Jurnal Teknik Elektro Vol. 15 No. 1 2023

Design and Optimization of Discone Antenna for
Medical Device Electromagnetic Interference
Measurement

Haryo Dwi Prananto!”, Dwi Mandaris?, Aditia Nur Bakti!, and Achmad Munir?

P-ISSN 1411-0059 | E-ISSN 2549-1571

'Research Center for Testing Technology and Standard, National Research and Innovation Agency
Building 417, Kawasan Sains dan Teknologi BJ Habibie, Tangerang Selatan, 13514, Indonesia

2Radio Telecommunication and Microwave Laboratory, School of Electrical Engineering and Informatics,
Institut Teknologi Bandung
JI. Ganesha No. 10, Bandung, 40132, Indonesia

*Corresponding author. Email: hary011@brin.go.id; haryo.prananto@gmail.com

Abstract— The wide spread of the Internet of Things creates the possibility of electromagnetic interference in
medical devices. Therefore, it is necessary to perform risk mitigation by finding the value of electromagnetic
interference through measurements using wideband and omnidirectional antennas, e.g., the discone antenna.
In this research, the optimization of the S11 value of a designed discone antenna was obtained using simulation
from the effect of dimensional variations in discone parameters like disc diameter, cone bottom diameter,
gap, and cone height on Si1 characteristics. The parameters were combined for optimization. The design was
fabricated, and the Sii1, radiation pattern, gain value and antenna factor, and the ability to measure
interference through modeling were measured. Gain value and antenna factor were obtained using the gain-
comparison method, which compared the antenna of interest against another antenna with a standard gain.
The optimization was successfully performed with a better Si11 value. At 5.2 GHz, the value of S11 was below -
10 dB. The realization of the design showed similar results to the simulation, and it was found to be able to
operate in the medical device frequency range (wideband). The ability of the discone antenna improved in
terms of Si1 value, especially at 5.2 GHz, where the value was below -17.443 dB. The radiation pattern of the
designed antenna is omnidirectional. Additionally, validation was carried out by providing gain value and
antenna factor. It has been proved that the designed discone antenna could measure interference successfully

by modeling interference sources as electric field sources from all directions.
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I. INTRODUCTION

The Internet of Things (loT) system has become an
inseparable part of almost all activities and places in this era.
Health facilities such as hospitals implement this system with
the aim of making access to health services more efficient [1]
in terms of time, place, and cost. 10T is applied to all aspects,
including information access and health equipment. Health
equipment, wearable or not, uses loT to assist health workers
in diagnosing a health problem in real-time and easily [2], [3],
especially during the COVID-19 pandemic [4], [5]. During this
period, l1oT saw increased applications in several medical
devices, including sphygmomanometers, electrocardiogram
(ECG), electroencephalography (EEG), blood sugar
monitoring devices, and heart rate monitoring devices [6].

In its use, the ECG monitoring system has been reported to
experience interference from the Wireless Local Area Network
(WLAN) communication system ) [7]. The signal shown by the
ECG monitoring device is disturbed when the WLAN system
is turned on but returns to normal when the WLAN system is
turned off. Measurements of the emission from Radio
Frequency Identification (RFID) equipment are carried out in
the healthcare environment [8], which can generate
electromagnetic interference. Signals coming from cell phones
can also cause interference with medical devices such as ECG
monitors, treadmill examination devices, pulse oximeters, fetal

heart detectors [9], and telemetry systems in pacemakers [10].
The hematology analyzer in a clinical laboratory experiences
interference on its screen caused by electromagnetic
interference originating from the distributed antenna system for
communication systems in the 0.7-2.6 GHz frequency range
[11]. The oscillator on the ventilator is also disrupted due to
Universal Mobile Telecommunications System (UMTS)
signals from a short distance [12]. To note, based on the CISPR
standard 11:2015 regarding limits and methods for measuring
radio frequency interference characteristics for industrial,
scientific, and medical equipment, the transmission power limit
for this equipment that can interfere with other equipment
during measurement at a test site with a distance of 3 m is 47
dBuV/m in the 0.23-1 GHz frequency range and 70.47
dBuV/m in the 1-18 GHz frequency range [13]. Meanwhile,
based on IEC 6060-1-2, the power transmission limit is 3 VV/m
[14].

Risk mitigation is required to prevent disruption of the
function of medical devices due to electromagnetic interference,
where more and more sources of electromagnetic waves have
the potential to cause great interference from the environment
and the medical devices themselves [15]. Data on the
distribution and amount of emission of electromagnetic waves
from all directions and various frequency ranges are required
for the mitigation process. Measuring instruments that can
measure electromagnetic interference, in general, are antennas
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that have specifications for a wide frequency range (wideband),
high gain, compact size, and, where possible, low cost to
manufacture [16]. Based on this, the discone antenna has the
required specifications because it has a wideband (wide
frequency range), compact size, high gain, and omnidirectional
property (the ability to capture emission from all directions)
needed for this measurement [17], [18].

Discone antennas in several studies have been made with
various frequency ranges and applications. A discone antenna
design with a disc of FR4 material for television broadcasting
system applications is shown in [19]. In its working frequency
range, some frequencies have Sy; values above -10 dB. Then,
the discone antenna designed with some modifications to the
shapes of the disc and cone for measuring signal characteristics
indoors in [20] has a good Si1 value. Another discone antenna
design found in [21] is used for energy harvesting applications.
It is a simple design using copper sheets as the material. The
resulting Si11 value is quite good but has yet to reach a maximum
level at frequencies around 2.1 and 3.2 GHz.

Studies on electromagnetic interference measurement
applications include [22] and [23]. In [22], a discone antenna
was designed for use in radio frequency interference
measurements, in which case, based on its Sy value, it works
in the 1.42-2.14 GHz frequency range. In [23], a discone
antenna was designed for interference measurements in
medical devices with a copper sheet as its material, in which
case it works across a wide frequency range, 0.7-6 GHz. Based
on previous studies, the discone antenna design, when viewed
from its S11 value, has a wider working frequency coverage, but
at the 5.2 GHz frequency, it does not have an optimal S1; value.

It requires optimization [23] so that the designed discone
antenna can be used for wireless electromagnetic interference
measurements in all medical device frequency ranges. If the
discone antenna can operate well in these frequency ranges,
then measurements of electromagnetic field radiation
emissions can be carried out and the results of these
measurements can later be used to mitigate potential
interference. In order to optimize the performance of the
discone antenna for it to be able to operate in all target
frequency ranges, this research was conducted. The research
carried out a simple optimization, i.e., dimensional
optimization, on each parameter of the discone antenna of the
same material through simulation. Optimization was carried out
by analyzing the Si1 values for each antenna discone parameter,
i.e., the width of the cone bottom diameter, cone height, gap,
and disc diameter. The Si: values were used as the main
optimization factor because they have the ability to indicate
whether the discone antenna can work or not. It was also used
for measurements in the required frequency range.

The optimized design was expected to have different
dimensions in the cone or disc sections and better Sy; values
than those in previous studies. It was then translated into a
physical form using the same material. The S11 values, radiation
pattern, and antenna were measured. In order to measure the
electric field from the electromagnetic interference and the
required measurement power, antenna validation was
performed by measuring the gain and antenna factor. Modeling
of electromagnetic interference measurements using the
discone antenna was carried out to prove that the antenna could
be used for measurements in the electromagnetic interference
frequency range of medical devices.

Il. METHOD

The discone antenna was designed according to [23] in the
0.7-6 GHz frequency range following the wireless frequency
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range of medical equipment: 0.915 GHz for RFID, 2.4 GHz for
WLAN/Bluetooth, and 5.2 and 5.8 GHz for WLAN. Using
minimum frequency (f,in), the wavelength (1) was found to be
428.6 mm through a calculation using (2).

A==

(1

Where c is the value of the speed of light in a vacuum (3 x 108
m/s). Meanwhile, the length of the slanted side of the cone (L)
was found using (2), which was rounded up to 108 mm.

ina )

Then the height (t) of the antenna and the bottom diameter
(Dbottom) Were obtained using the Pythagorean formula with 6 =
30°. As for the top diameter (Diop), the discone was adjusted to
the size of the cable diameter to be used. The coaxial cable used
was with an outer diameter of 3.6 mm. In this case, diameter
variation was not applied because the adjustment was made to
the size of the existing cable. Meanwhile, the disc diameter (a)
was determined using (3).

a=07L (3)

The value of the gap between the disc and the cone (g) was
obtained based on the ability of the RG-402 inner copper to
support the disc. Hence, in this study, a gap of 1 mm was chosen.
The structure of the discone antenna can be seen in Figure 1,
while the full dimensions of the discone antenna can be seen in
Table I.

fmin

Dhbottom

coaxial cable -7 U

Figure 1. Structure of the discone antenna

TABLEI. DIMENSION OF EACH PARAMETER OF THE DISCONE ANTENNA
Parameter Dimension
(mm)
Dbottom 112.0
Dtop 4.0
a 75.6
t 94.0
0 30.0
g 1.0

This designed discone antenna was made of copper material.
For the cone section, for easy shaping into a cone, the thickness
of the copper sheet used was 0.2 mm. Meanwhile, the thickness
of the disc used was 0.5 mm to give it sturdiness. After all the
parameters were met, a simulation using the high-frequency
simulation software, CST Studio suite was carried out.
Optimization of Si1 values was carried out by varying the
dimensions of each discone antenna parameter. The parameters
included the bottom diameter of the cone, cone height, gap, and
disc diameter. In each variation, the characteristics of Si; were
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analyzed, and how they were affected was observed. Then the
analysis of each antenna variation was combined with each
parameter to obtain the optimal discone antenna design at the
desired Si1; values. The optimal values of S1; were seen from its
magnitude at -10 dB or below because it reflects that the power
on the antenna was only slightly reflected back. Additionally,
the Si1 values must be measured in the required frequency
range.

After the optimized discone antenna design was obtained
from the simulation, it was then constructed in a physical form
using the same material used during the simulation. The
discone antenna that was created was then measured for its Si1
values using a Vector Network Analyzer by connecting the RG-
402 coaxial cable port on the discone antenna (as shown in
Figure 1) to the Vector Network Analyzer port. The radiation
pattern was measured in a semi-anechoic chamber at the
wireless health equipment frequencies 0.915 GHz, 2.4 GHz, 5.2
GHz, and 5.8 GHz. In addition, the antenna gain was calculated
at each of these frequencies. The constructed discone antenna
was expected to have Si1 values below -10 dB and an
omnidirectional radiation pattern at each frequency [24].

A. Variation of Cone Bottom Diameter

Based on Figure 2, the larger the bottom diameter of the
cone, the greater the cut-off frequency. This was probably
because with every increase in the bottom diameter of the cone,
the distance between the cone surface and the disc as a
transmitter became smaller, leading to a shorter wavelength and
a higher cut-off frequency. On the other hand, the resulting Si1
values tended to decrease as the bottom diameter of the cone
increased. This was probably because the reduced bottom
diameter of the cone turned the shape of the antenna into
monopole antenna-like, resulting in a decreased bandwidth as
seen from the increased Si: values. The optimal values were
obtained when the diameter of 132 mm was used.
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Figure 2. Sy; characteristics in the discone antenna simulation with
variations in the bottom diameter of the cone

B. Variations of Cone Height

Figure 3 shows that, which is consistent with theory, cone
height affected the cut-off frequency of the discone antenna.
The taller the cone, the lower the cut-off frequency. Meanwhile,
the S1; value was also influenced by the height of the cone, but
no specific pattern was formed. In general, the height of 74 cm
had lower Si1 values in some frequency ranges compared to
other cone heights.
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Figure 3. Sy characteristics in the discone antenna simulation with
variations in the height of the cone

C. Variations of Gap

Figure 4 shows that the distance from the disc to the cone
(gap) affected the value of Si1 in the low-frequency range. In
addition, the cut-off frequency was also affected, but not
significantly. The greater the cone distance, the lower the cut-
off frequency. The Si; value tended to be lower around the
frequency ranges of 0.9-1.4 GHz and 3.7-6 GHz. The value of
S11 was affected by the impedance match between the load
impedance on the antenna and the impedance on the
transmission line. It was assumed that the change in the Si;
value that went with the gap variation was probably due to the
matching impedance.
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Figure 4. S, characteristics in the discone antenna simulation with
variations in gap

D. Variations of Disc Diameter

Figure 5 shows the variations of the disc diameter size, as,
in theory, diameter affects the cut-off frequency of the discone
antenna. This graph shows that the larger the size of the disc,
the smaller the cut-off frequency. This was probably because
the greater the disc size, the wider the range of electromagnetic
waves. It also allowed for more contact with the ground surface,
i.e., the cone, which made the wavelength shorter. Meanwhile,
for the Sy, results as a whole, the disc size had regular patterns
of effect at low frequencies (around 0.7-1.2 GHz) and high
frequencies (around 3.2-5 GHz), where the larger the disc size,
the smaller the S;1 value. However, the relationship was
inversely proportional around the 1.2 — 3.2 GHz frequency
range. This might be due to the influence of the electrical length
of the antenna. Based on the cut-off frequency and the optimal
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values of Si1, the disc diameter of 0.8 L was considered to be
the optimal parameter.
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Figure 5. Sy, characteristics in the discone antenna simulation with
variations in the disc diameter

E. Optimization

The optimization values obtained from the analysis of
variations in parameters, particularly the optimization values of
Design A, are shown in Table II. A simulation was carried out
on Design A, and the resulting Si11 graph is shown in Figure 6.
The Si1 values of Design A were compared against the Si;
values obtained in a previous study [23], which were lower. In
other words, Design A was considered more optimal. However,
the cut-off frequency of Design A was around 1 GHz, which
did not meet the frequency requirement for making an
optimized discone antenna, i.e., 0.915 GHz (for measuring
interference from RFID equipment).

To find a design that meets the criteria for optimal Si1
frequency coverage and value, another simulation was carried
out on a variety of parameters, and it was found that Design B
was able to meet these criteria. The value for each parameter of
Design B can be seen in Table I, while the resulting Si11 graph
can be seen in Figure 6. The table shows that the increase in
cone height, reduction of disc diameter, and reduction of the
gap between the cone and disc made Design B optimal. Based
on the data and analysis of the optimization results for each of
the parameters previously described, the lower cut-off
frequency obtained by increasing the cone height and reducing
the gap helped meet the required frequency criteria. Meanwhile,
the values of S11 were maintained below -10 dB by reducing the
disc diameter.

TABLE Il. OPTIMIZATION OF DISCONE ANTENNA

Dimensions When Su1
Values Were Optimal

Dimensions When S11

Parametric Values Were Optimal

Variation in Design A (mm) in Design B (mm)
Dbottom 132 132
t 74 94
a 08L 07t
g 15 1

11
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Figure 6. Comparison of S;; values among simulations, the optimized
design in this research, and the previous research design [23]

F. Antenna Characteristics Measurement

After the design optimization was carried out, the Design B
discone antenna was created in a physical form using the same
material used in the simulation. The antenna created was then
measured for its S11 values using a Vector Network Analyzer to
ascertain the values derived from the optimization, especially
at the frequencies 0.915, 2.4, 5.2, and 5.8 GHz. Then,
measurements of the radiation pattern were carried out in the E
field at each of these frequencies as it represents the actual
measurement with scanning for interference sources in all
directions.

To validate the characteristics of the discone antenna, gain
and antenna factor measurements were carried out. The gain
value of the discone antenna was obtained using the gain-
comparison method, involving a comparison antenna with a
standardized gain value (which was already known). In this
study, a Bicolog Aaronia 30100 antenna was used at the
frequency 0.915 GHz and a Hyperlog Aaronia 30100 antenna
was used at the frequencies 2.4, 5.2, and 5.8 GHz as both are
often used in electromagnetic interference measurements. The
gain value of the discone antenna (GT) was calculated using (4).

Gr(dB) = G,(dB) + 10 log (1% (4)

Where GS is the gain value of the comparison antenna, i.e., 2.85
dBi for the bicolog antenna (the typical gain in the operating
frequency range of this antenna model) and 5 dBi for the
hyperlog antenna, P is the power received by the discone
antenna, and P is the power received by the comparison
antenna. The gain value obtained from this calculation was then
compared with the gain value obtained from the simulation
The antenna factor is an important characteristic that must
be known for an antenna so that it can be used in measuring
electromagnetic interference and electromagnetic compatibility
[25]. This also indicates that the antenna already went through
calibration and measurement stages with accuracy. The antenna
factor (AF) of the antenna was calculated using (5) [26].

_ l 4TZ
AF = 3 /ZLG (5)

Where Z, is the impedance of a vacuum of 120m, Z; is the
impedance of the antenna system, which is assumed to be 50
ohms, and G is the gain value, which in this study was obtained
using the gain-comparison method.




12

G. Medical Device Electromagnetic Interference
Measurement Modeling
Electromagnetic interference can come from the

environment or from the operation of the medical device itself,
for instance from the operations of Bluetooth and WLAN at the
2.4 GHz frequency [15]. It was also proven by [27], which
showed that electromagnetic emissions can potentially interfere
with wireless medical devices at the 2.4 GHz frequency.
Therefore, to ensure the performance of the discone antenna
that was designed to measure electromagnetic interference, the
electromagnetic interference source at that frequency was
modeled using a Planar Inverted F Antenna (PIFA) with a
sampling frequency of 2.4 GHz. This antenna was chosen as
some medical devices use it for data transmission and telemetry
[28], [29].

Modeling of electromagnetic interference measurements
was carried out by placing a PIFA at a distance of 1.5 m from
the discone antenna in a semi-anechoic chamber and then
varying the signal magnitude at 0, 2.5, 5, 7.5, and 10 dBm,
where the signals were transmitted by the PIFA as a source of
interference. The signal magnitudes 5, 7.5, and 10 dBm were
chosen to interpret the magnitude of the emissions of
electromagnetic waves that could cause interference to medical
devices [30], while the signal magnitudes 0 and 2.5 dBm were
chosen to see the potential ability of the discone antenna to
measure interference below those signal magnitudes
aforementioned. The discone antenna received the signal
transmission and then calculated the magnitude of the electric
field strength by adding the antenna factor to the amplitude
value received in dBuV. Conversion from dBm (power) to
dBuV (voltage) was done by adding the dBm value to 107. The
antenna factor in this measurement also marked that the
measurement results of the discone antenna had been validated
because this value was obtained using the gain-comparison
method against a comparison antenna whose characteristics had
already been known. In addition, measurement was also
conducted on the radiation pattern by rotating the antenna for
360 degrees to model the interference signal captured from the
PIFA from various directions at a signal magnitude of 5 dBm,
which was adjusted to the interference value from research [30],
equivalent to the receiver amplitude value.

I1l. RESULTS AND DISCUSSION

Based on the optimization performed, Design B was found
to have the optimal S1: values and meet the required frequency
coverage for electromagnetic interference measurements on
wireless medical equipment. Therefore, a discone antenna was
created based on Design B, on which Si1 measurements were
then carried out using a vector network analyzer. A photograph
of the Design B discone antenna is shown in Figure 7.

A. Characteristics of the Optimized Discone Antenna

The comparison of Si; values between the optimized
discone antenna and the simulation is shown in Figure 8. The
Design B discone antenna during measurement met the criteria
for a discone antenna to measure electromagnetic interference
in medical devices: it is a wideband discone antenna with Si;
values below -10 dB that belongs in the wireless medical device
frequency range (0.915-5.8 GHz).

The Design B discone antenna actual measurement and
simulation differed in cut-off frequency, where the former had
a higher cut-off frequency of around 0.85 GHz. Meanwhile, the
S11 results appeared to have similar patterns with only a slight
difference. The differences in the cut-off frequency and Si;
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between the Design B discone antenna actual measurement and
simulation might be due to the inaccuracy of the antenna
dimension for each of the parameters, which affected the
antenna impedance. As the antenna was made manually, the
level of precision was not good.

.
!

Figure 7. Photo of the Design B discone antenna
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Figure 8. Comparison of S;; measurement results between the actual
measurement and simulation of the Design B discone antenna

The comparison of Si1 measurement between the discone
antenna designed in the previous study [23] and the Design B
discone antenna is shown in Figure 9. At the frequency of 0.915
and 2.4 GHz, the Si11 values of the Design B discone antenna
were higher, but the Design B discone antenna still had good
performance because the Si; values remained below -10 dB.
Meanwhile, at the 5.2 GHz frequency, the Si; value of the
Design B discone antenna was better than that of the previous
research discone antenna, whose value was above -10 dB.
Similarly, at 5.8 GHz, the Si1; value of the Design B discone
antenna was better than that of the previous research discone
antenna. This shows that the optimized Design B discone
antenna could function in the operating frequency range for
electromagnetic interference measurement in wireless medical
equipment. Based on the data and simulation analysis carried
out previously, the greater the diameter of the cone used in the
Design B discone antenna, the smaller the S;; value. A
description of the comparison of Si1 values within the wireless
frequency coverage in medical equipment can be seen in
Table I11.
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Figure 9. Comparison of the characterization of S11 from the measurement
results between the Design B discone antenna and the previous research
design [23]

TABLE Il1l. COMPARISON OF S;; VALUES AT WIRELESS MEDICAL DEVICE
FREQUENCY BETWEEN THE PREVIOUS RESEARCH DESIGN [23] AND THE
DESIGN B DISCONE ANTENNA

Frequency Value Of Sll (dB)
(GHz)  Previous Design  Design B
0.915 -27.757 -12.745
2.4 -13.429 -12.114
5.2 -8.551 -17.443
5.8 -12.869 -20.833
0
340 10 20
320 0 40
300 _10 60
280 80
260 100
240 120
220 140
200 160
180
@
Simulation
40
60
80
100
120
140
200 160
180
(©)

13

The discone antenna in this study can also be compared with
the discone antenna in [21], even though the application is
different. The material and some of the design steps used are
the same, and the cut-off frequencies are not significantly
different. However, the thicknesses of the cones are different.
This designed discone antenna in this study had better Si;
values than the discone antenna design in [21]. The discone
antenna design in [21] had worse Si; values at around 2.1 and
3.1 GHz because no optimization was carried out. On the other
hand, this study performed optimization on its discone antenna
design, which resulted in lower Si1 values at frequencies that
were below those of the previous discone antenna design.
Meanwhile, the thickness of the material used cannot be
considered a major factor in comparing the performance of the
two designs because, according to how it works, the radiation
generated by the disc will be reflected only on the outside of
the cone. As a result, the thickness of the cone does not really
affect the performance.

After the Si1 values were known, the next step was to
measure the radiation pattern. The measurement and simulation
of the discone antenna radiation patterns are shown in Figure
10. Based on the comparison, in general, the radiation patterns,
when the discone antenna was measured and simulated at all
frequencies, had some differences and similarities, and most of
the time both were omnidirectional. In conclusion, the radiation
pattern met the pattern criterion for a discone antenna that is
suitable for measuring electromagnetic interference. This was
most likely because the discone antenna was made manually so
that the antenna shape was less symmetrical in the disc and cone
parts.

0
340 5 20
320 0 40
300 =5 60
-10
280 — 80
260 100
240 120
220 140
200 160
180
(b)
——Measurement
0
340 5 20
60
80
100
120
200 160
180
(d)

Figure 10. The Radiation Pattern of the Design B discone antenna at the frequencies (a) 0.915 GHz, (b) 2.4 GHz, (c) 5.2 GHz, dan (d) 5.8 GHz
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Table IV presents the results of the gain measurement on
the discone antenna at each wireless medical device frequency
using the gain-comparison method. All the gain values were
negative, which means that there was a loss in the discone
antenna that was made. As for the antenna factor, as previously
explained, it is an important requirement that must be known in
the antenna used for measuring electromagnetic interference
and electromagnetic compatibility. With the antenna factor, the
magnitude of the electric field strength generated by a piece of
equipment that has the potential to cause damage to other
electronic equipment is known. The antenna factor of the
Design B discone antenna is also shown in Table IV.

TABLE IV. DESIGN B ANTENA DISCONE GAIN AND ANTENNA FACTOR

Frequency (GHz) Gain (dB) Antenna Factor (dB/m)
0.915 -20.03 24.740
24 -27.49 25.003
5.2 -16.76 30.651
5.8 -25.56 35.526
B. Medical Device Electromagnetic Interference

Measurement Modeling

Table V and Figure 11 are proofs that the designed discone
antenna could be used for measuring electromagnetic
interference in medical devices. Table V provides the
measurement results of the discone antenna against the
modeling of electromagnetic interference sources with various
variations of the amplitude of the transmission signal. In the
table, there is a value of the electric field strength received by
the discone antenna after adding the antenna factor. The
summing up with the antenna factor shows that the value of the
electric field strength had been validated using a comparison
antenna and was considered the final, accurate value of the
measurement. As the value of electric field strength is also a
measure of electromagnetic interference, it is concluded that
this discone antenna can be applied to electromagnetic
interference measurements. Meanwhile, Figure 11 shows that
the discone antenna is omnidirectional, so it can be used to
measure electromagnetic interference.

As shown in Table V, the unit of the receiving amplitude
was converted from dBm to dBuV to adjust to the unit of the
antenna factor for the purpose of finding the electric field
strength value. Electric field strength is the emission of
radiation which, at a certain magnitude, will cause
electromagnetic wave interference and can cause performance
damage to electronic equipment. Figure 11 shows that in the
angle range 160-230°, the radiation emission from the
electromagnetic wave interference source model had a greater
value than that captured on this discone antenna.

TABLE V. DISCONE ANTENNA MEASUREMENT RESULTS IN
ELECTROMAGNETIC INTERFERENCE SOURCE MODELING

Amplitude of Amplitude Amplitude Field

Transmission of Receiver of Receiver Strength
(dBm) (dBm) (dBuv) (dBuV/m)

0.0 -72.49 3451 59.513

25 -69.03 37.97 62.973

5.0 -67.52 39.48 64.483

75 -64.89 4211 67.113

10.0 -63.07 43.93 68.933
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Figure 11. The radiation pattern from the inverted F antenna as a model of
interference electromagnetic source

C. Mitigation of Electromagnetic Interference in Medical
Devices

It was mentioned at the beginning of the paper that this
discone antenna was optimized so that it can be applied to
interference measurements in medical equipment, and in the
end, the data obtained are used to mitigate the interference that
occurs. In [31], a risk assessment was carried out for mitigation
in the hospital environment to prevent medical equipment from
being exposed to interference from the outside or other medical
equipment. The stages of this mitigation included measuring
the hospital environment, which in the study used discone
antennas, followed by identifying the characteristics of electric
field sources in medical equipment and external sources. The
measurement in a previous study [27] found a significant
change in value from -67 dBm to -72.5 dBm at the 2.432 GHz
frequency originating from a Wi-Fi signal. Then, at that
frequency, a deeper measurement was carried out within 24
hours to obtain a maximum value of -45 dBm. The
measurement data were then analyzed statistically. The results
of the statistical analysis were then made into a matrix and
classified into several risk zones, namely, low, medium, and
high. This information is used as data to make adjustments to
the location of medical devices and sources of interference and
to evaluate medical equipment manufacturers and hospital
rooms.

1V. CONCLUSION

Optimization of the discone antenna design by varying the
dimension of each parameter and analyzing the Si1 results
through simulation has been successfully carried out. The
results of the analysis of the characteristics of Si; for each
dimension variation in each parameter are indicators of the
optimization of the discone antenna. The success of the
optimization carried out was evidenced by the discone antenna
created based on the optimized design having Si; values below
-10 dB in the wireless frequency range for medical equipment
(0.915-5.8 MHz), which was better than previous studies. In
addition, the resulting radiation pattern is omnidirectional,
which meets the expectation. The discone antenna was
designed to be used for measuring electromagnetic interference
in medical devices. Based on the results of the modeling carried
out, it could capture interference signals accurately at various
amplitudes and in all directions (omnidirectional), especially at
the 2.4 GHz frequency. The accuracy of the measurement
results was indicated by the final electric field value, which was
calculated taking into account the antenna factor value, in
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which case the antenna factor was obtained from validation
results using the gain-comparison method. The optimization in
this study was carried out only by varying the dimensions of the
discone antenna. Therefore, in further research, optimization
and development can be carried out by varying the shape or
material used.
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