operational frequencies of 2.4 GHz and 5 GHz. This can be seen in Fig. 1.

Therefore, for the provision of wider IoT network coverage in remote areas, a more complex network
topology is needed by adding an Outdoor Access Point Router (OAPR) as a relay to integrate simultaneously
between the 10T device cluster network and the LEO satellite internet network [13]. In this case, the OAPR relay
is tasked with providing wireless access (WLAN) to [oT devices using the 2.4 GHz operational frequency. Then,
the OAPR relay is connected point-to-point with the central OAPR using the 5.8 GHz operational frequency with
the consideration of less interference, a greater number of channels, and a wider bandwidth to accommodate the
heavy data traffic of IoT devices [14].

Nonetheless, the integration between loT device wireless communication systems and LEO satellite
communication networks requires the right antennas to ensure optimal availability, reliability, and performance
on communications in relay networks (OAPR relays with central OAPR). Therefore, the antenna design for such
applications must consider variables such as operational frequency accuracy, gain, directivity, and proper
radiation patterns to provide more efficient connectivity in IoT systems [15], [16] Furthermore, environmental
variables such as weather and topographic conditions are also considered in designing antennas [15].
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Fig. 1 Existing LEO-Satellite communication system

Various studies have explored the design and performance of 5.8 GHz antennas for WLAN-IoT network
applications. Wang, et al. in [17] created the antenna patch design using Chinese characters. The antenna is
fabricated using an FR-4 substrate and produces an omni-directional radiation pattern. In another study
conducted by Chen, etal. in [18] antennas were designed with a combination of a triangular structure, an inverted-
F shape, and an M-shape, which was rotated 900 counterclockwise. The antenna is fabricated using FR-4 substrate,
produces an omni-directional radiation pattern, and is applied as an access point relay antenna. Furthermore,
Fakhriddinovich, et al. in [19] have designed a monopole coplanar waveguide (CPW) antenna with a T-shaped
strip-shaped patch, L-shaped mirror, strip, and coplanar ground plane to accommodate ISM-band and WLAN. Just
like the other studies, the antenna was fabricated using an FR-4 substrate and produced an omni-directional
radiation pattern. Olan-Nunez, et al. in [20][21] also designed the antenna to accommodate applications in the
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ISM-band. The antenna is crafted using two radiating rectangular slots, with an upper Split Ring Resonator (SRR)
to enhance the radiation pattern at 5.8 GHz. It also includes a Complementary Split Ring Resonator (CSRR) and
three Split Rings (SR) to improve the input reflection coefficient. The antenna is constructed on a Polylactic Acid
(PLA) substrate. Another study conducted by Jamlos, et al. in [22] resulted in antenna designs with array and
circular polarized configurations. The antenna will be used for point-to-point WLAN[23].

Based on previous research, antennas designed to operate at the 5.8 GHz frequency have an average omni-
directional radiation pattern and have a wide band in addition to having a directivity that is less specific to the
target area. Meanwhile, in remote areas have a fairly difficult environment and require antennas with high gain to
ensure network reliability and availability. Therefore, in this study, an antenna design that is suitable for point-
to-point WLAN applications is proposed with an array configuration to expand the range of the satellite
communication system with a frequency of 5.8 GHz, a compact rectangular inverted-dash patch shape that
accommodates the specifications of the expansion of the satellite communication system, has an S Parameter value
of 5.75GHz-5.85 GHz, a high gain of 5 dBi, and a specific directivity angle in the antenna directional area.

2. Antenna Design

In accommodating the provision of antennas for point-to-point communication of relay networks in the expansion
of more reliable satellite connectivity systems, this paper designs antennas to meet the requirements in the form
of operational frequency, gain, and directivity[24], [25]. The antenna fabrication method begins with creating the
geometric design of the antenna as described in Sub-chapter 2.1. Next, simulations are carried out to analyze the
suitability of the required parameters, as detailed in Sub-chapter 2.2.

2.1 Antenna Geometry and Configuration

The proposed antenna geometry and configuration have a resonant frequency of 5.8 GHz, as illustrated in Fig. 3.
The antenna is designed using CST Studio software. The substrate used in the design is FR-4 epoxy which has a
thickness of 1.6 mm, a tangent of 0.02, and a relative permittivity of 4.4. The proposed antenna has a rectangular
shape with dimensions of 150 x 110 mm. The antenna patch is designed in a square shape with inverse-dash
slotted and configured with a 2x4 array. This structure is supplied by 50 microstrip transmission linesQ. The
antenna ground plane consists of a rectangular patch with a width of Wg and a length of Lg. The complete
geometric size of the antenna design can be seen in Table 1.

he,
s I he,

Fig. 3 Proposed antenna design
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Table 1 Design parameters of proposed antenna

Parameters Dimension (mm)
Substrate Thickness (hs) 1.6
Copper Thickness (hcl & hc2) 0.035
Ls,Lg 150
Ws, Wg 110
Wp, Lp 18
Lf1 60
Lf2 58.94
Lf3 40.68
Lf4 29.02
Lf5 22.82
Lf6 56.25
Lf7 38
Lf8 6.71
Lb3, L4 5.14
Wb1, Wb3 1.12
Wb2, Wb4 1.29
Lb2 7.38

The geometric size of each single patch (length and width of the patch) is determined using Equations (1) and
(2) [26]. as follows:

- N
Wp = 2(V05(6+1)) (1)

The substrate's relative permittivity and its wavelength in free space at the operating frequency are §rand Ao
respectively. The most effective Wp options ensure optimal impedance matching. To determine the suitable patch
length, Equation (2) can be employed

L, =—5 _ _2A[
b 2for/Eers

P (2)
In this equation, €0, ALP, and e represent the speed of light, The change in patch length due to fringing and the
effective dielectric constant are considered. The relative effective permittivity is subsequently calculated using
Equation (3).

— £r+1 6?‘71 1
§rp = =5 + 73 \/1+12 ha (3)

Wp

where hs is the substrate’s height. Lastly, the fringe effect can be estimated using Equation (4)

(&us7 -+ 0.300) (32 +0.264)
(&0s7 — 0.258) (52 +0.813)

AL, = 0.421h, 4)
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2.2 Parametric Simulation

After completing the antenna design, simulations are conducted to evaluate several key parameters, including
return loss and Voltage Standing Wave Ratio (VSWR), radiation patterns, gain and directivity. The first parameter
tested is the return loss indicated by the S-Parameter (S11)[27], [28]. Return loss on an antenna is a measure of
how well the energy emitted by a signal source (such as a transmitter) is transmitted through the antenna and
how little energy is reflected back to the signal source. In simple terms, return loss indicates the efficiency of the
antenna in transmitting signals. The higher the return loss value, the less energy is reflected back and the more
efficient the antenna is. Fig. 4. shows the S parameter (magnitude in dB) of the microstrip array antenna at a
frequency of 5.8 GHz. At this frequency there is a decrease of about -40.99602 dB, indicating that the efficient
matcing impedance represents the radiation efficiency value so that based on the simulation it reaches 99%.
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Fig. 4 S-Parameters test simulation

Furthermore, the parameter targeted in the design is VSWR. VSWR is a measure that determines how well the
impedance between the antenna and the transmission line is matched. Ideally, a perfect impedance match will
result in a VSWR of 1:1[29], [30]. This means that no energy is reflected back to the source and all energy is
transmitted to the antenna. Based on the simulations that have been carried out, the VSWR value generated in the
proposed antenna design is 1.0179936. This can be seen in Fig. 5.
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Fig. 5 VSWR test simulation
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In addition to return loss and VSWR, the parameter targeted in the next design is the radiation pattern. The
radiation pattern of the antenna is a graphical depiction of how power is distributed when it is emitted or received
by the antenna within the target space of the end-to-end satellite communication network.. This pattern shows
the intensity of the electromagnetic field in various directions relative to the antenna which leads to the reception
of the system of the satellite service user [30], [31]. At this stage, the radiation pattern of the antenna design is
depicted in 2D planes at Phi=90 and Tetha=90 shown in Fig. 6a and Fig. 6b, respectively. Based on Fig. 6, the
antenna forms a directional radiation pattern suitable for point-to-point applications.

[— Simulation (Phi=g0) —— Simulation (Tetha=90)

300 77
270 | ‘

240 " R

210 e e 150

(@) (b)
Fig. 6 Simulation of radiation pattern (a) Phi=90; (b) Tetha=90

The last parameters that are targeted in the simulation stage are gain and directivity. Gain is a measure of how
effectively an antenna converts input power into electromagnetic radiation in a particular direction compared to
areference (isotropic) antenna [32], [33]. While directivity is a measure of how well an antenna focuses its radiant
power in a particular direction compared to the uniform power distribution of an isotropic antenna, without
taking into account the efficiency of the antenna. Based on the simulation results, the gain of the antenna at the
frequency of 5.8 GHz is 5.65 dBi with a directivity of 460. This is shown in the Fig. 7.

Farfield Gain Theta (Phi=90)

farfield (f=5.8) [1]

Phi=270

Frequency = 5.8 GHz
Main lobe magnitude =  5.65 dBi

180 Main lobe direction = 46.0 deg.
Angular width (3 dB) = 36.8 deg.
Theta / Degree vs. dBi Side lobe level = -2.6 dB

Fig. 7 Gain and directivity simulation

3. Result and Discussion

After obtaining the appropriate simulation results, then proceed to the antenna fabrication process. The antenna
design that has been made is then fabricated. The fabrication results are then implemented on FR-4 substrate that
has been cut with dimensions of 150x110 mm using a vacuum heating technique [34], [35], [36]. The next step is
to dissolve the required copper layer using a solution of HCl, H202, and H20 in a ratio of 1:2:2. The results of the
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antenna prototype fabrication are shown in Fig. 8. The prototype of the fabricated antenna was then tested using
the scheme as shown in Fig. 9.

Fig. 8 Manufactured prototype antenna

The antenna prototype was tested in the antenna measurement chamber, where the dipole antenna antenna
was configured as a transmitter that emitted electromagnetic signals with a frequency of 5.8 GHz generated by
the signal generator. Then the electromagnetic signal is received by the antenna prototype, then read by the Vector
Network Analyzer (VNA). The prototype antenna is rotated up to 3600 to produce measurements complete with
the schematic in fig, 9.
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Fig. 9 Antenna measurement scheme

The antenna parameters tested in the measurement include return loss (S11), VSWR, and Radiation Pattern.
Based on the measurement results, the return loss value at the operational frequency is -15.77994 dB. The storage
that occurs between simulation and measurement is -25 dB. Despite this, the resulting radiation efficiency is 96%.
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Meanwhile, the result of the VSWR measurement is 1.38822. The VSWR value is still within the tolerance
threshold, even though there is a value storage of 0.3 dBi of reinforcement. On the other hand, the results of the
radiation pattern measurement show a directional radiation pattern. The measurement results of the three
parameters can be seen in Fig. 10, Fig. 11, and Fig. 12, respectively.
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Fig. 12 Measurement results radiation pattern

Recently, the proposed antenna prototype was compared to the antenna prototype from the previous related
research. The reference parameters used for comparison are gain, directivity, and radiation efficiency. Based on
the results of the comparison, the proposed antenna excels in gain and directivity parameters. In detail,
comparative data can be seen in Table 2.

Table 2 Comparison of proposed antenna with other research literature at 5.8 GHz of operational frequency

References Peak Gain (dBi) Directivity (degree) Radiation
Efficiency (%)

Proposed 5.65* 30* 96

[22] Not mentioned Not mentioned Not mentioned

[20] 6.5 Not mentioned 99*

[19] 2.5 360 86

[18] 1 360 95

[17] 2.5 360 85

In this study, the system implementation analysis scheme can be represented in fig. 13. In the implementation
analysis, the main component in the transmission is the distribution of the arrival and reception angles of the
signal both at the receiver and the sender. So to analyze the scheme in figure 9, the most effective analysis is that
we adopt the ULA system to solve the problem of estimating the Direction of arrival on the antenna
transmission in the satellite communication system network system[37], [38], [39]. The system should have
an N antenna, with a distance between d. As illustrated in Figure 1, the array receives K unknown signals,
with the k-th signal (k=0, 1, ..., K- 1) having an angle of arrival 8k.
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Fig. 13 Network architecture representation scheme

As depicted in Figure 9, the phase difference between two sequentially received signals is:

__ 2wdsinf
Ap = xdsing

’

(5)

where A is the wavelength of the signal.

First, pay attention to the situation of a single signal, where S» (£) it shows the signal received n at the time ¢

sn(t) = s(t —n1) (6)

where 7 represents the time interval during which two antennas receive a signal. The received signal can
alternatively be expressed as:

s(t) = z(t)e™ " )
where fu is the signal frequency. So that
s(t—71)=z(t — T)ejzm(t_ﬂ
— s(t)e2mhT
= s(t)e A¥ )
Where A9 =27 foT,
Substituting equations (8) to (6) is obtained

sn(t) = s(t)e ma¢ 9)

From equations (7) and (9), the received signal array antennas follow the following equation
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_e—j2ﬂ'f0’l'u_

eijﬂ'f(}Tl

6—j27rfnn |

1

- 2mrd sin
e TN

. 2m(N—1)dsin &
-

= As(t) (10)

Suppose there are two unknown signals namely 41 (t) and 52(t), then the signal received by the n th antenna
element can be expressed as follows:

- 2m(n—1)dsin @ - 27(n—1)dsing

yo(t) =77 2 s1(t) + e 2 sa(t)
I/
L 2n(n 1)dsinf . 27(n 1)dsindy S1 (t)
et e e

89 t (11)

Therefore, the total received signal can be written as
Y=AS+N (12)

Dengan ‘
A= [a(6y), a(6y),...,a(0s 1)], a(f) = {1, e-i2mgsiny) . g jamtiRe smwk)]

for the k-th signal.

~ KxM ~ NxM
S 2 [s0,81, ~+ oy 8m1] €CVY = yo, 1,000y, ] €CTT and V € C"*M genotes Additive White
Gaussian Noise (AWGN) [41].

denotes the steering vector

From the analysis that has been carried out, in order to validate the transmission model can be carried out
efficiently, it is important to test the strength of the transmission signal using the signal analyzer spectrum to
compare it with the reference antenna that has been developed in the previous study in fig. 14. The signal strength
in the antenna implementation has a significantly better transmission efficiency value than the reference antenna
with an average increase of 10dB in each sample experiment [42], which indicates that this antenna has a very
significant innovation troboson to increase the expansion of the range of the satellite conconnection system.

=50 T T
— —Proposed Antenna
— Reference Antennal |_ — = — (5800 GHz, 55,7 dB)

-60 ]
|

— — — — —(5800 GHz, -66,7 dB)

Amplitude (dB)

5700 5750 5800 5850 5900
Frequency (MHz)

Fig. 14 Comparison of signal reinforcement between the reference antenna and the proposed antenna
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4. Conclusion

This research highlights the importance of integration between wireless communication technology, Internet of
Things (1oT) devices, and Low-Earth-Orbiting (LEO) satellite communication networks to overcome network
access challenges in remote areas. With the increasing demand for fast and stable information and communication
access technology, its success depends heavily on adequate communication networks, especially in underserved
areas. To integrate the two systems, this study focuses on designing a microstrip antenna. The antenna design
proposed in this study, namely a rectangular inverted-dash patch antenna with an operating frequency of 5.8 GHz,
shows significant potential to extend the range of LEO satellite communication systems. The antenna is designed
to improve gain and directivity, which is especially important in challenging environments in remote areas. The
test results show that the prototype antenna has superior performance with a return loss of -15.78 dB, VSWR of
1.39, and radiation efficiency of 96%. The advantages of this antenna compared to other reference antennas, with
an increase in average transmission efficiency of 10 dB, signify an innovative contribution in expanding the range
and improving the performance of satellite communication systems. Overall, this study shows that the right
antenna design is key to overcoming network challenges in remote areas and can support the provision of reliable
connectivity for IoT devices. This solution not only increases the range but also ensures the availability and
reliability of communications in systems that utilize LEO satellites.
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