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Abstract

This research presents the design of quasi to triangular pyramid antenna for latex positioning of
rubber tree, which has a directional radiation pattern suits to operating conditions. The appropriate
antenna for the radar technological system that matches the antenna impedance is an operating
frequency ot 5.8 GiHz, and the bandwidil is based on the antenna reflection principle. The antenna
is designed on FR4 printed circuit boaid, making the antenna small, non-complicated and low cost.
The antenna design uses the CST program to simulate electromagnetic problems for finding the
right size of the antenna. The simulation results show that the antenna with the bandwidth
mmpedance of 5.8 GHz at 45.7 +j18.0 ) has a wide frequency band for monitoring the rubber
with the frequency from 5.5 GHz to 6.0 GHz. The antenna has the bandwidth impedance of
27.17%, which has a maximum return loss is -33 dB at 5.85 GHz, can be applied to determine the
positions of the latex rubber.

Keywords: Quasi to triangular pyramid Antenna, Near Field Detection,

1. Introduction
The principle of the radar technology found that the main components are the antenna, by which
the transmitter emits radio waves, called radar signals, in the specified direction. When these
radar signals touch the object, they are often reflected or scattered in many directions. The radar
signal is reflected very well, especially with very conductive materials. This principle can be |
applied to determine the positions of latex rubber tree, i.e., the antenna design is based on
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experimental method with the simulation of the antenna structure, using the Computer
Simulation Technology (CST) Microwave Studio 2014 program to simulate and solve problems
in electromagnetic fields, and analyze the important features of the antenna to get the right
antenna for a particular application of radar technology. The design is based on the microstrip
patch antenna and the broadband antenna with a quasi-triangular shape. In this research, an
antenna is design based on the concept of a single layer patch, and design different types of
antennas with wider than the existing wide bandwidths to cover the operating frequency of the
radar system that used to monitor the latex rubber. The antenna is a symmetric microstrip patch
antenna, designed on FR-4 printed circuit board, using CST program that can process complex
antenna simulations, to get the right size of the antenna, i.e., small antenna, non-complicate, and
low cost. Considering the antenna’s return loss as a significant value must be lower than -10 dB
throughout the application area for monitoring rubber at frequency of 5.5 - 6.0 GHz. (K.S.
Beenamole, 2009), (Rabardjo, E. T., 2016)

2. Structure and Design Principles

2.1 Antenna Structure

This research has applied microstrip antennas with symmetrical triangular antenna, in
conjunction with the design of antenna impedance matching in order to get the antenna that has
an operating frequency at 5.8 GHz and a wide band coverage bandwidth available for latex
detection with the principle of radar. The antenna is tuned and the design of the transmission line
includes the antenna on the same base material. The FR-4 PCB has been chosen for antenna
design, with relative dielectre constaat ol base material (£, ) is 4.5, the loss tangent (& } is 0.02
and the height of the base material (4} is 1.6 mm. The frequency is set at the middle frequency.
The design matches the impedance of the antenna with the transmission line length A/4 of the
middle frequency, then start design the pyramid shape antenna. The length of A/4, with the
impedance match, can be calculated by using equations (1) — (3), as following: (Gonzalez, G.,
1984), (Balanis, C. A., 1989)
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The inifial value of the antenna is t = 1.6 mm, =5 mm, w; = 80 1mnm, w; = 48 mm,
w3 = 44 mm, wy = 3 mm, I; = 80 mm, L = 48 mm, 13 = 44 mm, and 14 = 3 mm. Next, using CST

program to perform simulation,
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Fig. 1: The structure of microstrip mixed antenna simulated with CST.
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Fig.2: The structure and parameters of microstrip mixed antenna simulated with CST.



2.2 Simulation Analysis
By initializing parameters and simulating with CST program based on design and simulation
results, the return loss is shown as in figure 3.3.
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Fig.3: Loss due to reversing of the antenna at the initial parameter value.

The adjustment of the length parameter f will affect the change in loss due to the reversal of the
antenna. The figure 3 shows the value obtained by defining a theoretical default parameter, by
which the antenna return loss is approximately -10 dB and -11 dB at 3.87 GHz and 5.45 GHz,
respectively. It is found that the antenna works with two frequencies. Therefore, the parameter f
is chosen to adjust the inductance and the charge capacitance of the antenna. Firstly, resizing
parameter fis 15 nun (instead of 5 mm), which increasing by 10 mm, to see the changing trend.
And when simulating again, the antenna frequency is shifted to 5.9 GHz, which will be operated
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Fig. 4: Loss due to antenna reversal when adjusting the initial parameter fto 15 mm.



k] 15 4 4.5 H 53 & &3 ’ 75 L]

Fig. 5: Loss due to antenna reversal when initial parameter adjustment £
decreases to 10 mm.

Considering the loss value due to the reversal in figure 5, the antenna has a middie frequency of
5.6 GHz, as a result of the adjustment of f, and the reverse loss of the antenna is -16 dB.
Therefore, changing the value of f is less likely affects the middle frequency of the antenna,
however, this will affect the loss due to the reverse of the antenna.
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Fig. 6: Losses due to antenna reversal when parameters w; and I, are adjusted to 50 mm
and keeping ws and 13 to 44 mm.

Secondly, adjust the parameters w; and l; by changing the original value from 48 mm to 50
mm and keep the value of w3 and 13 to 44 mm, The result shows in figure 6 has the average
antenna frequency that is reduced to 5.5 GHz. From the observation, it is found that the
parameters w, and I, effect the frequency shift from middle frequency and also improve the
antenna impedance matching result. After that reduce the width of the parameters w» and 1 so
that the middle frequency of the antenna slides to the frequency designed above is at 5.8 GHz.
Therefore, parameters size of the w; and |, must be reduced to 47 mm. Consider the effect of loss
due to reversal in figure 3.7, the average frequency of the antenna is shifted to 5.8 GHz, and the
return loss is about -16 dB.

232



Fig. 7: Losses due to antenna reversal when parameters w; and 1, are adjusted to 47 mm
and keeping ws and 13 to 44 mm,

After modifying the parameters w, and 1, the result determines the values of both parameters of
the antenna, i.e., f, wo, and l,. The process of adjustment both parameters yielded the best
antenna characteristics, i.e., the parameters f, w, and I, are 10 mm, 47 mm and 47 mm,
respectively, as shown in Figure 7. The antenna has an appropriate matching impedance of 5.8
GHz is considered to be acceptable result.

The antenna has a return loss of less than -16 dB, which can be used for monitoring the latex
rubber with the principle of radar, has a bandwidth with operating frequencies coverage ranging
from 5.5 GHz to 6.0 GHz. Consider the structure of the antenna design, it is also found that the
value of other parameters affects to the characteristics of the antenna are the length of w; and 1,
Le., the widih of the groanding bourd. Therefore, the last step is lo adjust the size of ihe
grounding board, 1.e., the size of w, and the width of || that will not affect the middle frequency
of the antenna. This will affect the loss due to the reverse but not much. The final lengih of w,
and the width of I are 80 mm and 80 mm, respectively. The size of the antenna is estimated from
the design of the CST as follows; wy = 80 mm, w, = 47 mm, wi =44 mm, wy=3 mm, |} =
80 mm, I = 47 mum, 13 = 44 mun, and 14 = 3 mm. The return loss is shown in figure §, which
indicates that the antenna has bandwidth for the rubber latex detection at 5.5 GHz to 6.0 GHz is
the antenna designing with bandwidth of 27.17% at the maximum back loss equals to -33 dB at
frequency of 5.85 GHz.
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Fig. 8: Losses due to reverse of the antenna with adjustable size
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By adjusting the parameters from start to end, the antenna has a good matching, and there is
bandwidth coverage the frequency that used for monitoring latex rubber. The antenna has a
power dissipation pattern from the simulation results in the electric field plane (E-plane) that is

shown in figure 10, and the magnetic ficld plane (H-plane) is shown in Figure 11.
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Fregquency = 5.8

Man lobe magntude = 2,57 dBi
Main kobe drection = 270,0 deg,
Angular vidth (3 dB) =  62.8 deq.
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Fig. 10: Power distribution model of the antenna in the electric field at frequency 5.8 GHz.
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Fig. 11: Power distribution model of the antenna in the magnetic field at frequency 5.8 GHz

The result of the antenna design for wireless communication technology with CST Microwave
Studio program has obtained the appropriate antenna by creating a prototype of the FR-4, a
two-sided printed circuit board, that can be used in high frequencies. The antenna is small,
lightweight, has a simple design structure, and non-complicated. The material used to make this

antenna can be bought easily and cheaply. The structure of the antenna is shown in figure 12,

Fig. 12: Basic Antenna Infrastructure

3. Conclusion
The design of symmetric microstrip patch antenna, similar to pyramid triangles, for a rubber
latex monitoring has been applying the usage of a triangle pyramid shape antenna is similar and
the microstrip antenna by wsing CST Microwave Studio program to determine the appropriate



parameter size of the antenna used for monitoring the latex rubber. The design is structured in a
hybrid approach using microstrip antenna, and symmetric triangular antenna to increase the rate
of antenna expansion and to improved stability of the power dissipation model. The antenna
input is designed with impedance conversion of transmission line to match the impedance and
increase the bandwidth to the antenna. In addition, there is a design of the ground plane for the
antenna to have a structure of distributed power in the direction of the plane by which the ground
plane is larger than the antenna element. The FR-4 printed circuit board is used as a base material
because it is tolerated to high frequency. Based on the simulation results, the antenna has a wide
bandwidth covering the operating frequency band, with pattern of power disiribution of the
directional antenna, that is practical for monitoring the latex rubber using the radar principle.
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