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ABSTRACT: This paper presents the design of a circular-shape microstrip patch antenna structure with nine circular Electromagnetic Band
Gaps (EBGs), which have been arranged in a flower shape to increase the antenna gain and be more effective in detecting metals in river
prawns. Test results show that the frequency of 1.50 GHz has the greatest effect on metal detection in river prawns. The circular microstrip
antenna with the EBG structure is fabricated with a copper sheet and a thickness of 0.03 cm. The radiator patch has a radius of 1.615 cm,
and the EBGs, with a radius of 0.8 cm, are arranged around a circular patch antenna structure. The substrate uses a mylar polyester film
sheet that has a thickness of 0.05 cm; the dielectric value is 3.2; and the impedance bandwidth of the operating frequency range is 5.26%
(1.48-1.56 GHz). This proposed antenna can increase the gain up to 43.76%, with a value of 5.19 dBi. In the application for detecting
metal in river prawns, the distance for placing the Tx and Rx antennas to detect metal in river prawns is 6 cm. This circular microstrip
antenna can detect metals ranging from 0.5 to 3 cm and above, with an average power value ranging from —12.38 to —18.84 dBm.

1. INTRODUCTION

urrently, giant river prawns are widely popular among con-
Csumers, being a signature dish in various restaurants and
eateries. However, high-quality giant river prawns must come
from rivers. The reason for giant river prawns always in de-
mand is their excellent texture and flavor. Giant river prawns
can be used as ingredients in many types of dishes and are
highly nutritious, resulting in a very high domestic trade vol-
ume. Additionally, they are one of the most profitable export
products, including their processing into food, which signifi-
cantly increases their price [1-3]. This depends on the size of
the giant river prawns, as standard giant river prawns must be
longer than 15 centimeters or have a size of 56 pieces per kilo-
gram. This has led to the weight tampering of giant river prawns
by inserting lead or steel balls into the head area to increase the
weight of the giant river prawns for sale. This issue may neg-
atively impact the economy both domestically and in exports
due to a lack of trust in the products being sold or exported. Ad-
ditionally, if being used in cooking, it could pose health risks
to consumers. As a result, metal detectors have developed by
using electromagnetic field technology, with high-performance
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electronics and software capable of accurately detecting com-
mon metals [4]. These detectors are expensive; there are also
maintenance issues that require long waits for spare parts from
abroad, which are also expensive.

Due to the problems mentioned above, researchers have stud-
ied and designed a metal detection device for giant river prawns
using the principles of high-frequency electromagnetic field
technology through antenna equipment [5]. This equipment
functions as a transmitter to reflect the signal back to the re-
ceiver antenna, which enhances signal reception with electro-
magnetic band gap (EBG) and microstrip sensors technique.

In terms of antenna arrangement and signal propagation, re-
searchers have designed it as follows: a monopole antenna
structure, a tri-band textile coplanar antenna that used the tech-
nique of 2 x 2 unit EBG. In this paper, a circular-shape mi-
crostrip patch antenna is designed for use with the human body,
with the specific absorption rate (SAR) using the frequencies
at 2.4, 3.5, and 5.8 GHz and antenna gains of 5.11, 6.43, and
7.41 dBi, respectively. In addition, the calculated SAR val-
ues of the prototype were reduced by more than 91% in the
presence of EBG [6]. A circular microstrip antenna was de-
signed at 5.9 GHz with a gain of 6.86 dBi and used in conjunc-
tion with a 3 x 3 unit equivalent circuit split ring resonator (EC-
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SRR), which can increase the return loss at 5.60 and 6.224 GHz
and had the antenna gain of 5.58, 6.79, and 5.86 dBi, respec-
tively [7]. A microstrip antenna with a split ring resonator
(SRR) and a complementary split ring resonator (CSRR) was
used for wireless applications with declination of SAR. The
SRR and CSRR were placed on the radiator and used a T-shaped
slot at a ground plane to achieve a hepta-band. The proposed
antenna was designed for supporting frequencies of 2.4, 3.0,
3.5,5.0,5.8, 11.8, and 13.1 GHz, respectively, and had antenna
gain of 1.94, 2.19, 1.66, 3.87, 3.65, 4.06, and 4.14 dB, respec-
tively [8]. A circular microstrip patch antenna was designed at
a frequency of 20 GHz in mode TM5;. A central patch was sur-
rounded by eight circular ring antenna elements in mode TMy;.
This antenna can enhance performance with an offset reflector,
such as cross-polarization —30 dB cross-polar bandwidth, and
the gain of the reflector was 41.04 dB [9].

A dual-mode, dual-band circular microstrip patch antenna
was designed on a Rogers 5880 substrate for TM; and TMy;
modes. A big circular patch was implemented on the bottom
and a five-ring circular stub for TM1; on the top. This an-
tenna can support dual-band frequency at 2.4 GHz, 2.5% wider,
and 5.2 GHz, 3.9 wider, which can increase the gain efficiency
at 2.4 GHz from 6.73 dBi up to 9.55dBi, and 5.2 GHz from
4.90 dBi up to 8.5dBi [10]. A circle-shaped microstrip antenna
was fabricated on an FR-4 substrate for wireless applications
using the technique of adding four circular ring elements in
TM;1; mode. The results demonstrated an operating frequency
range of 2—10 GHz with a gain of 2.4 to 10.02dBi [11]. The
microstrip patch antenna was designed with an EBG and de-
fected ground structures (DGSs). The antenna covered reso-
nance frequency at 10 GHz, which improved the gain and di-
rectivity up to 10.7 dBi, or about 23%, with using the square-
ring slotted DGS [12]. A rectangle-shaped slot with an in-
verted L-shaped slit microstrip antenna was fabricated on an
FR-4 substrate to enhance the impedance bandwidth with six
elliptical EBG structures. It was found in the result of re-
turn loss at —10 dB that the bandwidth frequency was 36.9%
(3.91-5.68 GHz) [13]. A microstrip patch antenna with 3 x 3
EBG was proposed for support in WiIMAX applications and
had an operating frequency of 5.2 GHz. The antenna was at-
tached to an EBG with the technique of adding split ring res-
onator (SRR) geometry for enhancement of the antenna gain,
which was placed at a distance of 4 cm and increased the gain of
3.4 dBi to 8.95dBi [14]. The circular microstrip patch antenna
was designed for MIMO applications, which were combined
with shorting pin technique to control the resonant frequency
by specifying TM1;, TMp1, and TMg2 modes. The antenna
had operating frequencies of 720 MHz (4.53-5.25 GHz) and
130 MHz (5.09-5.21 GHz), and antenna gain was 9.5 dBi [15].
A compact microstrip patch antenna was designed for wire-
less applications with an FR-4 substrate by adding ten crowns
around the main circle. The antenna covered two operating
frequencies in the C and Ku bands of 7.5 GHz and 17 GHz,
with antenna gains of 0.8 dBi and 2.21 dBi, respectively [16].
A rectangular microstrip patch antenna with circular 2 x 2 ar-
ray elements was fabricated for a compact size and support-
ing wearable MBAN devices. The proposed antenna has been
used for human examination applications; the SAR decreased

to 0.2281 W/kg, giving the lowest average SAR value for 1
gram of tissue [17]. A textile microstrip circular patch antenna
was designed in wireless body-area network (WBAN) applica-
tions with copper and nickel coated on the upper surface with
a hook-shaped etching technique. The antenna increased the
four bandwidth frequencies (quad-band): 2.45 GHz, 3.32 GHz,
3.93 GHz, and 5.8 GHz, which had antenna gains of —0.81 dBi,
—2.81dBi, —1.16 dBi, and 2.83 dBi, respectively [18].

For the purpose of metal detectors and sensors, the re-
searchers have designed the following: a microstrip metal de-
tector (MMD) was designed for the beam profile monitoring
of charged particle and synchrotron radiation beams. The re-
sults found that the profile and beam position can be accurately
measured at 20 um [19]. The circular microstrip patch antenna
for gas sensors was fabricated by using the disk resonator tech-
nique. The antenna had a resonance frequency of 2.44 GHz,
which examined the values of the real and imaginary parts of
S11 compared to the ammonia concentration at 0°C to 25°C;
ammonia vapor could be detected at concentrations as high as
25% [20]. A rectangular microstrip patch antenna was designed
for temperature monitoring applications, which used the tech-
nique with a rectangular reflector. It was found in the test re-
sult that in an operating frequency of 5.61-5.96 GHz, it was
able to measure the temperature from 40°C to 100°C, and the
error was + 2.2°C [21]. A compact microstrip patch antenna
was designed for monitoring foot pressure sensing, which was
measured by a frequency modulated continue wave (FMCW)
generator. This antenna was combined with a vector network
analyzer (VNA) in the frequency range of 5.643-5.735 GHz,
and there was an error of +0.002% according to the required
standard [22]. A compact rectangular microstrip patch an-
tenna was fabricated on a Rogers 5880 substrate with the op-
erating at millimeter (mm) waves method to measure blood
glucose levels. The experimental result showed that the op-
erating frequency at 60 GHz could detect glucose concentra-
tions as small as 1.33 mmol/l (0.025 wt%) [23]. A U-shape
microstrip patch antenna was designed for moisture sensor-
based use using the U-shape etching technique. The antenna
covered dual-band frequencies of 5.2 GHz and 6.8 GHz, which
had regression coefficients and sensitivity of 0.411/2.294 and
0.379/0.628, respectively [24]. A rectangular microstrip patch
antenna was designed to detect simultaneous strain and tem-
perature. which was implemented at the frequency of 5 GHz.
The measurement results showed a strain of 17.22 € and a tem-
perature of 0.4°C with an error of +0.5°C [25]. A microstrip
line based method was applied to glucose detectors in noninva-
sive continuous monitoring by the method of main field sensing
and multivariable crosschecking. The test result demonstrated
the operating frequency of 1.48 GHz at 7500 pL of glucose,
which found a concentration of 78 to 625 mg/dL with a sen-
sitivity of 1.8 x 1072 dB (mg/dL) and a concentration of 625 to
5000 mg/dL with a sensitivity of 6.6 x 1072 dB (mg/dL) [26].
A rectangular microstrip patch antenna was applied to brain tu-
mor detection, which used a 3 x 3 circular EBG at the ground
plane. An antenna structure was fabricated with rubber and car-
bon filler material, which had an antenna gain of 4.09 dBi at the
frequency of 7.3 GHz. The measurement results showed that
it was able to detect brain tumors at 1.6 W/kg for SAR per 1 g
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mean, which had a safety advantage for the human head [27]. A
flexible square spiral-based microstrip antenna was fabricated
with poly (dimethylsiloxane) material to measure water and
acid contaminations in oil. The test result was demonstrated
with an oil sample of 0.05% water content and a 0.5 mg KOH/g
acid value, which had a deviation of only 2.88% [28]. An open-
loop resonator self-complementary dipole antenna (OSCDA)
was fabricated to detect a liquid adulteration based on which an
impedance bandwidth of 1.1-3.3 GHz was applied. The exper-
imental result found good sensitivity to detect adulteration in
liquids, which affected the frequency range from 0.672 GHz to
2.736 GHz [29]. A microstrip line antenna was designed with
adding branch microstrip line stubs and combined with split-
ring resonator (SRR) and complementary SRR (CSRR) tech-
niques. This antenna was fabricated on a polydimethylsilox-
ane substrate and had the purpose of detecting the temperature.
The test results showed that the average sensitivity was 0.737
and could measure the temperature from 20°C to 50°C at a fre-
quency of 2.23 GHz [30]. A wearable microstrip patch antenna
was designed for measuring blood pressure using a rectangu-
lar etching technique on the antenna. The operating frequency
was 2.3-2.6 GHz with a gain of 4.09 dBi. The simulation re-
sults of SAR in 10 grams of arm tissue by HFSS at power
ranging from 50 to 1,000 mW showed values ranging 3.89 to
1.4917 x 10% W/kg, respectively [31]. A rectangular microstrip
antenna was fabricated on FR-4 and Rogers 5880 substrates
with a temperature self-compensation method for the structural
crack length, which used a vertical and horizontal etching tech-
nique on the ground plane. The experimental results demon-
strated that the resonant frequencies in the temperature at 20°C
were f1o at 1.71 GHz and fj; at 2.35 GHz with an identifica-
tion error of 0.2 mm within the temperature range of 0°C to
60°C [32].

According to the above research, the EBG-integrated mi-
crostrip antenna structure had advantages of increasing antenna
gain but disadvantages of complex structure [12—17] and large
size. In this study, the researchers focused on the structure of
antennas used in combination with circular EBG plates [9-11]
which had the advantage of being a basic structure. The mi-
crostrip antenna used in detecting metal for MMD [19] and
other material detection antennas were applied to research on
metal detection in giant river prawn [20-32]. The structural de-
sign of the microstrip antenna was circle-shaped, which com-
bined with EBG was circle-shaped and arranged in a flower-
shape. The simulation of the comparison of the properties of
the microstrip antenna combined with the EBG was in Section
2. The test results of the metal detection in giant river prawns
were in Section 3. A comparison of the properties of the EBG
combined antenna structure with previous research is shown in
Section 4. A summary of the research is shown in Section 5.

2. DESIGN AND MEASUREMENT OF MICROSTRIP
ANTENNA

2.1. Microstrip Antenna Design

The design of the antenna structure has been studied with unidi-
rectional pattern characteristics that had a simple structure and

easily available materials. In the first step, rectangular and cir-
cular microstrip antenna structures were selected that can cover
the entire dead river prawn body from head to tail within the
temperature range of 20-30°C to measure the response fre-
quency of the river prawns at 1.0-2.0 GHz. The microstrip
antenna structures of both designs were designed and fabri-
cated using copper sheets with a thickness (¢, t2) of 0.03 cm
and polyester mylar film as the substrate with a thickness of
(h1) = 0.05cm and a dielectric constant () of 3.2. This
polyester mylar film was used as an insulator between the radi-
ator plate and ground plane, using a resonance frequency (f;)
of 1.50 GHz, which was the middle frequency of the response
frequency range for the river prawn. The design of a rectangu-
lar microstrip antenna structure could be calculated as in Equa-
tions (1)—(5) [33-37].

c 2
Wy = 2fr‘/€7-+1 (D

L1

Cof = = ;r +(140.3h) )
0.22 x ¢

Ly = —— (3)
fr\/seff

Wy = 0.45\ 4)

Ly = 0.65) )

The structure of the circular microstrip antenna could be cal-
culated as in Equations (6)—(7) [33-37] with the radius of the
circular microstrip antenna (1) as given in Equation (6), where
F was the fringing factor for the resonance frequency (f,) and
the free space velocity of light. Calculate the radius of the
ground plane (r3) and the radius of the polyester mylar film
substrate (r3) as shown in Equation (7).

= £ . 8.791x10°
T ()] e A (6)
rg =13 = 0.35\ (7

Calculate the distance from the rectangular radiator plate to
the polyester mylar film substrate (a;) shown in Equation (8)
and the distance from the circular radiator plate to the polyester
mylar film substrate (as) shown in Equation (9).

a1 = 0.0125) (8)
as = 0.011\ 9)

After that, the calculated values were used to simulate the
antenna using the Computer Simulation Technology (CST) pro-
gram, by which the values obtained from the calculations were
adjusted slightly using experiential methods, as shown in Fig-
ures 1 and 2 to observe the reflection coefficient, and then both
shapes of microstrip antennas were fabricated. The results ob-
tained from the simulation were compared with measurements,
as shown in Figures 3 and 4, which found that both shapes of
microstrip antennas had a resonance frequency in the range of
1.47 to 1.59 GHz, which had the best coverage of wavelength
range for the measurement in river prawn meat and transform in
power transmission. The reflection coefficient was about —23
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FIGURE 1. Microstrip antenna structure of rectangular microstrip antenna.

TABLE 1. Comparison of simulation and measurement results for both shapes of microstrip antennas.

Result Antenna fr (GHz) BW (GHz)
. . Rectangular microstrip antenna 1.59 77.11% (0.98-2.21)
Simulation . . .
Circular microstrip antenna 1.58 72.55% (1.01-2.16)
Rectangular microstrip antenna 1.54 71.84% (0.99-2.10)
Measurement ) ) ;
Circular microstrip antenna 1.47 85.32% (0.84-2.09)
y . JE— y and 7. The test results found that both shapes of microstrip
lib, x N /// \\\ ZI;—-x antennas had a response to energy transmission covering the
Front View \ / \ Back View detection of metal in river prawns at the optimal distance (d)
Antenna | [ \ . . .
w L | equal to 6 cm, which had a metal moisture content reflection
Polyester \ \ / value at a size of 0.5 cm and in the frequency range of 1.40—
Mylar Film \ / \ y
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FIGURE 2. Microstrip antenna structure of circular microstrip antenna.

to —25dB, and the impedance bandwidth covered the operat-
ing frequency range of 1.0-2.0 GHz as desired. In tuning the
antenna, the technique of adjusting the distance between the
radiator plate and polyester mylar film substrate was also em-
ployed, resulting in a significantly wider impedance bandwidth,
as shown in Table 1.

Next, one additional rectangular microstrip antenna and
one additional circular microstrip antenna were fabricated, as
shown in Figure 1 and 2, to be used as the transmitting and
receiving antennas for testing metal detection in river prawns
measuring approximately 10-15cm. The ball metals used for
testing had a size of 0.5cm, using the Lite VNA V2 model
64 with a frequency range of 1.0-2.0 GHz and a transmitting
antenna power of —5 dBm.

River prawns were placed on the receiver antenna, with dis-
tances (d) between the transmitter and receiver antennas set at
5, 6,7, 8, and 9 cm, and the distance from 5 to 9 cm had the
greatest effect on the energy transform, as shown in Figures 5

1.60 GHz. In the frequency range from 1.40 to 1.60 GHz, it was
found that at a frequency of 1.50 GHz, the difference between
the river prawns with a circular metal and without a circular
metal was the most significant, measuring 0.81 and 1.37 dBm,
respectively, as shown in Figures 6 and 8. According to the test
results shown in Table 2, it could be clearly seen that the cir-
cular microstrip antenna provided a better response to energy
transmission than the rectangular one.

Based on the preliminary test results for detecting metals in
river prawn using the antenna in the first step, it was found
that the optimal frequency range for energy transmission re-
sponse was between 1.40 and 1.60 GHz, and the current den-
sity was red in the area of the radiator as shown in Figure 9(b).
Moreover, in order to elicit a response to the energy transmis-
sion, the position of the river prawns must be arranged so that
the metal parts were within the radius of the radiator plate,
which increases complexity and consumes more time. There-
fore, we need to design the antenna further to make it easier to
use in the next phase. The second step was to design a circu-
lar microstrip antenna structure with a resonance frequency of
1.50 GHz, which corresponds to the highest energy transmis-
sion response. This new antenna was designed and fabricated
based on the structure from Figure 9, simulated to achieve an
impedance bandwidth covering the frequency range of 1.40-
1.60 GHz according to the metal reflection value moisture con-
tent characteristics.
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FIGURE 3. Comparison of simulation result with measurement result in the frequency range of 1.0-2.0 GHz of rectangular microstrip antenna.
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FIGURE 5. Rectangular microstrip antenna of preparing measurement.

The results from the calculations and simulations, which
had been fine-tuned to achieve the optimal values, demon-
strated the sizes of various parameters as shown in Table 3.
Then, the second-step antenna was fabricated to measure the
impedance bandwidth, which was compared with the simula-
tion results. The resonance frequency was 1.50 GHz (1.43—
1.61 GHz), which tended to be similar between the simulation
and measurement results and covered the desired frequency
range, as shown in Figure 9(c).

After that, we took the antenna fabricated in the second step
to test for metal detection in river prawns at a frequency of
1.50 GHz with a transmission power of approximately —5 dBm
once again. It was found that the issue of arranging the river
prawns, which was quite complicated, could not be resolved. In
the third step, the researchers solved the problem by conduct-
ing additional research on the design of circular electromag-
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FIGURE 6. Rectangular microstrip antenna of energy transmission result.

TABLE 2. Comparison of detecting a 0.5 cm metal at a distance of 6 cm in river prawn using two shapes of microstrip antenna in the frequency range

of 1.40-1.60 GHz.

Microstrip Antenna | Frequency (GHz) | Rx without metal (dBm) | Rx with metal (dBm) | Difference (dBm)
Rectangular shape 1.40 —11.48 —12.25 0.77
1.45 —11.13 —11.87 0.74
1.50 —11.09 —11.90 0.81
1.55 —11.32 —12.05 0.73
1.60 —11.69 —12.49 0.80
1.40 —11.10 —12.26 1.16
1.45 —11.04 —12.35 1.31
Circular shape 1.50 —11.02 —12.39 1.37
1.55 —11.23 —12.37 1.14
1.60 —11.32 —12.34 1.02

FIGURE 7. Circular microstrip antenna of preparing measurement.

netic bandgap (EBG) plates [9]. The circular EBG plates were
placed around the radiator antenna as shown in Figure 10(a),
which served to block the radiation pattern around the radiator

patch and had current density red in the area of the radiator as
shown in Figure 10(b). The antenna designed for a bandwidth
of 1.50 GHz operated in the TM1; mode, which supported cir-
cular microstrip antennas and comprehensive measurement of
the curvy body of the river prawns. All circular EBG plates
had the same radius equal to 7,4, serving as a reflective surface
to support the TM, mode, which was perpendicular to the ra-
diator plate. The resonance frequency of the TM,,,,,.o mode,
such as ( f;)mno, the resonance frequency corresponding to any
TM,,,n0 mode, could be obtained from Equation (10) [10, 16].

_ 1 (X
(fr)mnO_ 271_\/#—5( r ) (10)

where 1 and € are the permeability and permittivity of the sur-
face, respectively, while r; is the radius of the circular plate of
the radiator plate X/,

When m and n are modes related to r1, X/ is the derivative
of the Bessel function, which helps maintain the appropriate
frequency ratio to cover the bandwidth of 1.50 GHz.
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FIGURE 8. Circular microstrip antenna of energy transmission result.
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FIGURE 9. Microstrip antenna in second step (a) circular microstrip antenna (b) current density and (c) refection coefficient result of antenna.

Based on the research studies [9—11], the design of circular were tuned from 0.4 cm, 0.6 cm, 0.8 cm, and 1 cm, with the op-
EBG plates should not exceed 0.5\ which would allow for op- timal value being (r4) = 0.8 cm, which could be obtained from
timal energy transmission. The radii of the EBG plates had a Equation (11) [36].
wavelength value of 0.02\ < r; < 0.05\. Therefore, the radii ry = 0.04) (11)
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FIGURE 10. The simulation of antenna (a) circular microstrip antenna with 9 EBG plates (b) current density and (c) reflection coefficient when tuning
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TABLE 3. Parameter of rectangular and circular microstrip antennas in the first step.

Parameter Description Size (cm)
Wh The width of rectangular microstrip antenna 2.112
Wy The width of polyester mylar film 7.958
L3 The length of rectangular microstrip antenna 1.709
Ly The length of polyester mylar film 5.509
71 The radius value of circular microstrip antenna 1.615
T2 The radius value of ground plane 5
T3 The radius value of polyester mylar film 5
a1 The gap between polyester mylar film and rectangular microstrip antenna 1.530
az The gap between polyester mylar film and circular microstrip antenna 1.346

t1 The thickness of circular microstrip antenna 0.03
to The thickness of ground planea 0.03
h1 The thickness of polyester mylar film 0.05

This step used the distance between the radiator plate and
EBG plates (g1 = 0.01)), and direct variation to the distance
between the EBG plates and EBG plates (go = 0.0075\), which
would allow for the placement of nine EBG plates around the
radiator plate, as shown in Figure 10(a), which had a bandwidth

of 5.26% (1.48-1.56 GHz) as shown in Figure 10(c). The an-
tenna gain from the wavelength of r4 adjustment was found to
be 5.08, 5.42, 5.55, and 5.34 dB4i, respectively, which could be
represented in a 3D radiation pattern as shown in Figure 11.
The antenna gain increased to a maximum of 5.55 dBi from the
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FIGURE 11. The simulation results of 3D radiation pattern (a) r4 = 0.4cm (b) 74 = 0.6cm (¢) 74 = 0.8 cm and (d) 74 = 1.0cm.

FIGURE 12. Proposed microstrip antenna of the prototype antenna.

FIGURE 13. Network analyzer model 8753ET.

TABLE 4. Comparison of simulation properties of circular microstrip antennas with EBG at 1.50 GHz.

Circular microstrip antenna | |S11| (dB) | VSWR | Gain (dBi) Zin ()
. . without EBG —20.96 1.21:1 3.98 48.11 + j21.75
Simulation .
with EBG —13.57 1.39:1 5.55 54.65 — 715.09

original 3.98 dBi, as clearly shown in Table 4, along with vari-
ous parameters from the tuning adjustments in Table 5.

2.2. Measurement of Antenna Properties

After designing the circular microstrip antenna structure with
nine circular EBG plates arranged in a planar antenna, it was
complete. Therefore, a prototype antenna was fabricated, and
its antenna properties were measured using the Network Ana-
lyzer model 8753ET, as shown in Figures 12 and 13, to measure
the reflection coefficient (|S11| < —10dB), voltage standing
wave ratio (VSWR), impedance (Z;,,), radiation pattern, and

antenna gain at a bandwidth of 1.50 GHz. The measurement
results were compared with the simulation one as shown in Fig-
ure 14 and demonstrated in Table 6, which found that the val-
ues were similar, and the radiation pattern was unidirectional
as shown in Figures 15 and 16.

3. EXPERIMENTAL FOR METAL DETECTION IN RIVER
PRAWNS

The antenna test for detecting metals used fresh river prawns,
which had sizes about 10—15 cm. The experiment was with ball
metals size 0.5 cm, 1.5 cm, and bullet metal size 3 cm, by insert-
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TABLE 5. Parameter of circular microstrip antennas with EBG.

Parameter Description Size (cm)
1 The radius value of circular microstrip antenna 1.615
T2 The radius value of ground system 5
T3 The radius value of polyester mylar film base 5
T4 The radius value of EBG 0.8
g1 The distance between the antenna and the EBG plate 0.2
go The distance between EBG and EBG 0.15
t1 The thickness of circular microstrip antenna 0.03
to The thickness of ground system 0.03
ts The thickness of EBG 0.03
h1 The thickness of polyester mylar film 0.05
d The value of the distance between the transmitting and receiving antenna 6

TABLE 6. Simulation and measurement results comparison of circular microstrip antennas with EBG.

Circular microstrip antenna | |S11| (dB) | VSWR | Gain (dBi) Zin ()
. . without EBG —20.96 1.21:1 3.98 48.11 + 521.75
Simulation .
with EBG —13.57 1.39:1 5.55 54.65 — j15.09
without EBG —18.96 1.30:1 3.61 52.57 — j6.80
Measurement . i
with EBG —11.49 1.42:1 5.19 59.04 — j23.21
TABLE 7. Efficiency comparison at temperatures ranging from 0-30°C.
Temperature (°C) | Input Power (mW) | Metal (cm) | Size of river prawns (cm) | Distance of Tx/Rx (cm) | Average Efficiency (%)
04 0.1 0.5 10-15 6 31.04
04 0.1 1.5 10-15 6 41.32
04 0.1 3.0 10-15 6 4221
5-10 0.1 0.5 10-15 6 55.56
5-10 0.1 1.5 10-15 6 58.09
5-10 0.1 3.0 10-15 6 61.48
20-30 0.1 0.5 10-15 6 88.12
20-30 0.1 1.5 10-15 6 93.38
20-30 0.1 3.0 10-15 6 98.60
TABLE 8. The characteristic comparison of the researches.
Reference Frequency Antenna and EB_G Material Size Gaifl Applications
(GHz) EBG shape (Unit) (cm) (dBi)
[9] 20 Circular 8 Arlon 1.8 x 0.076 41.04 -
[10] 245,52 Circular 4 Copper 7.6 x 0.157 9.55,6.93 WLAN
[11] 2-10 Circular, Ring 4 Copper 3 x3x0.16 2.2-10.02 UWB
[12] 10 Rectangular, Circular 14x18 Copper 6 x 6.3 x 0.152 10.3 Wireless
[13] 4.09-4.52 L, Elliptical 2x3 Copper 2x2x0.15 3 Radio system
[14] 52 Octagon, Ring 3x3 Copper 7x7x0.16 8.95 WiMAX
[15] 4.53-5.25,5.09-5.21 Circular, Circular 9 Copper 5.6 X 5.6 x 0.152 4.8 MIMO
[16] 7.5,17 Circular, Crowns 10 Copper 1x1x0.16 0.8,2.21 Wireless
[17] 2.37-2.39 Rectangular, Circular | 25 X 2 Copper | 4.67 x 5.27 x 0.078 - MBAN
Proposed 1.5 Circular, Circular 9 Copper 10 x 0.38 5.19 Detection
Antenna
10 WWW.jpier.org




Progress In Electromagnetics Research B, Vol. 112, 1-14, 2025

rPIER B

10
5
0
J_]_
A\ ~
5 - -
_ N
3 . I/
= 10 oy
-15 \
220 / — Simulation Antenna without EBG
— - - Simulation Antenna with EBG
-25 — N easurement Antenna without EBG ||
— — Measurement Antenna with EBG
-30
0.5 1.0 1.5 2.0 2.5 3.0
Frequency (GHz)
FIGURE 14. The |S11| (dB) comparison of simulation results and measurement results.
e Simulation E-Co - Simulation H-Co
0 T Measurement E-Co e "= Measurement H-Co
0dB 0
30° 30°
-10 dB
60° 204 \ 60° 60"
\ -304B ;
90° \ 1 90° 90°
\ / ’

120°

150°

180°

FIGURE 15. Comparison of simulation and measurement results of F-
plane radiation patterns at 1.50 GHz.

ing the metals in the head and back sections of the river prawns.
The power transmitter used the Lite VNA V2 model 64 [38—
41] to transmit power to approximately —5 dBm, as shown in
Figure 17. Microwave resonance frequency testing of a circu-
lar microstrip antenna with an EBG plate had a radius of 5 cm
and a distance of 6 cm between the transmitting and receiving
antennas, with 10 repetitions per experiment. The river prawns
were used at temperatures ranging from 0 to 30°C. It was found
that the optimal temperature for measuring the maximum aver-
age efficiency of energy transfer response was 98.60% in the
range of 20 to 30°C, as shown in Table 7. Furthermore, mea-
suring the response to energy transmission for detecting metals
sized 0.5-3 cm, when river prawns were placed in various dif-
ferent positions, it was found that antennas can accurately de-
tect metals, and the received energy values range from —12.38
to —18.84 dBm, respectively, as shown in Figure 18.

11

120°

180°

FIGURE 16. Comparison of simulation and measurement results of H-
plane radiation patterns at 1.50 GHz.

4. COMPARATIVE ANALYSIS

From the study and design of microstrip antenna structures with
EBG plates, various antenna shapes were explored, such as
circular shapes [9-11, 15, 16], rectangular shapes [12,17], L-
shape [13], and octagonal shapes [14]. Antennas had the advan-
tage of being a simple basic shape, used in the frequency range
of 2-20 GHz, resulting in varying sizes [9—17]. EBG plates
were combined with antennas from 4 to 252 units [9—17], in-
creasing the antenna gain in the range of 0.8-10.3 dBi [9-16].
In all the aforementioned researches, the focus was on applying
it to wireless communication in various frequency bands [9—
17]. The proposed antenna used a simple circular structure,
with both radiator plate and nine EBG plates, which were cho-
sen for the use at a frequency of 1.50 GHz with a high gain
of 5.19 dBi, and was designed for focusing on metal detection
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FIGURE 17. The experiment for metal detection in river prawns.
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FIGURE 18. Metal detector results in river prawns.

applications. The comparison of the researches was shown in
Table 8.

5. CONCLUSION

This research has designed and fabricated a circular microstrip
antenna using copper sheets and a polyester mylar film sheet
as the substrate between the radiator patch and the ground
plane. This antenna is used in the operating frequency range
of 1.50 GHz (1.48-1.56 GHz) with a gain of 3.61 dBi to be ap-
plied in detecting metals in river prawns. Preliminary test re-
sults found that improper positioning of the river prawns would
prevent metal detection, causing difficulties in its application.
Therefore, nine circular EBG plates were added around the ra-
diator patch to block the radiation pattern around the radiator
patch of the transmitting and receiving antennas, resulting in
an increase in gain to 5.19 dBi, approximately 43.76% higher.
The advantage of the EBG sheet is that it does not affect the
radiation pattern changes of the antenna and has a simple de-

12

sign structure. Metal detection at a frequency of 1.50 GHz will
use a distance of 6 cm between the transmitting and receiving
antennas, with 10 repetitions per experiment. The river prawns
used for testing had a temperature of approximately 20-30°C,
which provided an average detection efficiency up to 98.6%.
The antenna could detect metals with a radius and length rang-
ing from 0.5 to 3 cm, with an average energy value of —12.38
to —18.84 mW. The proposed antenna can detect metals in river
prawns from all sides of the arrangement with the antenna struc-
ture. Additionally, it can detect metals in river prawns at any
position whether on the head or back of the river prawns, with
F5 Now Co., Ltd. (Nakhon Ratchasima, Thailand) support-
ing research funding. Based on the results of this research, it
can be applied to aquatic animals that are economically signif-
icant in Thailand and imported from abroad, such as lobsters,
crabs, fish, eels, and squid, among others. This design signif-
icantly improves energy transmission efficiency and detection
sensitivity while maintaining a compact structure. The gain en-
hancement of 43.76% (up to 5.19 dBi) demonstrates its effec-
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tiveness over existing solutions. The proposed antenna struc-
ture with EBG integration is used for food safety applications
and its practical impact, balancing novelty, performance, and
real-world application.
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