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Abstract:

Due to the limited communication time between Low Earth Orbit, LEO satellites and the
ground station and large volume of satellite image data, it is necessary to establish a high
transmission rate connection. Therefore, the use of a high-efficiency satellite antenna is
inevitable. In order to use the limited viewing time of the satellite, it must be possible to
communicate with the ground station at low angles and change the main beam direction of
satellite antenna to the direction of the ground station. The proposed array is composed of
8 antenna elements with a compact microstrip feed network. Low profile structure, circular
polarization, high gain and low cost specifications of this proposed antenna array,
candidate it for conformal array antenna in satellite applications.
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1. Introduction

Considering the data transmission rates in imaging and
remote sensing satellites, along with the difficulty of
boosting satellite transmitter power or reducing data
transmission rates, utilizing a high-gain antenna is the
optimal solution for maintaining a stable communication
link. Various types of antennas utilized in satellites for
transmitting  high-resolution images and establishing
communication with ground stations include antennas
equipped with electromechanical pointing structure [1], a
combination of planar phased array antennas and
electromechanical pointing structures [2], as well as phased
array antennas with a conformal structure [3-4]. The
conformal array antenna is one of the optimal choices for
communication at low elevation angles without
mechanically rotating the antenna.

2. Antenna Array Design

Given that small-gain omnidirectional antennas are
typically employed in satellite communication systems,
a gain of 15dBi is considered significant compared to
others. Figure 1 indicates that the conical structure
possesses the most effective area. Furthermore, to
simplify the fabrication and assembly of the antenna
with the feeding network, the conical structure is
approximated by a polyhedral pyramidal structure.
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Figure 1. Different Conformal Array Effective Area

3. Array Antenna Design and Simulation

In order to simulate arrays in a full-wave simulator, an
X-band patch antenna is designed. It should be noted
that the simulation was done with CST software. The
antenna's peak gain at the specific frequency of 8.45

GHz is 5.64dBi. Eight patch antennas are placed on each
face of the polyhedral array structure. A well-known 8-
way Wilkinson power divider is employed for
distributing power to this array. The gain of the array is
14.3dBi, determined by its structure. Given that each
individual element has a gain of 4.5dBi, raising the
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number of elements by 8 results in an approximate
increase of 9 dB in the gain of the array which shows a
great match with principles of array theory. Figure 2
shows array antenna and it’s feeding network.

Figure 2. Array Antenna and Feeding Network

A polyhedral conformal array is constructed by assembling
the planar sub-arrays. As seen in figure 3, this design
achieves a maximum gain of 18.3 dBi. Furthermore, this
figure displays the two-dimensional radiation pattern of the
antenna at various rotation angles. Based on this figure, the
antenna's gain is consistently above 15 dBi for elevation
angles beyond 30 degrees. In order to generate circular
polarization with the conformal array structure, planar arrays
exhibit a phase difference relative to each other [5] [6].

1D Results\Beamsteering

m\t\ —— Theta=0
15 — Theta=10 |
10 e e T e — Theta=20 |
s y AN — Theta-30 |-
. — Theta=40
[ S S : .
g s — Theta=50
E : -5 RN g
-10 //“‘\) ) — Theta=70
-15 W ' — Theta=580
201 i Theta=90 |
2 — Theta-100

-180 150 -100 -50 0 50 100 150 180
Theta / Degree
Figure 3. Array 2D radiation pattern at ¢ = 0 and different
elevation angles

4. Measurement Results vs. Simulation Results
Based on Figure 4, the simulation and measurement
results of the antenna reflection coefficient exhibit a
considerable level of similarity.
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Figure 4. Comparison of measured and simulated reflection coefficient
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Figure 5. Comparison of measured and simulated 2D
radiation pattern

However, Figure 5 indicates that the radiation pattern of the
antenna in the simulation deviates slightly from the
measurements. Additionally, the radiation pattern of the E-
plane exhibits asymmetry. It is important to mention that,
in order to simplify the construction process and reduce
costs, the multi-layer board was not utilized. Instead, the
individual boards were manufactured separately and
stacked on top of one another. The discrepancy arises from
the construction's level of quality and the inadequate
accuracy in connecting and assembling the feeding network
to the antenna, as well as the difficulty in producing an air
gap between the antenna and the feeding network, which
cannot be readily simulated. In addition, plastic screws are
employed to stack the boards vertically. The antenna's gain
at 8.45GHz is around 13.6dB.

5. Conclusions

A high-gain circular polarization array antenna is
specifically engineered for use in satellite systems.
Achieving a harmonious combination of well-executed
design and construction is also deemed satisfactory. The
utilization of the triangular planar array allows for the
acquisition of many conformal array configurations
suitable for satellite applications.
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