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Abstract — One of the aviation navigation tools is the Instrument Landing System (ILS), which functions to provide guidance
signals to aircraft in the final approach position toward the runway. The ILS consists of three components: the Localizer,
Glide Path, and Marker Beacon. To ensure aviation safety and security, navigation equipment must be regularly inspected
through Ground Inspection. With current technological advancements, Ground Inspection is being conducted using UAVs or
drones. One of the components to be installed on the UAV is the PIR, which requires two antennas of different lengths to
receive signals from the Localizer and Glide Path. In this study, a dual-band antenna was developed that combines a dipole
antenna and a meander line microstrip antenna for frequencies 108-112 MHz and 328.6-335.4 MHz, using CST Studio
Suite 2021 software and FR-4 substrate material. Simulation results showed good performance with a return loss value
of —19.43471 dB, VSWR of 1.238951, and a bandwidth of 2 MHz at a frequency of 110.5 MHz, and a return loss value of
—27.41626 dB, VSWR of 1.119686, and a bandwidth of 2.5 MHz at a frequency of 329.6 MHz. Measurement parameter
values for the VHF band were a return loss of —14.1680 dB, VSWR of 1.487, and a bandwidth of 14.6 MHz. Meanwhile, for
the UHF band, there was a shift in the resonance frequency to 368.5 MHz with a return loss value of —15.4202 dB, VSWR
of 1.408, and a bandwidth of 11.4 MHz. In this antenna design, a dual-band combination of a dipole and a meander line
microstrip antenna with dimensions of 320 mm was achieved, capable of operating in both the VHF and UHF frequency

bands simultaneously. However, this antenna can only operate at the Localizer working frequency.

Keywords — Dual-Band Antenna; Meander Line; Dipole Antenna; PIR Equipment; Ground Inspection.

I. INTRODUCTION

VIATION is not just about airplanes flying in the
sky. Behind it lies a complex and integrated sys-
tem consisting of various elements such as airspace, air-
craft, airports, air transport, flight navigation, safety and
security, the environment, as well as supporting facili-
ties and other public services [1]. Aviation is one of the
transportation modes that offers high speed and safety.
As the demand for air travel increases, safety guaran-
tees must also be continually enhanced [2]. Therefore,
high-quality and optimal aviation safety equipment is
necessary to support fast, safe, and comfortable air
travel.
The main obstacle in aircraft landing is adverse
weather conditions such as fog, dew, and rain [3]. These
conditions make it difficult for airplanes to land accu-
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rately. Therefore, aviation navigation equipment is
needed to support flight safety [4]. Flight navigation is
an essential aspect of aviation that ensures the safety
and smooth operation of air travel. By mastering the
art and science of navigation, pilots can deliver their
passengers and cargo to their destinations safely and on
time [5]. Flight navigation is crucial to ensuring that
aircraft can fly safely to their destination. It acts as a
guide and direction for pilots with the goal of ensur-
ing safety at every stage of flight, from takeoff, during
the journey in the air, until landing at the destination
airport.

One of the aviation navigation systems is the In-
strument Landing System (ILS). The ILS is a flight
navigation tool that provides guiding signals to aircraft
during the final approach to the runway. The ILS is
an infrastructure that supports airport operations, en-
suring that aircraft can land safely and comfortably,
especially under low-visibility conditions caused by
fog or rain [6]. The ILS has three components: the Lo-
calizer, Glide Path, and Marker Beacon. The Localizer
operates in the VHF frequency band between 108 MHz
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— 112 MHz to guide the aircraft to the runway center-
line. The Glide Path operates in the UHF frequency
band between 328.6 MHz — 335.4 MHz to guide the
landing angle at 3 degrees. The Marker Beacon oper-
ates on a single frequency of 75 MHz, which is used to
determine the distance from the threshold [7].

To ensure aviation safety and security, the per-
formance of aviation navigation equipment must be
inspected regularly from the ground (Ground Inspec-
tion) [8]. The purpose of this activity is to assess the
signal emission parameters of the Localizer and Glide
Path equipment, including DDM, SDM, RF Level, and
Different Level values. This activity requires the use
of a Portable ILS/DVOR Receiver (PIR) to measure
the signal emission parameters of the Localizer and
Glide Path. The Ground Inspection of the Localizer
can be performed by measuring the signal emission
parameters at pre-determined horizontal points. How-
ever, there are challenges in checking the Glide Path
signal parameters due to its vertical emission, which
needs to be measured using poles typically no higher
than about 25 meters from the ground, making manual
Ground Inspection impossible. Therefore, with cur-
rent technological advancements, Ground Inspection
using Unmanned Aerial Vehicles (UAVs) or drones is
proposed.

The use of Unmanned Aerial Vehicles or drones
for Ground Inspection will simplify the process and
address previous issues [9]. The results of this activity
can be immediately obtained through a laptop display
showing real-time parameter data, allowing for imme-
diate evaluation to determine whether the standards
have been met. The construction of UAVs or drones is
divided into several parts, such as the Drone GPS An-
tenna, RTK Data Link, PIR, camera, and data display
software. One of the components of the UAV is the PIR,
which requires two antennas of different lengths to re-
ceive signals from the Localizer and Glide Path. This is
due to the different operating frequencies between the
Localizer and Glide Path equipment, necessitating the
use of antennas that match their respective frequency
bands [10]. Therefore, an antenna with dual-band fre-
quencies, namely Very High Frequency (VHF) and Ul-
tra High Frequency (UHF), is needed to receive signals
from both the Localizer and Glide Path simultaneously.
Additionally, a small antenna design is required to be
used and mounted on the drone [11].

As the foundation for this research, the antenna
design in this study uses several methods previously
researched by other researchers, which are needed to
design a combination of microstrip and dipole dual-
band frequency antennas. The study conducted by Juan
Ronaldo Sianipar et al. [12] resulted in a microstrip

meander line antenna operating at a central frequency
of 329.6 MHz with a VSWR of 1.23, return loss of
-19.65 dB, bandwidth of 7.3 MHz, and dimensions of
150 mm x 50 mm. In another study by E. Yovita et
al. [13], a Dual Band Rectangular Patch Microstrip An-
tenna with Slots was designed, operating at frequencies
of 2.6 GHz and 5 GHz. For the 2.6 GHz frequency,
the antenna achieved a VSWR of 1.092, return loss of
-27.1 dB, and a bandwidth of 38 MHz, while for the
5 GHz frequency, the antenna achieved a VSWR of
1.411, return loss of -15.3 dB, and a bandwidth of 124
MHz. Another study by A. Muhammad Nashrullah
et al. [14] designed a microstrip meander line antenna
operating at 924 MHz with a VSWR of 1.363, return
loss of -16.262 dB, and a bandwidth of 21.659 MHz.
Further research by M. Arpaio et al. [15] designed a
dual-band antenna for ADSB applications with a fre-
quency range of 1.030-1.090 GHz and 5G communica-
tions with a frequency range of 3.4-3.8 GHz using two
substrate materials, aluminum and FR-4. Another study
conducted by Muhamad Adimukti Prasojo et al. [16]
investigated the influence of changes in ground plane
dimensions and line length on a 332 MHz meander line
microstrip antenna. The results indicate that variations
in ground plane dimensions and patch line length on the
meander line microstrip antenna affect the antenna’s
performance.

Based on these studies, the researchers designed
an antenna combining a dipole antenna and a dual-band
microstrip meander line antenna for operating frequen-
cies of 108-112 MHz and 328.6-335.4 MHz. This
design is expected to produce an antenna with dual-
band frequencies that can be used by both ILS devices,
namely the Localizer and Glide Path, simultaneously.
Additionally, this design is expected to create a mini-
malistic antenna to facilitate its operation. The authors
aim for the design parameters to achieve a return loss
of < —10dB and a VSWR of < 2.

II. RESEARCH METHODS

The ADDIE method was chosen for this research be-
cause it offers systematic stages in its workflow. This
method uses a scientific approach to gather data for spe-
cific purposes and objectives [17]. The ADDIE method
consists of five stages:

1. Analysis. In this stage, the researcher conducts a
literature review to identify key parameters that will
serve as references for the antenna design being
developed.

2. Design. At this stage, the shape and dimensions of
the antenna are designed using CST Studio Suite
2021 software. After the design process, simula-
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tions are conducted to evaluate the performance of
the designed antenna.

3. Development. Following the simulation, the next
step is to fabricate the designed antenna. The re-
sults from this process undergo parameter testing to
assess the antenna’s physical performance.

4. Implementation. During this stage, the parameters
of the fabricated antenna are measured and com-
pared with the simulation results to assess its ability
to receive signals from the Localizer and Glide Path.

5. Evaluation. Finally, the researcher evaluates the
measurement results to determine whether the pa-
rameters meet the planned specifications.

A structured and systematic approach is required
when designing the antenna to ensure an efficient re-
search process in terms of production costs and design
time. The flowchart of the antenna design process is

shown in Figure 1.

Determine
Antenna

Calculate
Antenna

Design Antenna
via CST Studio

Antenna
Fabrication
Process

Measure
Antcnna

= Qe

Figure 1: Flowchart of Antenna Design

The following is the antenna system design used
for PIR reception, shown in Figure 2.
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Below are the substrate parameters used in the de-
sign of the microstrip meander line and dipole antenna
combination, as shown in Table 1.

To operate at frequencies of 108-112 MHz and
328.6 — 335.4 MHz, the antenna design must meet the
desired performance characteristics. The specifications
are outlined in Table 2.

Table 1: Substrate Specifications

Substrate Type FR-4 Epoxy
Dielectric Constant 4.4
Substrate Thickness 1.6 mm
Patch Thickness 0.0035 mm

Table 2: Antenna Specifications

Parameter Value

Operating Frequency 108-112 MHz & 328.6-335.4 MHz
Central Frequency 110.5 MHz & 329.6 MHz
Terminal Impedance 50 Q (coaxial connector SMA)
VSWR <2

Return Loss < —10dB

ITII. RESULTS AND DISCUSSION

In this design, a combination of dipole and microstrip
meander line dual-band antennas is used to operate at
110.5 MHz and 329.6 MHz, with the goal of reduc-
ing the antenna size for low frequencies. The design
specifications of the antenna are as follows:

1. Dipole Antenna

(a) Material: Copper

(b) Method: Folded-end dipole
2. Microstrip Antenna

(a) Substrate Material: FR-4 Epoxy

(b) Substrate Thickness: 1.6 mm

(c) Permittivity (g,): 4.3

(d) Patch Method: Meander line

(e) Patch Material: Copper

(f) Patch Thickness: 0.035 mm

(g) Operating Frequency: 108 MHz — 118 MHz &

328.6 MHz - 335.4 MHz
In the initial design steps, several antenna parame-

ters were established as a basis for the design. These
initial parameters can be seen in Table 3.

Table 3: Initial Antenna Parameters

Parameter Value

Central Frequency 110.5 MHz & 329.6 MHz
Return Loss i-10dB

VSWR <2

Bandwidth MHz & 6.8 MHz

In the substrate material selection process, deter-
mining the permittivity value of the material is the
main factor. There are various substrate options with
different permittivity values. For this research, FR-4
Epoxy substrate with a permittivity value (€,) of 4.3
and a thickness of 1.6 mm was chosen due to its wide
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availability in the market and its moderate permittivity
value. Meanwhile, the material used for the patch layer,
ground plane, and the dipole antenna construction in
this study is copper. Copper was chosen for its abil-
ity to efficiently radiate electromagnetic waves and its
compatibility with FR-4 substrate as an electromag-
netic wave reflector. The thickness of the copper for
the patch and ground plane is 0.035 mm. Meanwhile,
the diameter of the dipole antenna will be determined
after calculations are completed.

i. Calculation of Dimensions and Antenna Length

Before determining the length of the antenna, the first
step is to calculate the wavelength for frequencies of
110.5 MHz (A;) and 329.6 MHz (A,). The wavelength
calculation can be formulated through Equation (1)
[18,19].

A=2 (1)
Je
with:

c 3x 108

LT A T 1105 x 109 o
c 3x 108

== 220 091094
27 5 T 329.6 % 106 o

Based on the calculations above, the wavelength value
for a frequency of 110.5 MHz is 2.71493 meters,
and the wavelength for a frequency of 329.6 MHz is
0.91094 meters.

After obtaining the wavelength for each frequency,
the antenna length can be calculated by applying for-
mula (2) with K = 0.95 (velocity factor for metal).

A
L=Kx 5 2)
with: Length of the dipole antenna for 110.5 MHz:
Ly =KX %k
=0.95 % % x2.71493 =129 m
Length of the dipole antenna for 329.6 MHz:
Ly =KX %l
=0.95 % % % 0.91094 =0.43 m

The total antenna length for these two frequencies is:
_ Livpet+Ligne
2 3)

129404
_ —9;0 3 0.86m

From this total antenna length, it will be divided into
2 parts, with half of the total antenna length being
made into a folded end dipole antenna and half of the
other length transformed into a microstrip meander line
antenna.

Dipole Antenna Length (L;)

1
L= 3 % 0.86 =0.43 m =430 mm @
Antenna Length after Bending
L= Distance of side @ —215mm (5)

2 2

The diameter of the dipole antenna can be calcu-
lated using the following formula:

A _ 2714
~ 1000 ©)

ii. Microstrip Meander Line Antenna Dimension

The dimensions of the substrate in the meander line an-
tenna are related to the number of lines on the antenna
patch. The more lines there are, the larger the substrate
dimensions needed. Meanwhile, the size of the ground
plane for the microstrip meander line antenna is not
determined by a standard, but is obtained through an
optimization process. The initial size of the ground
plane is generally taken to be 100% of the length of the
substrate, then optimized to achieve maximum antenna
performance.

A microstrip antenna is said to be matched when
the transmission line impedance (Zp) is equal to the load
impedance (Z;) [20]. Zy generally has a value of 50
Q, while Z; is the impedance of the microstrip antenna.
The microstrip antenna is supplied by a feed with an
impedance of 50 Q2 and an SMA female connector. To
calculate the feed width with an impedance of 50 Q,
formulas in equations (7) and (8) can be used [14].

6012 60 x (3.14)?
B= " xB14)° 54 %
ZovE& 50743
Wf:%{B—l—ln(ZB—l)
1 0.61 ®
+ &= [1n(23—1)+0.39—' ]}
2¢€, &
Calculating Wy:
_2X16{ 7-1-In(2x57—1)
2 = ln (2x5.7—1) 9)

0.61
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Next, to calculate the length of the feedline using
the following equation [21]:

Wf 2.7
=t 1
N 6 6875 >

Since % > 1, the effective dielectric constant (&) can

be calculated using formula (10).
&+1 ¢g-—1 1
Eeff = r2 + r2 (10)
12
Calculating &.:
c _4.3+1+4.3—1 1
) 2 | 4 12x16

2.7
=2.6541.65x0.3511=3.22

After finding the value of the dielectric constant
(&efr), use equations (11) and (12) to find the value of
the feedline length.

A

lr= -2 11
=7 (11

A 903
Ay = = —=280434mm (12)

T Ve V322
Thus, the length of the feedline is:
280.434
ly = R 70.1 mm

The parameter values for the lines in the meander
line antenna begin with adjustments according to the
length and width of the feedline. This is done as a pre-
liminary step in the antenna design process. Adjusting
the line parameters aims to achieve impedance match-
ing between the antenna and the feedline [22]. This is
crucial to ensure optimal power transfer from the signal
source to the antenna.

Iy 70.1

W; =Wy =2.7mm

Based on the calculations, the length of the mean-
der line antenna (/;) is found to be 35.05 mm and the
line width (W}) is 2.7 mm. Meanwhile, the spacing be-
tween lines is adjusted according to the feedline width,
which is [gap = Wy = 2.7 mm. The number of lines in
the microstrip antenna at a certain frequency can be
calculated using the following formula:

N L 1260
CLi+W; 35.05+2.7
Based on all the calculations above, the initial

data for the combined dipole antenna and microstrip
meander line antenna can be seen in Table 4.

= 34 lines

(13)

Table 4: Initial Antenna Dimensions

Parameter Symbol Size
Dipole antenna length Ly 430 mm
Antenna length after bending L, 215 mm
Dipole antenna diameter R 2.7 mm
Feedline length Ly 70.1 mm
Feedline width Wy 2.7 mm
Line length l; 35.05 mm
Line width W; 2.7 mm
Distance between lines lgap 2.7 mm
Number of lines N 34
Substrate length P 450 mm
Substrate width L 50 mm
Ground plane length P, 450 mm
Ground plane width L, 50 mm
Patch thickness T, 0.035 mm
Substrate thickness T, 1.6 mm

iii. Antenna Design Simulation

The antenna design simulation was conducted using
CST Studio Suite 2021 software to determine the initial
antenna parameters based on the previous calculations.
Below are the results of the initial simulation of the
combined dipole antenna and microstrip meander line
antenna design.

(a)

(b)

Figure 3: Initial Antenna Design (a) Front View and (b)
Back View

From the images above, the simulation results of
the initial design parameters for the combined dipole
and microstrip meander line antennas are shown in
Figure 4 below.

Based on Figure 4, the best parameter results were
at the center frequency of 150.5 MHz with a return
loss value of -35.4377 dB and a VSWR of 1.034399,
and at the center frequency of 310 MHz with a return
loss value of -11.4573 dB and a VSWR of 1.729942.
However, these results did not meet the desired speci-
fications, which were to operate at center frequencies
of 110.5 MHz and 329.6 MHz. Therefore, the antenna
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while, the parts that saw increases in size include the
dipole antenna diameter, feedline length, line length,
and substrate width. The comparison of dimensions
before and after optimization can be seen in Table 5.

- = - - - == - - = = . Table5: Comparison of Antenna Dimensions Before and
L i [ . . .
o After Optimization
()
b M arde W Bans [V Parameter Before Optimi: (mm) After Optimi: (mm) Di (%)
Dipole antenna length 430 125 -54.95
Antenna length after bending 215 50 -62.26
Dipole antenna diameter 2.7 3 +5.26
Feedline length 70.1 108.2 +21.37
Feedline width 2.7 2.7 0
j 2 i Line length 35.05 98 +47.31
e Line width 2.7 2.7 0
Distance between lines 2.7 2.7 0
? ? Number of lines 34 34 0
- -y - e P vy v =y - ) Substrate length 450 195 -39.53
Pempamnry § iy Substrate width 50 115 +39.39
Ground plane length 450 60.5 -76.30
Ground plane width 50 9.4 -68.35
(b) Patch thickness 0.035 0.035 0
Substrate thickness 1.6 1.6 0
Figure 4: Return Loss (a) and VSWR (b) Parameters of the
Initial Design Notes:

design needs to be optimized to achieve the expected
specifications with better parameter values.

iv. Antenna Design Optimization

The antenna design optimization was carried out by ad-
justing the initial antenna dimensions, such as changing
the dimensions of the ground plane, substrate dimen-
sions, line length, dipole antenna length, and other fac-
tors until the desired parameter results were achieved.
The final design after antenna optimization can be seen
in Figure 5 below.

(a)

(b)

Figure 5: Optimized Antenna Design (a) Front View and
(b) Back View

Based on the optimized antenna design, several
parts experienced reductions or increases in dimension
sizes. The parts that saw reductions in size include the
dipole antenna length, antenna length after bending,
substrate length, and ground plane dimensions. Mean-

* The (+) sign indicates an increase in antenna dimen-
sion size.

* The (-) sign indicates a decrease in antenna dimen-
sion size.

After optimizing the design of the combined
dipole antenna and microstrip meander line antenna,
the resulting parameters such as return loss and VSWR
can be seen in Figure 6 below.

S-Parameters [Magntude]

5, -19.43471 )

6, -27.41626 )
, -10.17068 )
, -10.3198 )
JETIRETE L) SRS SRS SRRSO o
, -10.2129 )

50 100 150 200 250 300 350 400
Frequency | MHz

(a)

Voltage Standng Wave Ratio (VSWR)

EL R R TR R s SECERE SRR | T SR | B T | U
(110.5,1.238951 )
2 T R (329,6, 1,119686 ) f----rsereeeen [b Q ...................
™ 4 (109.2, 1963073 ) !
. q (meaesy o dc W]
(328.2, 1.951455 )
§ (330.7, 193373 )
0.75 {2}
50 100 150 200 250 300 350 400
Frequency / MHz

Figure 6: Simulation Results After Optimization (a) Return
Loss Value and (b) VSWR Value

v.  Antenna Design Simulation Results

The provided data shows that the combined dipole and
microstrip meander line antenna design can resonate
at several frequencies, including the desired frequen-
cies of 110.5 MHz and 329.6 MHz. The information
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includes the return loss (S11) and VSWR parameters.
From this data, information about the operational fre-
quency and bandwidth of this antenna design can be
obtained. This is based on simulation results using
CST Studio Suite 2019 software, which shows that the
antenna can operate in the frequency range of 109.2
MHz to 111.2 MHz with a bandwidth of 2 MHz, a
VSWR of 1.238951, and a return loss of -19.43471 dB
at the center frequency of 110.5 MHz. Additionally, in
the frequency range of 328.2 MHz to 330.7 MHz, the
antenna achieved a bandwidth of 2.5 MHz, a VSWR
of 1.119686, and a return loss of -27.41626 dB at the
center frequency of 329.6 MHz. The return loss and
VSWR values from the simulation can be seen in Table
6.

Table 6: Parameter Values of the Simulation Results After

Optimization

Marker Frequency (MHz) Return Loss (dB) VSWR

Ml 110.5 -19.43471 1.238951
M2 329.6 -27.41626 1.119686
M3 109.2 -10.17068 1.969073
M4 111.2 -10.3198 1.943765
M5 328.2 -10.13435 1.951455
M6 330.7 -10.21296 1.933736

Based on this final simulation, it can be seen that
the impedance values match the expected impedance
values, which are close to 50 Q. Below is a graph show-
ing the impedance values from the final simulation:

S-Parameters [Impedance View]

—— 51,1 (8) (50 Ohm)

Figure 7: Impedance Graph After Optimization

The impedance obtained from the simulation is
59.490991 + j6.855990 Q at a frequency of 110.5 MHz
and 54.512106 + j2.62916 Q at a frequency of 329.6
MHz.

The simulation also provides information on the
radiation pattern generated, which visually illustrates
the far-field radiation characteristics of the antenna,

depending on the specific direction of the antenna de-

sign [23]. The radiation pattern results can be seen in
Figure 8 below.

From the images above, it can be seen that the
radiation pattern cuts produce a bidirectional pattern
for the VHF band and a directional pattern for the UHF
band. The overall final parameters after optimization

Farfield Gain Abs (Phi=90)

—— farfield (f=110.5) [1]

Frequency = 110.5 MHz
Man lobe magntude = 4.3 dBi

Theta / Degree vs. dBi Man lobe drection = 177.0 deg.

(a)
Farfield Gan Abs (Phi=90)
— farfield (f= 329.6) [1)
Frequency = 329.6 MHz
Man bbe magntude =  -6.29 dBi
Theta / Degree vs. dBi Man bbe drection = 35.0 deg.
(b)

Figure 8: Radiation Pattern Results After Optimization (a)
Frequency 110.5 MHz and (b) Frequency 329.6
MHz

can be seen in Table 7.

Table 7: Final Simulation Results After Optimization

Specification Frequency 110.5 MHz Frequency 329.6 MHz
Return loss -19.43471 dB -27.41626 dB
VSWR 1.238951 1.119686
Bandwidth 2 MHz 2.5 MHz
Impedance 59.490991 + j6.855990 Q  54.512106 + j2.62916 Q

Radiation Pattern Bidirectional Directional

vi. Development Stage

After completing the antenna design and ensuring that
the parameters meet the standards through software test-
ing, the next step is fabrication. The designed antenna
will be made using an FR-4 PCB substrate measuring
195 mm x 115 mm. The dipole antenna will be fabri-
cated using 3 mm diameter copper wire, with the dipole
antenna length being 125 mm and the length after bend-
ing being 5 mm. The bent dipole antenna will then be
connected to the microstrip meander line antenna us-
ing soldered tin. This dual-band dipole and microstrip
meander line antenna assembly will be fitted with an
SMA-Female connector. The fabricated antenna results
are shown in Figure 9.
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(b)

Figure 9: Fabricated Antenna (a) Front View and (b) Back
View

vii. Implementation Stage

Antenna Measurement Procedure. Testing or measure-
ment will be conducted on the printed antenna to com-
pare the parameters from the simulation using CST
Studio Suite 2021 with the fabricated antenna. The
parameters being compared include return loss, VSWR,
bandwidth, and impedance. The measurement will use
a Rohde & Schwarz ZNC 3 Vector Network Analyzer
in the Advanced Laboratory of the Aerospace Engineer-
ing Department.

~ LI

COAXIAL

PORT 1 PORT2

NETWORK
ANALYZER

1 2 3
4 5 6
7 8 9

2

An

Figure 10: Measurement Setup Using Vector Network Ana-
lyzer Rohde & Schwarz ZNC 3

The flow diagram for the antenna measurement
procedure using the Vector Network Analyzer Rohde
& Schwarz ZNC 3 can be seen in Figure 11.

Antenna Measurement Results. After measuring
the combined dual-band dipole and microstrip meander
line antenna, the following parameters were obtained:

' Turn on VNA
. | Rohde & Schwarz ZNC 3

Perform
measurement

No

Is result satisfactory?

Prepare cables and
connectors
Set working
frequency range
Calibrate equipment b—

Figure 11: Flow Diagram of the Antenna Measurement Pro-
cedure

Yes

Save measurement
data

viii. Return Loss

Return loss is measured to assess the reflection coef-
ficient, indicating how much power is lost due to a
mismatch between the antenna and the transmission
line [24]. The lower the return loss, the less power
is lost at the antenna, meaning better antenna perfor-
mance. Below are the return loss measurements using
the Vector Network Analyzer Rohde & Schwarz ZNC

Puwr 10 dBm Buw 10 kHz

Figure 12: Return Loss Measurement Graph

The graph shows that the return loss at the VHF
and UHF working frequencies has been obtained. For
the VHF frequency, the lowest return loss was recorded
at 110.50 MHz at marker 1 (M1) with a value of -
14.1680 dB, with the lower limit at 103.22 MHz at
marker 2 (M2) with a value of -10.0146 dB, and the
upper limit at 117.82 MHz at marker 3 (M3) with a
value of -10.0883 dB. At the UHF frequency, the lowest
return loss was found at 368.50 MHz at marker 4 (M4)
with a value of -15.4202 dB, with the lower limit at
362.30 MHz at marker 5 (M5) with a value of -10.0451
dB, and the upper limit at 373.70 MHz at marker 6
(M6) with a value of -10.1060 dB.
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ix. VSWR Value

VSWR (Voltage Standing Wave Ratio) is measured to
determine the ratio between maximum and minimum
voltage in the standing wave generated by the reflec-
tion due to impedance mismatch between the antenna
input and the transmission line. Higher VSWR values
indicate greater reflected power, which can damage
equipment. Below are the VSWR measurement results
using the Vector Network Analyzer Rohde & Schwarz
ZNC 3.

%
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Chi Stan 50 MHz Peer 10 dBm Bw 10 kHz

Figure 13: VSWR Measurement Graph

From the graph, the VSWR values at the VHF and
UHF working frequencies can be seen. At the VHF
frequency, the lowest VSWR was recorded at 110.50
MHz at marker 1 (M1) with a value of 1.487. The
lower limit was at 103.22 MHz at marker 2 (M2) with
a value of 1.928, and the upper limit at 117.82 MHz
at marker 3 (M3) with a value of 1.916. At the UHF
frequency, the lowest VSWR was recorded at 368.50
MHz at marker 4 (M4) with a value of 1.408, with the
lower limit at 362.30 MHz at marker 5 (M5) with a
value of 1.927, and the upper limit at 373.70 MHz at
marker 6 (M6) with a value of 1.910.

x. Impedance Value

This impedance measurement is essential because it
affects the match between the transmission line and
the antenna. The measurement results show that the
antenna impedance matches the expected specification,
approximately +50 Q. Below are the impedance mea-
surement results using the Vector Network Analyzer
Rohde & Schwarz ZNC 3.

Based on the graph above, the impedance val-
ues at the VHF and UHF working frequencies can be
found. At the VHF frequency, the lowest impedance
was recorded at 110.50 MHz at marker 1 (M1) with
a value of 60.402 Q, with the lower limit at 103.22
MHz at marker 2 (M2) with a value of 46.015 Q and
the upper limit at 117.82 MHz at marker 3 (M3) with a
value of 88.709 Q. At the UHF frequency, the lowest
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Figure 14: Impedance Measurement Graph

impedance was recorded at 368.50 MHz at marker 4
(M4) with a value of 36.919 Q, with the lower limit at
362.30 MHz at marker 5 (M5) with a value of 33.821
Q and the upper limit at 373.70 MHz at marker 6 (M6)
with a value of 26.217 Q.

xi. Bandwidth Value

Bandwidth can be measured using the return loss or
VSWR graph of the tested antenna. An antenna is
considered to operate well if the return loss value is
< -10 dB and the VSWR value is < 2. Based on this
criterion, the bandwidth can be calculated using the
Equation (14).

Bw=F—F (14)

Bandwidth VHF
Bw VHF = 117.82 MHz — 103.22 MHz = 14.60 MHz
Bandwidth UHF
Bw UHF =373.70 MHz — 362.30 MHz = 11.40 MHz

The measurement results show a bandwidth of
14.6 MHz at the VHF frequency and 11.4 MHz at the
UHF frequency, meeting the specified requirements of
4 MHz for VHF and 6.8 MHz for UHF. For percentage
calculation, it can be computed using the equation:

F—F
%XIOO%

C

%Bw =

Percentage Bandwidth VHF

117.82 —-103.22

%Bw VHF = ——0=

x 100% = 13.21%

Percentage Bandwidth UHF

373.70 —362.30
368

%Bw UHF = x 100% = 3.09%
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xii. Evaluation Stage

After the measurement using the Vector Network An-
alyzer Rohde & Schwarz ZNC 3, the following com-
parisons between simulation and measurement were

obtained:

Table 8: Comparison of VHF and UHF Simulation and Mea-
surement Results

Specification Simulation Measurement Result

'VHF Frequency Band

Parameter

Frequency Operation 108 - 112 MHz 109.2-111.2MHz 103.22 - 117.82 MHz M
Return Loss i-10dB -19.43471 dB -14.1680 dB M
VSWR i2 1.238951 1.487 M
Bandwidth 4 MHz 2 MHz 14.6 MHz M
Impedance +50 Q 59.49 Q 60.402 Q M
UHF Frequency Band
Frequency Operation  328.6 —335.4 MHz 328.2-330.7 MHz  362.3 - 373.7 MHz DM
Return Loss i-10dB -27.41626 dB -15.4202 dB M
VSWR i2 1.119686 1.408 M
Bandwidth 6.8 MHz 2.5 MHz 11.4 MHz M

Impedance +50 Q 5451 Q DM

Notes: M = Meets the requirements, DM = Doesn’t
Meet the requirements.

The following shows a comparison graph of return
loss and VSWR values between the simulation results
and the measurement results.
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Figure 15: Comparison Graph of Return Loss Simulation
and Measurement Results

Based on Figures 15 and 16, it is evident that there
are differences between the simulation and measure-
ment results of the antenna performance. This occurs
because the measurement was conducted in an environ-
ment with an unstable radiation field distribution. In
the VHF frequency band, the simulation results yielded
a return loss value of -19.43 dB at a frequency of 110.5
MHz. Meanwhile, the measurement yielded a return
loss value of -14.16 dB at the same resonance frequency
as the simulation, which is 110.5 MHz. In the UHF
frequency band, the simulation produced a return loss
value of -27.41 dB at a resonance frequency of 329.6
MHz, while the best return loss value in the measure-
ments shifted to 368.5 MHz, with a value of 15.42
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Figure 16: Comparison Graph of VSWR Simulation and
Measurement Results

dB. This frequency shift is caused by several factors,
including:

1. Environmental influence from objects around the
measurement area.

The quality of the dielectric material.

Accuracy in the PCB etching process.

Human or machine errors during fabrication.
Measurement tool accuracy.

The quality of cables and connectors.

Differences in impedance in the cables or connec-
tors used, which can cause discrepancies between
the measurement and simulation results.

Although the return loss and VSWR values de-
creased compared to the simulation results, the fabri-
cated bandwidth for the VHF band met the specified
requirements, which is 14.6 MHz. Meanwhile, in the
UHF frequency band, the bandwidth achieved was 11.4
MHz, but its resonance frequency shifted from the sim-
ulation results. Therefore, the measurement results
after fabrication still require optimization to operate on
both the Localizer and Glide Path working frequencies
simultaneously. This means that the antenna is not yet
ready to be tested using PIR.

Nk wD

IV. CONCLUSION

Based on the design results, a combination of a dipole
antenna and a dual-band microstrip meander line an-
tenna was created, which can operate simultaneously
in the VHF and UHF frequency bands. However, this
antenna can only function in the Localizer operating
frequency due to a frequency shift in the UHF band,
making it unable to operate at the Glide Path frequency.
Additionally, the antenna design has return loss values
of -14.1680 dB and -15.4202 dB and VSWR values of
1.487 and 1.408 at center frequencies of 110.5 MHz
and 368.5 MHz, respectively. These parameters meet
the expected specifications of having a return loss of
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< —10 dB and VSWR < 2. On the other hand, the
antenna’s dimensions are 195 mm x 115 mm for the
microstrip antenna and 125 mm in length on the top
side and 50 mm on the bottom side for the dipole an-
tenna, resulting in a total antenna length of 320 mm.
These dimensions allow the antenna to be mounted on
a drone, although it can only operate in the Localizer
frequency range.
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