P
% aerospace
% P

Article

A Study for a Radio Telescope in Indonesia: Parabolic Design,
Simulation of a Horn Antenna, and Radio Frequency Survey in
Frequency of 0.045-18 GHz

Peberlin Parulian Sitompul !, Pakhrur Razi %*, Timbul Manik !, Mario Batubara !, Musthofa Lathif 10,

Farahhati Mumtahana 1, Rizal Suryana

check for
updates

Citation: Sitompul, PP.; Razi, P.;
Manik, T.; Batubara, M.; Lathif, M.;
Mumtahana, F; Suryana, R.; Huda,
LN.; Hidayat, T.; Taryana, Y.; et al. A
Study for a Radio Telescope in
Indonesia: Parabolic Design,
Simulation of a Horn Antenna, and
Radio Frequency Survey in Frequency
of 0.045-18 GHz. Aerospace 2024, 11,
52. https://doi.org/10.3390/
aerospacel1010052

Academic Editor: Paolo Tortora

Received: 13 November 2023
Revised: 19 December 2023
Accepted: 21 December 2023
Published: 4 January 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1@, ITbnu Nurul Huda 3, Taufiq Hidayat %, Yana Taryana > and Farhan Sobirin ©

Research Center for Space, National Research and Innovation Agency (BRIN), Bandung 40135, Indonesia;
pebe001@brin.go.id (P.P.S.); timbul.manik@brin.go.id (T.M.); mario.batubara@brin.go.id (M.B.);
must009@brin.go.id (M.L.); fara006@brin.go.id (EM.); riza002@brin.go.id (R.S.)

Center of Disaster Monitoring and Earth Observation, Physics Department, Faculty of Mathematics and
Natural Sciences, Universitas Negeri Padang, Padang 25111, Indonesia

Research Center for Computing, National Research and Innovation Agency (BRIN), Bogor 40135, Indonesia;
ibnu010@brin.go.id

*  Faculty of Mathematics and Natural Sciences (FMIPA), Institut Teknologi Bandung, Bandung 40132,
Indonesia; taufiq@as.itb.ac.id

Research Center for Telecommunication, Bandung, National Research and Innovation Agency (BRIN),
Bandung 40135, Indonesia; yana004@brin.go.id

Electrical Department, General Ahmad Yani University, Cimahi 40531, Indonesia

*  Correspondence: fhrrazi@fmipa.unp.ac.id

Abstract: After years of preparation, the Indonesia National Observatory, located in Mount Timau,
Kupang Regency, is currently in the completion stage of research in astronomy and astrophysics
and related subjects. An optic telescope with a 3.8 m diameter is expected to receive its first light
in mid-2024. A feasibility study for Indonesia’s radio telescopes and networks is in progress. A
single-dish parabolic radio antenna with a diameter of 20 m is proposed to work in a frequency range
of 1-50 GHz. An array dipole antenna with an area of 100 m x 100 m will also be installed at a
70-350 MHz frequency. A feasibility study about system design is in progress, and a radio frequency
interference (RFI) survey has been underway since 2014. In this paper, we described the design of
radio telescopes such as parabolic reflectors, horn antenna, and the radio frequency interference (RFI)
in the surrounding area of the National Observatory, covering the frequency band from 45 MHz
to 18 GHz. The frequencies in 45-85 MHz and 120-360 MHz intervals are still relatively quiet and
suitable for developing radio telescopes. The selected higher frequency of 1.4 GHz for a neutral
hydrogen (HI) spectral line, 6.6 GHz for a methanol (CH3OH) spectral line, and 8.6 GHz for a helium
(3 He+) spectral line is still relatively quiet and suitable for the development of radio telescopes.

Keywords: observatory; radio telescope; antenna; radio astronomy; radio frequency survey

1. Introduction

In order to keep up with global advancements in astronomy, Indonesian astronomers
have dedicated themselves to studying the development of new astronomical facilities.
They have identified potential locations in southeastern Indonesia where the sky and
climate support astronomical observations [1]. Previous surveys have been performed for
radio telescope development in a frequency range from low to 8 GHz [2,3].

Recently, Indonesia has been developing the Indonesia National Observatory near
Timau Mountain, in the Kupang area, in the province of East Nusa Tenggara for astronomy
and astrophysics research. An optical telescope with a 3.8 m diameter is under construction
and will be in operation by mid-2024. In addition, a single-dish parabolic radio antenna
of the 20 m class and an array of dipole antennas of 100 m x 100 m will be installed
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near the optical telescope as shown in Figure 1. The development of radio telescopes
in the National Observatory is necessary for supporting multiwavelength observations.
Meanwhile, radio telescopes in Indonesia will significantly improve the quality of radio
telescope networks, such as Very Long Baseline Interferometry (VLBI) [4]. In paper [5], we
have studied the possibility of these radio telescopes contributing to various aspects of
astronomical research, such as monitoring solar activity, observing active galactic nuclei,
and monitoring masers. These telescopes can operate as a single dish or join a network
such as VLBI. Besides astronomical purposes, these radio telescopes have a role in other
scientific domains. For instance, it is well known that a network of radio telescopes can
be used to monitor tectonic plate motion [6,7], monitor earth orientation parameters [8,9],
estimate atmospheric parameters [10,11], prove the theory of general relativity [12,13], and
support ground stations for tracking satellites [14]. Table 1 shows the possible scientific
aims for parabolic and dipole antennas in the Indonesia National Observatory.
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Figure 1. The location of the Indonesia National Observatory and instruments plan at Mount Timau,
at longitude (E) 123°56'48.5”, latitude (S) 9°35'50.2”, and altitude 1352 m [15].

Table 1. Example of possible scientific goals using the future parabolic and dipole antennas in the
Indonesia National Observatory.

Instrument Frequencies Scientific Goals
2-8 GHz Geodesy and atmosphere
Paraboli 1-43 GHz Active galactic nuclei
arabolic antenna 6/22/43 GHz Masers
1-2 GHz Pulsars
divole antenna 200-350 MHz Hydrogen line and cosmology
P ~200 MHz Satellite tracking and space debris

Therefore, the single-dish parabolic radio antenna is proposed to be installed at a
1-50 GHz frequency, whereas the array of dipole antennas will work at a 70-350 MHz
frequency range. At frequencies above approximately 10 GHz, atmospheric effects are
a dominant factor in selecting a site for radio astronomy. Commonly, Indonesia has
high rain, which affects radio telescope performance. Site evaluation for an astronomical
observatory in Indonesia has been conducted as a feasibility study for a new observatory
with a radio telescope of 70-350 MHz and 1-50 GHz. The atmospheric condition in terms
of apparent sky fraction has been reported recently in [1], suggesting that East Nusa
Tenggara’s regions in southeastern Indonesia are the most promising candidates for such
an astronomical observatory.

A frequency below 2 GHz is the most robust consideration for many applications such
as radar, radio communication, and radio broadcasting. For example, a radio telescope
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that can effectively be used in the European VLBI network, at 30—40 m in diameter with
a frequency of at least 1.4-32 GHz broadband, has been constructed in the case of the
Westerbork Synthesis Radio Telescope, which has two circular multi-frequency front ends
(MFFEs) that have receivers at 3.6, 6, 13, 49 cm, and 92 cm [16,17]. We considered population
density distribution and meteorological conditions to determine the candidate sites.

Note that a radio telescope is a receiver system that is more sensitive than the radio
communication receivers used for telecommunications. A radio quiet zone for radio
astronomy observations is needed to manage radio interference from man-made sources,
intentional or unintentional.

For optimizing radio astronomy observations, particularly at advanced, costly, and
sensitive modern facilities, radio quiet zones (RQZs) have been implemented by some
administrations. An RQZ is meant to be any recognized geographic area within which
the usual spectrum management procedures are modified to reduce or avoid interference
with radio telescopes, thereby maintaining the required standards for the quality and
availability of observational data [18]. The radio quiet zone for the National Observatory is
planned within 25 km, which will be discussed in Section 3.2. The regulation of a radio
quiet zone will be discussed with Kemkominfo, a national regulator for the use of spectrum
radio frequencies. A radio frequency survey must be done regularly to monitor radio
frequency occupancy.

2. System Design and Radio Frequency Survey (RFS) Measurement
2.1. Reflector and Horn Antenna Design

The height of the parabolic antenna is 26 m, the diameter of the parabolic is 20 m,
and the antenna uses a corrugated horn antenna. A detailed design of the radio telescope,
parabolic design, and horn antenna design are shown in Figure 2. The main parameters of
the radio telescope design are shown in Table 2.
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Figure 2. Design of radio telescope, design of parabolic, design of horn antenna.
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Table 2. Main parameters of the radio telescope design.

No. Parameter Value Unit (mm);(m)
1. Diameter of bottom horn antenna (D) 20 mm
2. Diameter of top horn antenna (D) 41 mm
3 ?Lelnitli;;f top and bottom horn antenna 13 .

4. Thickness of horn antenna () 10 mm
5. Diameter of main reflector (D) 20 m
6. Depth of main reflector (d;) 6 m
7. Diameter of sub-reflector is Dy, 2 m
8. Focal ratio (F1/Dyp) 0.36
9. Diameter of subreflector (Dy,), 2.2, m

Depth of subreflector (dj) 0.49
10. Magnification of dual reflector system 1.39
11. Subreflector eccentricity 6.128

2.2. Frequency Plan for Spectral Line Observations

The radio telescope will detect spectral lines with a selected object, such as a hydrogen
spectral line at a frequency of 1.42 GHz, a spectral line of methanol at a frequency of
6.66 GHz, a spectral line of helium at a frequency of 8.66 GHz, a spectral line of water
vapor at a frequency of 22.23 GHz, and a spectral line of silicon monoxide at a frequency of
43.12 GHz. A detailed plan of this frequency is shown in Table 3.

Table 3. Plan of radio frequency for radio astronomy at frequencies below 50 GHz.

No Substance Center Frequency Minimum Band (MHz/GHz) BW (MHz)
1. Hydrogen (HI) 1420.406 MHz 1370.0-1427.0 MHz 13.4

2. Methanol (CH3OH) 6668.518 MHz 6661.8-6675.2 MHz 13.4

3. Helium (3 He+) 8665.650 MHz 8657.0-8674.3 MHz 17.3

4. Water vapour (H;O) 22.235 GHz 22.16-22.26 GHz 100

5. Silicon monoxide (SiO) 43.122 GHz 43.07-43.17 GHz 100

2.3. Radio Frequency Survey

The antenna for this survey uses a broadband horn antenna, model OBH-10180,
and the spectrum analyzer used is the Keysight N9937A Fieldfox Handheld Microwave
Spectrum Analyzer, with a maximum frequency of up to 18 GHz. The horn antenna is from
1 to 18 GHz, featuring linear polarization and a typical value gain of 11 dBi, with an antenna
size of 160 mm X 241 mm X 204 mm. The antenna used for below 1 GHz is a standard
dipole antenna. The survey was done on 4-9 November 2021 and 15-22 February 2022, in
the morning, during the day, and at night. A photo of the antenna and spectrum analyzer
is shown in Figure 3 and basic parameters of the Keysight N9937A Fieldfox Handheld
Microwave Spectrum Analyzer are shown in Table 4.

In this survey, the direction of the antenna is in five (5) directions, east west, north
south, and vertical direction, to find the direction of radio sources. The survey was done on
the observatory site with terrain, as shown in Figure 4.
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Figure 3. Photo of measurement site (left), horn antenna (middle), and spectrum analyzer (right).

Table 4. Basic measurement parameters selected for the spectrum analyzer.

No Parameters Value
1 Operational frequency 0.045-18 GHZ
2 Resolution bandwidth (RBW) 3 KHz
3. Video bandwidth (VBW) 3 KHz
4. RF attenuation 0dB
5 Pre-amp Off
6 External gain 0dB

7 ) ﬁk 14 L

Figure 4. Photo of the terrain of the National Observatory site by Google Maps.

Figure 5 shows the measurement point (symbol: star) and location of the base
transceiver station (symbol: point) near the National Observatory. It is possible to in-
terfere with the signal of the radio telescope in a radius of 25 km, beside the FM radio
transmitter at a distance of 70 km in Kupang city.
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Figure 5. Location of measurement point and base transceiver station near the Indonesian National
Observatory in a radius of 25 km, in East Nusa Tenggara province.
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3. Results and Analysis
3.1. Simulation Result of Horn Antenna and Analysis

Due to the limitations in the number of spectrum analyzer units and the heavy terrain
of the measurement sites, data collection cannot be carried out simultaneously, on the same
frequency, at the same time, at different locations. Ideally, data collection is taken simul-
taneously at several measurement points. So, in this paper, the results of measurements
at the site of the National Observatory and other locations at different times are seen and
compared. This measurement result is significant for determining the radio quiet zone
(RQZ) around the radio telescope that received weak radio waves generated by space ob-
jects. Northeast of the observatory is Dilli, Timor Leste, around 260 km away, and Darwin,
Australia, around 800 km in a southeastern direction. That is a possible location for sources
of the ground radio transmitters.

The critical parameter for a radio telescope with a parabolic reflector is high directivity
and low back side lobe. Figure 6 shows the directivity and radiation pattern of the horn
antenna. Antenna directivity at a frequency of 22 GHz for a spectral line of water vapor
is around 18.6 dB, a relatively low side lobe is around —10 dB, and the half-power beam
width is less than 10 degrees. Low amplitude in the side lobe is crucial to reduce noise from
the ground and other directions.

Type Farfield
Approsimation  enabled (kR >> 1)
Monitor eld (f=22) 1]
Component ~ Abs

Ouput Directity
Frequency 22

Rad effic. 0111108

Tot. effc 011008

Dir. 1860 Bi

Figure 6. Directivity and radiation pattern.

Figure 7 shows the return loss of the horn antenna. In this simulation, the horn antenna
has a wideband from 15-40 GHz with a return loss lower than —10 dB, and the lowest
return loss is on a frequency of around 23 GHz with a value of —80 dB. The wideband
of the return loss of the antenna is very important in radio telescopes for flexibility of
frequency observation.

S-Parameters [Magnitude in dB]
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;j:;f\;;;_;;;;;;; w
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Figure 7. Return loss (s11) of antenna at 15-40 GHz.

Figure 8 shows the impedance of the horn antenna. In this simulation, the horn
antenna has an impedance in a frequency range from 20 to 40 GHz of around 50-55 Ohm.
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The wideband impedance of an antenna is essential in radio telescopes to reduce the loss of
radio energy and to ensure the flexibility of frequency observations.

V/A Matrix Coefficients in Z [Magnitude in dB]

—1,1

55 R
il |

—

15 20 25 30 35 40
Frequency / GHz

Figure 8. Impedance of antenna at a frequency of 15-40 GHz.

3.2. Radio Survey Result and Analysis

The results of the radio measurement surveys and analysis, from frequencies of
45 MHz to 18 GHz, are presented and carried out at the National Observatory and its
surroundings up to 25 km.

3.2.1. Frequency of 45-120 MHz

The 45-120 MHz range is the lowest frequency in this measurement. A significant RFI
in this band originates from radio broadcasts for frequency modulation (FM) radio in the
88-118 MHz range, with amplitude varying from 20 to 30 dB above the noise floor. There
are 10 radio broadcasts having the dominant amplitude. At a frequency of 72 MHz, we
detect a signal with a power intensity up to 23 dBm. A frequency between 75 and 88 MHz
and 105 and 120 MHz is quiet.

The details of this band are shown in Figure 9a. At frequencies 50-65 MHz, a signal
is generated by electricity by a generator set. Radio signal is commonly transmitted from
Kupang city at the southern side of the observatory. Figure 9b shows the radio frequency
survey at a radius of 10 km in the northern side (R10N) of the National Observatory
on 17 February 2022. No signal is detected, except at a frequency of 90.93 MHz with a
power spectral intensity around 5 dBm. The different colors, in all figure below show the
instantaneous power spectral intensity at short period, around 3-5 times in one day.

Radio Frequency Survey
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06/11/2021 10:59 == 06/11/2021 22:48

(a)

Figure 9. Cont.
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Figure 9. (a) Radio frequency survey in a frequency range of 45-120 MHz, at the center of the National
Observatory, on 6-9 November 2021. (b) Radio frequency survey in a frequency range of 45-120 MHz,
in R10N, on 17 February 2022.

3.2.2. Frequency of 120-200 MHz

Figure 10a shows the radio frequency survey at the observatory site on 6 November
2022. Four (4) signals are detected, at frequencies of 144 MHz, 150 MHz, 168 MHz, and
192 MHz, with a power spectral intensity varying around 5-10 dBm. Figure 10b shows the
radio frequency survey at a radius of 10 km in northern (R10N) on 17 February 2022. There
is no signal detected in this frequency interval.
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Figure 10. (a) Radio frequency survey in a frequency range of 120-200 MHz, at the observatory site,
on 6 November 2021. (b) Radio frequency survey in a frequency range of 120-200 MHz, in R10N, on
17 February 2022.
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3.2.3. Frequency of 200-350 MHz

Figure 11a shows the radio frequency survey at the observatory site on 6 November
2022 at a 200-350 MHz frequency. Two (2) short signals are detected, at a frequency
of 215 MHz and 300 MHz, in an amplitude varying around 8-14 dB. This frequency is
commonly used for radio navigation for flight and maritime applications [19]. Figure 11b
shows the radio frequency survey at a radius of 10 km in northern (R10N) on 17 February
2022. There is no signal detected in this frequency interval.

Radio Frequency Survey
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300.125;-91.9987717
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Figure 11. (a) Radio frequency survey in a frequency range of 200-350 MHz, at the observatory site,
on 6 November 2021. (b) Radio frequency survey in a frequency range of 200-350 MHz, in R10N, on
17 February 2022.

~— 1st Measurement 2nd Measurement

3.2.4. Frequency of 350-680 MHz

Figure 12a shows the radio frequency survey at the observatory site on 6 November
2022 at a 200-350 MHz frequency. There are no signals detected in this frequency interval.
Figure 12b shows the radio frequency survey at a radius of 10 km in northern (R10N) on 17
February 2022. There is no signal detected in this frequency interval.
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Figure 12. (a) Radio frequency survey in a frequency range of 350-680 MHz, at the observatory site,

1st Measurement 2nd Measurement

on 6 November 2022. (b) Radio frequency survey in a frequency range of 350-680 MHz, at R10N, on
17 February 2022.

3.2.5. Frequency of 680-800 MHz

Figure 13a shows the radio frequency survey in the 680-800 MHz frequency range.
In this interval frequency, there is no radio wave detected. Figure 13b shows the radio
frequency survey in the 680-800 MHz frequency range. In this interval frequency, there is
no radio wave detected.
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Radio Frequency Survey
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Figure 13. (a) Radio frequency survey in a frequency range of 680-800 MHz, at the observatory site,
on 5-9 November 2021. (b) Radio frequency survey in a frequency range of 680-800 MHz, on 19
February 2022.

3.2.6. Frequency of 800-960 MHz

In this interval frequency of 800-960 MHz, this band is used to observe the redshifted
lines emitted by extragalactic sources. The spectrum analyzer was set for a resolution
bandwidth (RBW) of 30 KHz and a noise floor of —100 dBm. The frequency allocations in
this band are mainly for mobile communication and fixed wireless. The signal is detected
at a frequency of 881 MHz, with a power spectral intensity of around 26 dBm at a frequency
of 888 MHz, and 893 MHz has a power spectral intensity of around 50 dBm and 14 dBm
above the noise floor, respectively, as shown in Figure 14a.

Frequencies in the range of 800-960 MHz, at a location 1 km to the west (R1W) of the
center of the National Observatory, are shown in Figure 14a. In this band, we detect the
signal at 885 MHz and 888 MHz, with a power spectral intensity of 9 dBm and 32 dBm,
respectively. We also detect a signal at frequency 935 MHz with a power spectral intensity
of 11 dBm above the noise floor.

Frequencies in the range of 800-960 MHz, at a location 10 km to the east (R10E) of the
center of the National Observatory, are shown in Figure 14c. In this band, we detect the
signal in 880 MHz and 888 MHz, with a power spectral intensity of 22 dBm and 19.5 dBm,
respectively. We also detect signals at frequency 935.2 MHz and 938 MHz with a power
spectral intensity of 11 dBm and 16 dBm above the noise floor, respectively.

Radio Frequency Survey
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Figure 14. Cont.
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Figure 14. (a) Radio frequency survey in a frequency range of 800-960 MHz. (b) Radio frequency

1st Measurement

survey in a frequency range of 800-960 MHz, R1W, on 20 February 2022. (c) Radio frequency survey
in a frequency range of 800-960 MHz, R10E, on 19 February 2022.

3.2.7. Frequency of 0.96-1.4 GHz

Frequencies in the 0.96-1.4 GHz range are relatively quiet, as shown in Figure 15a. In
this frequency interval, there is no allocation frequency for astronomy, except in a frequency
at 1.4 GHz for a spectral line of hydrogen. Figure 15b,c show the radio frequency survey in
the range of 0.96-1.4 GHz at a location radius of 10 km to northern (R10N) and a location
radius of 25 km to northern (R25N). The radio signal at this location is quiet.

3.2.8. Frequency of 1.4-3 GHz

Frequencies in the range of 1.4-3 GHz are relatively quiet at the observatory site, as
shown in Figure 16a, and at a radius of 10 km in northern (R10N), as shown in Figure 16b. In
this frequency interval, there is no allocation frequency for astronomy, except in a frequency
at 1400 MHz for a spectral hydrogen line.

3.2.9. Frequency of 3-8 GHz

The 3-8 GHz frequency range is relatively quiet, as shown in Figure 17a,b. We can see
that this frequency band is relatively quiet, both at the observatory location, as shown in
Figure 17a, and within a 10 km radius of the observatory (R10N), as shown in Figure 17b.
This result was confirmed at a radius of 10 km to the east (R10E), as shown in Figure 17c, at
a radius of 25 km to the east (R25E), as shown in Figure 17d, and at a radius of 25 km to
the north (R25N), as shown in Figure 17e. In this frequency interval, there is an allocation
frequency for astronomy, at a frequency of 6.668.5 GHz for a spectral line of methanol
(CH30H), as shown by the green bar line in Figure 17a,e.
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Figure 15. (a) Radio frequency survey in a frequency range of 0.96-1.4 GHz. (b) Radio frequency
survey in a frequency range of 0.96-1.4 GHz, at R10N, on 17 February 2022. (c) Radio frequency
survey in a frequency range of 0.96-1.4 GHz, at R25N, on 16 February 2022.
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Figure 16. (a) Radio frequency survey in a frequency range of 1.4-3 GHz, at the observatory site, on
19 November 2022. (b) Radio frequency survey in a frequency range of 1.4-3 GHz, at R10N, on 17
February 2022.



Aerospace 2024, 11, 52 14 of 19

Radio Frequency Survey

— 04112021 12:00 — 04112021 18:52 05,/11/2021 16:02 = 05112021 16:16

; : —— 08/11/2021 04:07
— 08/11/2021 16,35

(Powwer Bpectml Intensity ) dBm
e

(a)
Radio Frequency Survey

-40

R10N, 17-Feb-22

Power Spectral Intensity (dBm)

PP

-90 A A
T 7y "15’%‘»}‘#!.5 dhei N v“‘t"ﬁ't‘.&»‘.‘#‘fk R RS T
bR g
-100 r
3 33 4 43 5 33 6 6.3 7 73 8
Frequency (GHz)
Radio Frequency Survey
—40.
=
=
-"3 =50 1st Measurement 2nd Measurement 3rd Measurement 4th Measurement
Nt
2
‘?  —60.
B
2
=
=70
[
B
8 50
2: ;
% =, g
i i’ sl an
o _ . ) g e _:,‘,;:9,!,'/1;.»0'
g ™ PP RSRRTR W - T T e e
g ,'.‘4;"-").»‘;@,:’,“,‘4, “.v?:f.'w L e
-100.
3 315 4 45 5 55 6 6.5 7 75 8

Frequency (GHz)
()
Figure 17. Cont.



Aerospace 2024, 11, 52 15 of 19
Radio Frequency Survey
—40.
- 1st Measurement 2nd Measurement 3rd Measurement 4th Measurement
= -50.
g
Z -60.
2
8
=70,
g
3]
a
& -80.
8
3 Y
2 ac sall
no_' _90 i _— : p N 5 re
» 3 a faa » A hpn U ) s
ab A T J v v
/AR v v
—100.
3 35 4 45 5 55 6 6.5 7 75 8
Frequency (GHz)
Radio Frequency Survey
—60
—65. F 1st Measurement 2nd Measurement 3rd Measurement 4th Measurement Sth Measurement

Power Spectral Intensity (dBm)

3 35 4 45 5 5.5 6 6.5 7 7.5 8
Frequency (GHz)

(e)

Figure 17. (a) Radio frequency survey in a frequency range of 3-8 GHz, at the observatory site, on
17 November 2021. (b) Radio frequency survey in a frequency range of 3-8 GHz, at R10N, on 17
February 2022. (c) Radio frequency survey in a frequency range of 3-8 GHz, at R10E, on 19 February
2022. (d) Radio frequency survey in a frequency range of 3-8 GHz, at R25E, on 18 February 2022. (e)
Radio frequency survey in a frequency range of 8-13 GHz, at R25N, on 16 February 2022.

3.2.10. Frequency of 8-13 GHz

Frequencies in the range of 8-13 GHz are shown in Figure 18a—d. This result was also
confirmed at a radius of 10 km to the east (R10E), as shown in Figure 18c, and at a radius
of 25 km to the east (R25E), as shown in Figure 18d. There is an allocation frequency for
astronomy in this interval, at a frequency center of 8.665 GHz for a spectral line of helium
(3He+), as shown by the bar line in Figure 18a,b. In this frequency interval, there is no radio
signal detected.

3.2.11. Frequency of 13-18 GHz

Frequencies in the range of 13-18 GHz are shown in Figure 19a,b. Figure 19a shows
the radio frequency survey at the observatory site on 17 November 2021. Figure 16b shows
the radio frequency survey at a radius of 10 km to the north (R10N) on 17 February 2022.
There is no allocation frequency for astronomy in this interval. In this frequency band, the
occupancy is quiet.
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4. Conclusions

The horn antenna commonly has a high antenna gain and a low side lobe that is very
suitable for parabolic radio telescope antennas. We proposed a horn antenna design for the
radio telescope for a National Observatory with a small size of 114 mm and a diameter of
40 mm for a working frequency of 22 GHz. The simulation result of the horn antenna is
that the antenna gain is around 18 dB, antenna impedance is around 50 ohms, and return
loss is lower than —30 dB at 22-25 GHz.

The site for the radio telescope observatory needs a quiet zone to detect weak signals
from space objects. In this measurement, in intervals of high and very high frequencies of
45-85 MHz and 120-360 MHz, it is still relatively quiet and suitable for developing a radio
telescope. The selected higher frequency of 1.4 GHz for a neutral hydrogen (HI) spectral
line, 6.6 GHz for a methanol (CH30H) spectral line, and 8.6 GHz for a helium (3 He+)
spectral line is still relatively quiet and suitable for the development of a radio telescope.
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