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Abstract—The indoor antenna characteristic measurement is
usually affected by electromagnetic wave reflection and other
signals interference which cause the strength of a received
signal decreased or sometimes increased. With a standard
scientific methodology i.e., literature review, analysis for
antenna measurement, and design, we suggest a method for
using a Non-Pyramidal Modeled Waveguide Horn Antenna as a
transmission antenna or receiving antenna to reduce the effect
of reflected waves and other signals interference in order to get
a good received signal strength. Based on our research in
Electrical Engineering Telecommunication Laboratory, in
azimuth field the proposed antenna has a “power pattern” of
-3.15 dB at 340° and of -2.48 dB at 20°, so the HPBW is 40°. In
elevation field this antenna also has a “power pattern” of -3.59
dB at 340° and of -2.08 dB at 20° so the HPBW 40°. These
unidirectional radiation pattern characteristics give best output
for WLAN 2.4 GHz communication system especially better
design of transmission antenna and receiving antenna for
internet network. A reliable internet network with wisely used
parameters will support high quality communication and
targeted information transfer that mainly contributes on
improving people quality of life and the sustainability of
environment.

Keywords—Electromagnetic wave reflection, interference,
horn antenna, power pattern, unidirectional

|I. INTRODUCTION

For a period of time the measurement of indoor antenna in
lectrical Engineering Telecommunication Laboratory
niversitas Katolik De La Salle Manado (Unika De La Salle

Manado) was conducted using A/4 monopole antenna. The
antenna radiation pattern was omnidirectional which radiated
the multipath reflection from everything that have conductive
characteristic in that room or could be also the reflection from
the laboratory walls (phenomena from small-scale fading)
[11], so the result of signal measurement at receiver antenna
did not appropriate with the signal strength that came directly
from the transmitter antenna (Line-of-Sight).
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In addition, our laboratory does not have an anechoic
chamber capable of absorbing electromagnetic waves on its
walls so that no reflection occurs. A room like this is very
expensive. That is why in this research we try to design a
Non-Pyramidal Modeled Waveguide Horn Antenna that has a
unidirectional radiation pattern to minimize the effect of
electromagnetic wave reflection signals [9][10].

This Horn Antenna was made from aluminum sheet
material that being formed into a rectangle shape which one
of its front sides was emptied (no wall side), so it was formed
a ‘tunnel’. Driver for this antenna used monopole /4 antenna
that injected at the bottom side, 42 distance from the back
wall, as shown in figure 1. We purposely only used a
waveguide, and did not use a ‘tunnel’ like a typical Horn
Antenna. We did this to get the smallest possible antenna
space angel beam. This Horn Antenna can be used as a
transmitter antenna or receiver antenna for antenna
characteristic measurement operates in WLAN 2.4 GHz
communication system.

This proposed antenna has Half Power Beam-Width
(HPBW) radiation pattern in 40° azimuth field and HPBW in
40° elevation field, which refers to unidirectional radiation
pattern.

In ¢ unication system, signal strength of a received
antennﬁngne of the important parameters that helps people
around the world to communicate smoothly and
uninterruptedly. So, with this great signal strength output and
wise properly implementation, areas that usually have
difficulty receiving internet signals have better expectation to
receive reliable signals to support them in communication,
learning process, and getting updated information.

Il. LITERATURE STUDY

Horn Antenna has been used in many applications as a feed
element in ggrabolic antenna with wide diameter that usually
used in dio astronomy, satellite tracking, and
communication system found in all over the world [8][9]. Its
wide applications were caused by its simple construction,
easy to extracted, multi-function, high antenna gain, and the
whole performance is preferred [9].

This designed Horn Antenna has a quite narrow HPBW
(40%, narrower from previous HPBW research (90°)
conducted by Mahendra Singh Meena and Ved Prakash [1],
and narrower from HPBW (60° conducted by Stefania
Diana, Danilo Brizi, and Agostino Monorchio [2].
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A. Waveguide

Above 2 GHz, waveguides areﬂ]ort enough to allow
practical and efficient energy transfer in different ways [3]. A
waveguide is a conduction tube through which energy is
emitted in the form of electromagnetic waves. The tube acts
as a boundary that confines the waves in an enclosed space.
Figure 1 below shows the waveguide.

Figure 1. Dimensioﬂ, Y, and Z at a Rectangular Waveguide

Thgaraday cage effect prevents electromagnetic effects
from appearing outside the guide. The electromagnetic field
is propagated through the waveguide by reflection against its
inner wall, which is considered to be a perfect conductor. The
field intensity is very large at the center along the X
dimension, and must decrease to zero at the end of the wall
because the presence of any field parallel to the wall at the
surface can cause an infinite current to flow in a perfect
conductor.

There are many ways foﬂe electric and magnetic fields
to regulate themselves in a waveguide for frequencies above
the low cut-off frequency. Each field configuration is called a
mode. These modes can be separated into two groups. The
first, called TM (Transverse Magnetic), has a magnetic field
that is completely transverse to the direction of propagation,
but has an elegmic field component in the direction of
propagation. Thé®8ther type, called TE (Transverse Electric),
has an electric field that is completely transverse, but has a
magnetic field component igathe direction of propagation.

The mode of propagatio®s identified by a group of letters

followed by two nugsaers located below the line. For
example, TE10 TM11®c. The number of possible modes
increases with frequency for a given waveguide size, and
there is only one possible way, called dominant mode, for the
lowest frequency to be transmitted. On a rectangular
wavefront, the critical dimension is X. This dimension must
be more than 0.5 at the lowest frequency to be transmitted. In
practice, the Y dimension is usually made nearly equal to 0.5
X to avoid the possibility of operating at frequencies other
than the dominant mode. In this study we used the TE10
mode.
If thﬂaveguide is left open at one end, the waveguide
will radiate energy so that the waveguide can be used as an
antenna [5], not as a transmission path. This radiation can be
increased by forming a pyramid at the open end of the
waveguide so that it is in the form of a ‘tunnel’, therefore this
antenna is called a ‘tunnel’ antenna or better known as a Horn
Antenna which has a unidirectional radiation pattern [6]. But
in this study, we did not use a pyramidal ‘tunnel’. We do this
to get a radiation pattern that has a narrow HPBW.

B. Theoretical Basis

The wavelength of (1) Electromagnetic that propagates in
free space can be calculated using the following equation 1
[10]:
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1= (1)

where:
c: speed of light in free space (3x108 m/sec)
f: operation frequency (2.4 GHz)
A: wavelength in free space (m)

For rectangular waveguide in this research, we used TEio
mode. Cut-off frequency can be calculated using the
following equation 2 [9][10]:

1

fe= 2aiioto 2

where:

Ho: air permeability

&o: air permittivity

a: length dimension waveguide (X)

fe: cut-off frequency

The wavelength in waveguide can be calculated using
equation 3 [9][10]:

2= —— ()

where:
A: wavelength in free space
Ay cut-off wavelength (1, = 2X)
Ay: wavelength in waveguide

C. Antenna Measurement

There is an electromagnetic wave radimn pattern
difference between outside of the antenna whicl*®ivided into
two regions, the field near the antenna, called the “near field”
[4], or the Fresnel region, and the field at a distance from the
antenna, called the “far field”, or Fraunhofer region, as
shown in figure 2 below:

To
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Fresnel region
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or
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Fresnel - Fraunhofer
boundary sphere

@gure 2. Antenna Regions: Fresnel region and Fraunhofer region

The boundary between these two regions is spherical with
aradius in equation 4 [10]:
212

R= @)



where:
L: boundary sphere of antenna region
A: wavelength in free space
R: Fresnel and Fraunhofer border radius

In Fraunhofer region, the components of thgectric field (E)
and magnegs, field (H) are perpendicular to each other
(transverse)®&nd the shape of the field pattern is independent
of the radius (radius) at which the measurement is taken. In
the Fresnel region the field compon E and H change
considerably depending on the radiusi®&nd the shape of the
field pattern is a function of the radius [10].

I1l. RESEARCH METHOD

Our research to design a non-Pyramidal modeled
waveguide Horn antenna for WLAN 24 GHz
communication system is based on a standard scientific
methodology:

3.1. Literature Review

A literature study was conducted to collect related reading
materials from textbooks and journal articles which can be
used for theory and analysis. There were old textbooks had
been used as reference because of their main contribution to
the basic antenna measurement theories [9][10][11].

3.2. Analysis for Antenna Measurement

Analysis  was carried out wusing formula of
Electromagnetic wavelength, Cut-off frequency, and
Waveguide wavelength. Then an electromagnetic wave

jation pattern difference between outside of the antenna
aar field” or Fresnel region and “far field” or Fraunhofer
region) was calculated and set-up before measurement.

The antenna measurement used in this research is a
radiation pattern measurement to measure the Half-Power
Beamwidth (HPBW)

3.3. Antenna Design

Based on literature study and analysis, we designed a
Non-Pyramidal Waveguide Horn Antenna that form a
rectangular shape. To get the measurement result, we use
supporting device: smartphone and spectrum analyzer. We
did several observations for received power (dBm) and
normalized (dB).

IVV. RESULT AND DISCUSSION

The designed Horn antenna is very simple, has a
rectangular shape made from aluminum where one of its front
sides was open (no wall) and formed a ‘tunnel’ as described
in the following figure 3:

The Horn Antenna has length (dimension Z) 20 cm, width
(dimension X) 10 cm, and height (dimension Y) 5 cm. Based
on (1) we could calculate the wavelength in free space A =
12.5 cm, while the cut-off wavelength (1, = 2X) was 2 x 10
cm = 20 cm. Then refers to (3) we had wavelength in
waveguide 44 = 16 cm. This means that the length of the
designed antenna (20 cm) is 1.25 A,. It was concluded that
this length of our designed antenna was enough for
electromagnetic wave propagation in waveguide.
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Figure 3. Horn Antenna

The antenna measurement we used in this research is a
radiation pattern measurement to measure the Half-Power
Beamwidth (HPBW) because the goal for using this antenna
is to avoid the reflection wave from the laboratory walls and
devices inside the laboratory [7]. The radiation pattern
measurement configuration can be seen in this following
figure 4:

Figure 4. Radiation Pattern Measurement Configuration

We chose 2 meters for the distance between transmitter
antenna and receiver, while the boundary between the Fresnel
and Fraunhofer regions was based on equation (4), where L =
25 cm (the length of the antenna diagonal) and the
wavelength in free space = 12.5 cm, the radius R = 1 m will
be obtained. So, our measurements are already in the "far

icld" of the antenna, in the Fraunhofer region, where the

mponents of the electric (E) and magnetic (H) fields are

perpendicular to each other (transverse), and the shape of the
field pattern is independent of radius again.

As a transmitter we used TP-Link TL-MR3420 access
point, and as a receiver we used Rohde & Schwarz Spectrum
Analyzer FSL18 to measure the received signal power.

Measurement has been done by rotating the Horn Antenna
in 0°, 10°, 20°, ....., 360° angles at two polarization fields,
i.e. azimuth field and elevation field [9][10].



The measurement results for the received signal power in
azimuth field and elevation field are shown in table 1:

Table 1: Power Pattern in Azimuth Field and Elevation Field

Azimuth Elevation
Dir([ef]tion R;gs\i’\éle'd Nor[rg;l]ized Dirt[eoc]tion R;gs\il\elid Nor[rggl]ized
[dBm] [dBm]
0° -62.16 0 0° -61.87 0.00
10° -62.71 -0.55 10° -62.18 -0.31
20° -64.64 -2.48 20° -63.95 -2.08
30° -68.35 -6.19 30° -66.77 -4.90
40° -70.85 -8.69 40° -70.70 -8.83
50° -72.23 -10.07 50° -65.97 -4.10
60° -71.36 -9.2 60° -65.39 -3.52
70° -71.3 -9.14 70° -68.23 -6.36
80° -70.9 -8.74 80° -68.51 -6.64
90° -70.45 -8.29 90° -69.88 -8.01
100° -66.68 -4.52 100° -64.99 -3.12
110° -65.56 -34 110° -64.15 -2.28
120° -66.14 -3.98 120° -66.06 -4.19
130° -71.55 -9.39 130° -69.40 -7.53
140° -66.82 -4.66 140° -66.52 -4.65
150° -66.4 -4.24 150° -64.95 -3.08
160° -65.06 -2.9 160° -64.82 -2.95
170° -67.69 -5.53 170° -68.65 -6.78
180° -65.23 -3.07 180° -70.02 -8.15
190° -65.38 -3.22 190° -67.58 -5.71
200° -65.23 -3.07 200° -65.37 -3.50
210° -65.18 -3.02 210° -63.36 -1.49
220° -66.56 -4.4 220° -64.35 -2.48
230° -71.33 -9.17 230° -68.13 -6.26
240° -68.8 -6.64 240° -70.77 -8.90
250° -65.72 -3.56 250° -70.96 -9.09
260° -65.4 -3.24 260° -68.98 -7.11
270° -69.08 -6.92 270° -67.98 -6.11
280° -68.13 -5.97 280° -68.79 -6.92
290° -70.14 -7.98 290° -73.54 -11.67
300° -68.02 -5.86 300° -70.09 -8.22
310° -67.81 -5.65 310° -65.85 -3.98
320° -71.03 -8.87 320° -66.82 -4.95
330° -67.25 -5.09 330° -74.22 -12.35
340° -65.31 -3.15 340° -65.46 -3.59
350° -63.98 -1.82 350° -61.97 -0.10

The Half-Power Beamwidth (HPBW) measured
normalized received signal power was half of the received
maximum power, or -3 dB [9][10]. From table 1 it is seen that
in azimuth field, angle 20° and 340° the received signal
power approaches -3 dB, so we concluded that the antenna

HPBW in azimuth field is 40°.

in

The radiation pattern in azimuth field is described in this

following figure 5:
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Figure 5. Radiation Pattern in Azimuth Field

Figure 5 shows the Main Lobe is occurred in 0 dB
maximum received power, in 0° angle. Side Lobe is occurred
in 110° 160° 210° and 260° angles that caused by
multi-reflections from walls and devices inside the laboratory
room, that is also occurred for Back Lobe in 180° angle.

In elevation field, angle 20° and 340°, the received signal
power approaches -3 dB, so we concluded that antenna

W in elevation field is 40°.
e radiation pattern in elevation field can be seen in this
figure 6:
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Figure 6. Radiation Pattern in Elevation Field

Figure 6 shows that Main Lobe is occurred in 0° angle.
Side Lobe is occurred in 60°, 110°, 160°, 210°, 270°, and 310°
angles caused by multi-reflections from walls and devices
inside the laboratory room.

The measurement results confirm that our designed Horn
Antenna has better performance of HPBW (40°), narrower
from previous HPBW research (90°) conducted by Mahendra
Singh Meena and Ved Prakash [1], and narrower from
HPBW (60°) conducted by Stefania Diana, Danilo Brizi, and
Agostino Monorchio [2].



V. CONCLUSION

The new waveguide Horn antenna with non-Pyramidal
model can be proposed for WLAN 2.4 GHz communication
system, which is applicable as a transmitter antenna or
receiver antenna.

The measurement results and antenna prototype have been
informed in this research and the effect of Horn Antenna
parameter in the received radiation pattern also has been
analyzed and suitable for unidirectional antenna application
for WLAN system antenna measurement.

Both in azimuth field or elevation field,®e radiation
pattern of the proposed antenna fulfills the requirement of 2.4
GHz for WLAN operation. This Horn Antenna has HPBW
400 in azimuth field and HPBW 40° in elevation field that can
overcome the occurring of small-scale fading caused by
reflections of walls and devices inside Telecommunication
laboratory room.

The usage of this Horn antenna in WLAN system antenna
measurement can be used as an alternative replacement for
the usage of anechoic chamber that usually costly, and also
alternative design for reliable communication system.

Future works can be conducted for designing a long
‘tunnel’ rectangular shape to achieve narrower HPBW and
just very few reflections that perfectly generate a strong
signal strength.

ACKNOWLEDGMENT

Author wants to thank the co-author for her great effort in
helping conducting the Horn nna measurement in
Telecommunication Laboratory, “Zlectrical Engineering
Study Program, Faculty of Engineering Universitas Katolik
De La Salle Manado.

2" AIC 2020

QEFERENCES

[1] M. Meena and V. Prakash, “Simulation Results of Rectangular Horn
Antenna,” International Journal of Engineering and Technology.
vol.3, pp. 171-179 8. 0

[2] S. Diana, D. Brizi®. Ciampalini, G. Nenna and A. Monorchio,
Compact Double-Ridged Horn Antenna for Ultra-Wide Band
Microwave aging," IEEE Open Journal of Antennas and
Propagatio 1.2, pp. 738-745, 2021.
doi: 10.11 JAP.2021.3089028.

[3] L. Daniyar®®E., Opara, B. Okere, N. Aliyu, N. Ezechi,, J. Wali, J.
Adejoh, K. Eze, J. Chapi, J. Chukwunonyerem and O. Adeshina. Horn

tenna Design: The Concepts and Considerations, 2014.

[4] &7 D’ Agostino, F. Ferrara, C. Gennarelli, R. Guerr M. Migliozzi
and G. Riccio, "A Us| ampling RepresentatioN®®r Mapping the
Antenna Near-Field," EE Open Journal of Antennas and
Propagation, vol.2, pp.709-717, 2021.

i: 10.1109/0JAP.2021.3085508.

[5] . Bala and G. Saini, “Optimization of Horn Antenna using Various
Techniques: A Review,” International journal of advanced research in
electrical, electronics and instrumentation engineering, vol.5,
pp.7806-7809, 2016. &

[6] P. Bhagwat, and T. Raikwar, view on High Gain Conical Horn
Antenna for Short-Range Communications,” International Journal of
Engineering Research and Applications, vol.3, pp.136- 2013.

[71 A.S. Wardhana, T.A. Riza and Y. Wahyu, “Perancanga®®#n Realisasi
Antena Horn Conical paf rekuensi 4-18 GHz untuk Electronic
Support Measures,” Metri Proceeding of Engineering, vol. 2, No.
3, him. 1-8, 2015. @e

[8] B. Sukarta, A. Hidayat, S.T.A. Munawar dan |. Pratiwi, sain
Simulasi Antena Horn Conical Frekuensi 7,8-8,5 GHz,” Seminar

sonal Penginderaan Jauh, him. 92-97, 2016.

[9] lanis, Antenna Theory, John Wiley & Sons, 2005.

[10 . Kraus, Antennas, McGraw-Hill Book Company, 1950.

[1lm. Rappaport, Wireless Communications Principle and Practice, 2™
ed., Prentice Hall, 2001.



7 turnitin

® 23% Overall Similarity
Top sources found in the following databases:

* 18% Internet database

» Crossref database

* 19% Submitted Works database

TOP SOURCES

The sources with the highest number of matches within the submission. Overlapping sources will not be
displayed.

w3shool.blogspot.com

Internet

coursehero.com

Internet

docplayer.net

Internet

University of Johannsburg on 2019-10-17

Submitted works

naun.org

Internet

University of Kent at Canterbury on 2020-04-17

Submitted works

University of Sheffield on 2021-05-07

Submitted works

journal.maranatha.edu

Internet

* 6% Publications database

Similarity Report ID. 0id:27350:10149107

» Crossref Posted Content database

6%

2%

2%

<1%

<1%

<1%

<1%

<1%

Sources overview


https://w3shool.blogspot.com/p/internet.html
https://www.coursehero.com/file/5959278/ieee-template/
http://docplayer.net/38069790-Long-round-trip-time-rtt.html
http://www.naun.org/main/NAUN/mcs/2017/a422002-024.pdf
https://journal.maranatha.edu/index.php/ice/article/download/3550/1889/

7 turnitin

©®© 6 6 © 6 6 6 6 © 6 6 ©

Stefania Diana, Danilo Brizi, Chiara Ciampalini, Guido Nenna, Agostino ...

Crossref

F. DrAgostino, F. Ferrara, C. Gennarelli, R. Guerriero, M. Migliozzi, G. Ri...

Crossref

Visvesvaraya Technological University on 2014-11-06

Submitted works

cot.unhas.ac.id

Internet

doaj.org

Internet

ejournal.unikadelasalle.ac.id

Internet

Universiti Teknologi Malaysia on 2015-01-06

Submitted works

UIN Maulana Malik Ibrahim Malang on 2020-03-15

Submitted works

Universiti Teknologi Malaysia on 2015-05-30

Submitted works

Kuala Lumpur Infrastructure University College on 2018-02-19

Submitted works

openlibrary.telkomuniversity.ac.id

Internet

kclpure.kcl.ac.uk

Internet

Similarity Report ID. 0id:27350:10149107

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

<1%

Sources overview


https://doi.org/10.1109/OJAP.2021.3089028
https://doi.org/10.1109/OJAP.2021.3085508
https://cot.unhas.ac.id/journals/index.php/epiije/issue/download/88/EPI-IJE%20Vol.%203%20No.%202%20Full
https://doaj.org/article/92948f1570814caa96942c15d6871fe1
https://ejournal.unikadelasalle.ac.id/realtech/article/download/118/47/
https://openlibrary.telkomuniversity.ac.id/catalogue/2017.html
https://kclpure.kcl.ac.uk/ws/files/2925821/DX209288.pdf

?_I turnitinﬁ Similarity Report ID. 0id:27350:10149107

© 6 6 6 06 6 6 6 6 0 o0

scribd.com <1%
Internet
Julie Cynthia Rante, Alexander Patras, Lianly Rompis. "Design of a Sola... <1%
Crossref ’
Lanny Sitanayah. "Robust Sensor Network Deployment with Priority Ba... <1%
Crossref ’
University College London on 2011-08-31 <1%
Submitted works ’
University of Northumbria at Newcastle on 2009-04-29 <1%
Submitted works ’
ijeat.org <1%
Internet
osapublishing.org <1%
Internet
Kandi Rahardiyanti, Fitri Yuli Zulkifli, Eko Tjipto Rahardjo. "Design of Co... <1%
Crossref ’
University of Stellenbosch, South Africa on 2019-11-25 <1%
Submitted works ’
journalofbabylon.com <1%
Internet
repository.telkomuniversity.ac.id o
<1%

Internet

Sources overview


https://www.scribd.com/document/384753087/01-Topik-1-Teknologi-Sensor-Dan-Stasiun-Bumi-Penginderaan-Jauh-to-PDF-Hal-1-97
https://ieeexplore.ieee.org/document/8605260/
https://ieeexplore.ieee.org/document/8534903/
https://www.ijeat.org/wp-content/uploads/Souvenir_IJEAT_Volume-9_Issue-1_October_2019.pdf
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-19-16-14929
https://doi.org/10.1109/ICRAMET51080.2020.9298634
https://journalofbabylon.com/index.php/JUBES/article/download/1203/952/2049
https://repository.telkomuniversity.ac.id/home/information/id/44.html

