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Tsunami radar is one of the detection tools used in the tsunami early warning system. The most
commonly used is high-frequency radar with a long-range but high power and low resolution.
However, in order to improve the reliability of the tsunami warning system in detecting signs
of a tsunami and monitoring with a high speed of updating information, a radar system with a
high resolution is needed. High resolution can only be obtained by a radar that has a large
bandwidth in the radio spectrum. Increasing the bandwidth can be done by increasing radar
operating frequency. An antenna is one of the essential components that can determine the
performance of the radar system. Therefore, in this study, an antenna was designed at Super
High Frequency to be applied to a radar system. The designed antenna is a microstrip antenna
with a rectangular patch using array method. The desired specifications at a frequency of 5.8
GHz are return loss <-10 dB, VSWR <2, bandwidth >150 Mhz, beamwidth >20°. After the
simulated design met the specifications, the fabrication and measurements were later carried
out. The measurement results show a frequency shift to 5,71 GHz with a return loss of -21,346,
VSWR of 1,186, bandwidth of 200 MHz, a beamwidth of 40° and gain 11.65 dB. Thus, the
proposed antenna, the 8-rectangular patch microstrip array antenna, can be applied in tsunami
radar systems.

INTRODUCTION

A tsunami is a series of giant ocean waves caused by an
earthquake, submarine, landslide, volcanic eruption under the
sea, meteorite impact, or combination [1]. Indonesia is one of the
countries prone to this natural disaster. There were 106 tsunamis
between 1900 and 1999 and 28 tsunamis between 2000 and 2018
[2]. Based on the casualties, there were seven tsunamis in
Indonesia that resulted in more than 1000 fatalities, including the
one in Aceh in 2004 with 227,898 fatalities, the Banten tsunami
in 1883 with 36,000 fatalities, the Flores tsunami in 1992 with
2,500 fatalities, and the Banda Islands tsunami in 1883 with 2,460
victims people, the Banda Islands tsunami in 1664 with 2,243
fatalities, the Palu-Sigi-Donggala tsunami in 2018 with 2,037
fatalities, and the Bali Island tsunami in 1815 with 1,200
fatalities. [2] When and where a tsunami takes place is still
unpredictable. Thus, the development of technology for tsunami
detection continues to be developed. The development of tsunami
technology includes measuring current velocity, pressure, surface
differences, satellites and radar.

Radar, an acronym for radio detection and ranging, detects
objects of interest by transmitting radio signals in known

directions from a narrow-beam antenna or scanner which scans

https://doi.org/10.25077/jnte.v11n2.1020.2022

the horizon, then timing the instants of reception of returned
echoes from these 'targets”[3]. Radar detect objects by firing
pulses or waves, and the radar antenna will transmit a signal. If
the signal is blocked by an object, the signal will be reflected back
to the receiver radar. The signal received by the radar receiving
antenna will be processed by the radar system to get information
regarding the obstacle object.

The pulse radar at high frequency (HF) is a widely used tsunami
radar today due to its long range, up to 200 km. However, the
weakness is that it uses a large amount of power and a low
resolution[4]. The ability to recognize signs of a tsunami from a
long distance is needed to get sufficient time to give a warning.
An HF tsunami radar capable of observing surface sea current
velocity at a distance of 50 to 200km will be able to provide a
warning time of 30 minutes to 2 hours [S]. The use of HF radar
technology is always a trade-off between accuracy in measuring
surface sea current velocity and coverage, which simultaneously
depends on the working frequency, transmit power, antenna gain,
water salinity and sea conditions [S]. Some of the requirements
needed for marine radar in providing information to improve the
reliability of a tsunami warning system are: the spatial and
temporal resolution of tsunami mapping must be sufficiently high
so that it is able to detect signs of a tsunami and the rapid changes
in the surface sea current, areas that are potentially affected by a
tsunami must be monitored in a fast acquisition mode with a high
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speed of updating surface sea current information every 30
seconds [5].

In order to obtain radar resolution and monitoring capability with
high information update speed, a large bandwidth is required.
Increasing the bandwidth can be done by increasing the working
frequency of the radar. Expanding the working frequency of
tsunami radar from HF to UHF has been conducted in research
[6][7]. Research on radar working at the SHF frequency has also
been carried out to obtain high resolution, for example, coastal
surveillance radar (CSR) [8]. The frequencies commonly used in
radar systems are S band (2-4 GHz), C band (4-8 GHz), X band
(8-12 GHz) and Ku band (12-18 GHz) [9]

An antenna is one of the essential devices that will determine the
performance of the radar system. if analogous to the human body,
the antenna systems as an eye which is very vital [10] . Due to the
high price of imported of a radar set, Indonesia is required to
develop radar. Tsunami radar generally uses a yagi type of
antenna. NJRC HF radar works at a frequency of 24.5 MHz, full
bandwidth of 100 Khz, a resolution of 1.5 km, the beamwidth of
+ 45° with the transmitter using 3 yagi elements and the receiver
using 9 yagi elements [5]. The Rumena radar uses 8 receiving
antenna elements, a frequency of 24.5 Mhz, a full bandwidth of
500 Khz, a resolution of about 300 m and beamforming up to +
43°[5]. This research focuses on microstrip antennas to support
the development of tsunami radar technology at the SHF
frequency. This type of antenna has many advantages over other
microwave antennas, including small dimensions, lightweight,
relatively inexpensive and often used for antenna applications
covering a wide frequency range from 100 MHz to 100 GHz [11].
They can be designed in a variety of shapes in order to obtain
enhanced gain and bandwidth. Microstrip Patch Antenna
implementations is a mile stone in wireless communication
system designs [12]. Most HF radars have a bandwidth of 50 kHz
to 150 kHz with a resolution (pixel length) of 3 to 1 km [13]. In
this study, a microstrip array antenna was designed for tsunami
radar by increasing the working frequency at 5.8 GHz to get a
minimum bandwidth of 150 Mhz to be able to provide 1 m
resolution and beamwidth that meets the needs of tsunami radar.

METHOD

The spatial resolution of HF radars in the radial dimension
depends on the bandwidth of the radar in the radio spectrum, The
required bandwidth (Af) can be calculated using equation 1, [10]

Cc

Af = )

The antenna in this study is a microstrip array antenna with FR-4
material at a frequency of 5.8 GHz, voltage standing wave ratio
(VSWR) 2, bandwidth > 150 Mhz, beamwidth > 20°. The FR4
material was used due to its ability to operate at a frequency of 2-
10 GHz [14]; besides that, it is cheap and easy to obtain. There
are also specifications for the substrate, namely the relative
dielectric constant (er ) 4.4, the dielectric loss tangent (tan 8 ) 0.02
and the thickness of the material (h) 1.6 mm. Some formulas are
used to obtain the initial design based on these specifications. A
simulation was later carried out using an electromagnetic field
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simulator to get the optimal design. Furthermore, the fabrication
and measurements of the manufactured antennas are carried out.
All stages of the microstrip array antenna design can be seen in

Figure 1
STAR
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Figure 1. Microstrip Antenna Design Flow Diagram

The patch width dimension (Wp) of the antenna at a frequency of

5.8 GHz can be calculated using Equation 2 [15][16].
c

W=——— )
2f, (Er2+1)
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Determining the patch length (L) requires AL, which is the

increase in length L due to fringing effects. The increase in length

L ( AL) can be calculated using Equation 3 [15][17]
€refr+0.3)(+0.264

AL = 0.412h | G 0Gr0264) . ) 3)
(Ererr—0258)(;+0.8)

E: ciris the effective dielectric constant, which can be calculated
using equation 4 [15][17][18]

€repr= S+ | — 0
S 2 /1+12%
The patch length (L) can be obtained by using equation 5
[15][17]
L= Lesr — 2AL 5)
while Lefr is an effective patch length as in equation 6 [17].
- ©)

bett = oo fererr

Ground dimension is also needed to be determined. The width
and the length of the ground are calculated using equation 7 and
equation 8, respectively.

W, = 6h + W, ™
Ly =6h+ L, 8)
All the result from the calculation above is presented as follow
Erefr= 3,84, AL = 0,309 mm, L,sf = 13,19mm, L =12,57
mm, W= 25,33 mm, and Lg = 22,17 mm.

The next step is to determine the dimensions of the feed line that
will be used in the initial design. The width of the feed line (Wf)
at the input impedance of 50 was calculated using equation 9
[15][19]

W, :%{B—l—ln(ZB— 1)+Z%[1n(13— 1)+0.39°'€i1]} ©)
where the value of B can be calculated using equation 10 [12].

_ 60 2 eom® _
B =3 == o = 564 (10)
W, = @{5.64 —1-InQ2G.64) ~ 1) + % [ln(5.64 ~1)+039 %]} =3.06 mm

Based on the calculation results, the width of the feed line (Wf)
is 3.06 mm.

After all dimension values were obtained using mathematical
calculations, the design of a single rectangular patch antenna with

a frequency of 5.8 GHz can be seen in Figure 2.
Sa 23 mm

1573 om

2217 mm

-0& rmmy

Figure 2. The Initial design of the rectangular patch antenna

This study employs a line impedance of 50 with 2 arrays (n =2).
Thus, to find the impedance matching on the 50 line impedance
with 2 arrays, Equation 11 was used.

Z=50/n=70.71Q (11)

https://doi.org/10.25077/jnte.v11n2.1020.2022

After the calculation, the impedance values to be used are 50 and
70.71 ohms. The width of the feed line can be calculated using
equations 8 and equation 9, hence that the width of the feed line
is 3.06 mm for the 50 impedance and 1.06 mm for the 70.71
impedance. The design of the T-Junction can be seen in figure 3.

30 Oha o 5
’4 p 70710m ¢ 0w >
30 Ot

Figure 3. T-Junction

In designing the microstrip antenna with the array method, it is
necessary to pay attention to the distance between the patch
elements. The distance between patch elements (d) can be
calculated using Equation 12 [19]

d=— (12)

" 2fo

The distance between the patch elements obtained is 25.86 mm.

RESULTS AND DISCUSSION

Antenna Design And Simulation

The microstrip antenna is designed for the SHF frequency
tsunami radar. The antenna is expected to have a large bandwidth
to be able to provide high resolution in the radar system. High
bandwidth and resolution can provide more precise and faster
information and data updates. Because the tsunami radar detects
the movement of the water surface, an antenna with a reasonably
wide beamwidth was used, which is greater than 10° [20]. Some
tsunami radars at HF frequencies, such as the Rumena radar, have
a beamwidth of + 43° radar, and the NJRC HF radar has a
beamwidth of + 45° [5].

» Single antenna

This research began with designing a single antenna using the
provided formulas to get the initial dimensions. Furthermore,
simulations were carried out using an electromagnetic simulator
to obtain optimal antenna dimensions to meet the requirements
for return loss < -10 dB, VSWR < 2 at a frequency of 5.8 GHz.
The design of the single antenna in the simulator can be seen in
Figure 4

25.33 mm
2465 1mm
E =1
E o
8 L]
< 2
|

Figure 4. The single microstrip antenna
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The simulation results on a single microstrip rectangular antenna
show the return loss of -34.46 dB with a bandwidth of 216 MHz,
impedance of 48.42 ohms and VSWR of 1.039. For more details
about the simulation results, the return loss graph can be seen in
Figure 5, the Smith chart of antenna impedance can be seen in
Figure 6, and the VSWR graph can be seen in Figure 7.

5o et

48 5 52 ] 5 58 3 62 8 ah 8
Frecueey | Gz

Figure 5. The return loss of single antenna microstrip

Figure 6. The impedance of single antenna microstrip

Vi S Wam Rt VSUR

Figure 7. VSWR of single antenna microstrip

The simulated radiation pattern of the antenna is omnidirectional,
with an HPBW value of 179°and a gain of 3.51 dBi. The radiation
pattern of a single antenna can be seen in Figure 8.

Farfikd Drectvty Abs (Phi=00)
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Anguer wickh (3 6B) = 179.0 deg.
Sdebbefevel = -L6dA

Theta / Degree vs. 8l

Figure 8. Radiation Pattern of single antenna microstrip

»  Array Antenna
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However, the gain of the single antenna is still not as expected,
and the beamwidth is too wide. So, it is not suitable for radar
applications. Antenna array is a configuration of multiple
antennas (elements) arranged to achieve a given radiation
pattern[3]. Linear Antenna arrays are used commonly in
satellite,mobile and radar communications systems to have
improved performance in terms of directivity, signal-to-noise
ratio (SNR), spectrum efficiency, etc[21]. There are several ways
to increase the antenna gain, one of which is by adding the 2nd
antenna element. The next designed antenna is to add a number
of antennas (microstrip array). The microstrip array antenna using
8 patches is designed and optimized by the simulator can be seen
in Figure 9.
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18.56 mm

18.56 mm

Towmzree
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Figure 9. The microstrip rectangular patch Array antenna

The simulation result shows that the 8-patch microstrip array
antenna has a return loss value of -44.44 dB, a bandwidth of 303
MHz, an impedance of 50.52 ohms, and VSWR of 1,012. For
more details, the return loss graph can be seen in Figure 10, the
antenna impedance in Figure 11 and the VSWR graph can be seen
in Figure 12

Figure 10. Simulation Results for Return loss
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S-Parameters [Impedance View]

Figure 11. Smith chart impedance array antenna

Vakage Standing Wave Fato (VSR

Figure 12. Simulation Results for VSWR of array antenna

The 8-patch antenna array has a directional radiation pattern with
a gain of 9.42 dBi and an HPBW of 27.2°. The radiation pattern
of the array antenna can be seen in Figure 13. The comparison
between a single antenna and an 8-patch array can be seen in
Table 1.

Fared Gan Abs (Pi=t)

. y Frequency = 5.8 Giz
150 “\\_“_//210 Man lobe magntude = 9.42 dBi
180 Man obe drection = 0.0 deg
Anguiar wackh (368) = 27.2 deg.
Theta / Degree vs. dBi Sde bbe level = -14.2d8
Figure 13. Simulation results for radiation pattern of array

antenna

Table 1. Simulation results for single dan array antenna

Parameter Microstrip Antenna
Single Array 8 Patch
Return Loss (dB) -34,46 -44.,44
VSWR 1,039 1,012
Impedansi (ohm) 48,42 50,52
Gain (dB) 3,51 9,42
HPBW (°) 179 27,2
Bandwidth (MHz) 216 303

https://doi.org/10.25077/jnte.v11n2.1020.2022

Based on Table 1, it can be seen that there is an improvement in
the output quality of the antenna array compared to a single
antenna. By using an 8-patch array, there was an improvement of
9.98 dB in return loss, a decrease in the value of VSWR by 0.027,
and the antenna impedance increased to 50.52 ohms, approaching
the reference impedance of 50 ohms. Hence, the designed antenna
is said to be matching because the back wave is relatively very
small. The gain is increased from 3.15 dBi to 9.42 dBi or an
increase of 6.27 dBi. The antenna radiation is changed from
omnidirectional to directional with HPBW changed from 179° to
27°. Since the simulation results show that the designed antenna's
parameter values have met the desired specifications, the next
process is manufacturing and measuring.

Realization And Measurement

The image of antenna fabrication results can be seen in figure 14.
The fabricated antenna was tested by the ES063A Network
Analyzer, measuring the value of return loss, impedance and
VSWR. The measurement results of the return loss, the
impedance, and the VSWR can be seen in Figure 15, Figure 16
and Figure 17, respectively.

Figure 14. The image of fabricated antenna

£50634 Network Anaiyzar]
1 Active Ch/Trace 2 Resporse 3 Stimulus 4 Mkr/Analyssc 5 Inchs State

figure 15. The measurement result of Return Loss
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- PN
1 Center 5.835 GHz TV 70 Kz

Figure 16. The measurement result of the Imgedance

£50634 Network Analyzer

S
1 Center 5.525 GHz BV 70 KHE

Figure 17. The measurement result of the VSWR

Based on the measurement results in Figures 14, 15 and 16, it can
be seen that there is a frequency shift in the fabricated antenna. If
the simulation uses a frequency of 5.8 GHz, but on the
manufactured antenna, the smallest return loss value is obtained,
the impedance is close to 50 ohms, and the lowest VSWR is at a
frequency of 5.71 GHz. Therefore, it can be said that there is a
frequency shift of 0.09 GHz. If the simulation shows the lowest
return loss of -44.44 dB at 5.8 GHz, while the measurement
results are -21.346 dB at 5.71 GHz, the return loss value increases
by 23.094 dB. However, the return loss value obtained from the
measurement results still meets the antenna design standards. The
impedance value of the measurement results also experienced a
shift compared to the simulation results. The simulated antenna
has an impedance difference of 0.52 ohms to the 50-ohm
reference, while the fabricated one has a difference of 1.327
ohms. Therefore, the VSWR value on the antenna fabrication
becomes 1.186 or an increase of 0.174 compared to the simulation
results. Based on the explanation above, the return loss,
impedance and VSWR values still meet the standard parameters
in antenna design. While the frequency shift to 5.71 GHz can still
be used for radar applications.

Based on the measurements, the radiation pattern of the fabricated
antenna is obtained, as shown in Figure 18, with an azimuth
beamwidth of 40°. The beamwidth meets the needs of tsunami
radar. Also, the bandwidth of 200 Mhz will provide a resolution
of 0.75 m on the radar system and gain of antenna is 11.65 dB.
Therefore, the proposed antenna can be applied to support
tsunami radar at the SHF frequency.
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Figure 18. Measurement Radiation Pattern
CONCLUSIONS

This study proposed the 8-rectangular patch microstrip array
antenna for the tsunami radar system. The antenna was designed
with an operating frequency of 5.8 GHz with return loss <-10 dB,
VSWR < 2, bandwidth > 150 Mhz, beamwidth > 20°. After the
simulation design meets the desired specifications, then
fabrication and measurements are carried out. The measurement
results obtained a frequency shift to 5.71 GHz with a return loss
of -21,346, VSWR of 1.186, bandwidth of 200 Mhz, beamwidth
of 40° and gain 11.65dB- Based on these results, the designed
antenna can be applied in radar antenna applications.
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NOMENCLATURE

Ar : Spatial resolution

fo : The resonance frequency (this study used 5.8Ghz)
€, : The relative dielectric constant
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