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Abstract: We report on the measurements of radio frequency interference (RFI) at Mount Timau,
Kupang, Indonesia, which is intended to host a future radio astronomy observatory. These mea-
surements were taken twice in October 2020 and December 2020 to obtain the RFI environment, at
frequencies between 70 and 7000 MHz. Due to the limitations of the measurement data, the results
presented in this paper are based on peak detection rather than statistical analysis. Based on the
measurement results, the frequency interval between 70-88 MHz and 120-150 MHz is relatively quiet,
and the frequency range of 150-300 MHz is relatively clear. The frequency interval of 300 to 800 MHz
is relatively quiet, except at the frequency of 600 MHz. The frequency range of 800-1400 MHz is also
relatively quiet. The predominant terrestrial services in this band are at 840 MHz, with an amplitude
around 32 dB, and 916 MHz, with an amplitude around 12 dB, and the global system for mobile
(GSM) signals around 954 MHz have an amplitude around 20 dB above the noise floor. The frequency
range of 1400-7000 MHz is also relatively quiet. In this band frequency, we can see RFI at 2145 and
2407 MHz, emitted by local Wi-Fi, and at 2683 MHz, with amplitudes of 18, 40 and 15 dB, respectively,
from the noise level. We conclude that, for this period, the frequency band allocated for astronomy
can possibly be used for radio telescope development.

Keywords: radio frequency interference; radio astronomy; radio wave

1. Introduction

Presently, man-made radio frequency interference (RFI) is continuously increasing
in telecommunication systems, radar systems, radio navigation services etc. [1-4]. These
RFIs will affect the radio astronomy data obtained for astronomic research. For mitigation,
RFI detection is underway and mitigation methods are being planned, meaning that more
reliable measurements can be obtained.

Site evaluation for an astronomical observatory in Indonesia is being performed as
part of a feasibility study for a new radio telescope at a multi-wavelength radio frequency
observatory. The East Nusa Tenggara, located in southeastern Indonesia, holds the most
promising candidate locations for such an astronomical site, based on its clear sky frac-
tion [5]. The radio spectrum is becoming increasingly occupied, mainly at frequencies
below 2 GHz, most commonly by wireless communications [1]. As such, it is important
to conduct RFI measurements to ascertain the suitability of certain locations for a radio
telescope system. The measured data can be used as references for RFI measurements in the
future. For the present RFI measurement, we selected the frequency range used for radio
astronomy: in 70 MHz-7 GHz. Knowing the RFI conditions in several specified frequency
bands is very important, since this will provide information on its measured levels and the
procedure for its mitigation. It is also very useful for interpreting the corresponding data.

The RFI in our measurements could possibly be generated by television and radio
broadcasts, the global system for mobile (GSM) communication, amateur radio commu-
nication, automotive emissions, radio navigation, aeronautical radar, and so on [1-3]. In
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Indonesia, the regulations of frequency allocation are managed by the Ministry of Commu-
nication and Informatics [6,7]. Our measurements could be useful as a reference to check if
the frequency band allocations of the regulation office are really being followed. The policy
of radio frequency allocation is regularly reviewed by this ministry, and basically states
compulsory compliance to the International Telecommunication Union (ITU) recommen-
dation. This paper is organized as follows. An introduction is presented in Section 1. A
detailed description of the locations, instruments and methods involved in obtaining the
measurements is presented in Section 2. The measurement results and their analysis are
presented in Section 3, and the conclusions are given in Section 4.

2. The RFI Measurement
2.1. Location of RFI Measurement

The locations for radio telescopes are selected to be as far away as possible from
populated areas. Considering the meteorological conditions described in Ref. [5], the
location selected for our measurement is the Mount Timau area, which is a mountainous
site. The site where the construction of an optical telescope is now underway is shown
in Figure 1.
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Figure 1. Location of national observatory [8].

Figure 1. shows the location for RFI measurements—Timau Mount, at longitude
(E) 123°56'24.4", 1atitude (S) 9°35'4.9”, and altitude 1532 m.

2.2. Instruments for RFI Measurement

Two types of spectrum analyzers were used in this measurement: (1) Spectrum
MasterMS2721B, Anritsu Company, California, USA, working in the frequency interval
of 10-7100 MHz, for the measurements obtained in October 2020. (2) Spectrum Analyzer
DSA 815, Rigol Technologies Inc., Beijing, China, working in the frequency interval of
0.9-1500 MHz, with a displayed average noise level (DANL) of —136 dBm and a minimum
resolution bandwidth (RBW) of 100 Hz, for the measurements obtained in December 2020.
The antenna used in this work were log periodic antennas with a working frequency of
40-1800 MHz, and a dipole low-gain antenna. For the second measurement, we used a
preamplifier around 13 dB that was installed on the antenna boom, connected at around
3 m from the antenna connector output.

Commonly, RFI signals are polarized [8], so measuring the polarization of the RFI is
important. In this measurement, we also activated the pre-amplifier prepared inside the
spectrum analyzer. Photos of the measurement are shown in Figure 2, with two types of
spectrum analyzers—a log periodic and a dipole antenna.
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Figure 2. Photos of measurement: (a) Anritsu MS2721B; (b) log periodic antenna and pre amplifier;
(c) Rigol DSA 815.

In the measurement process, we applied the Square Kilometre Array (SKA) protocol, as
described in Ref. [9], as a guidance, although not always in the same way. The SKA protocol
covers a frequency range from 70 MHz to 22 GHz. The sensitivity of our measurement
system and the gain of the antennae were lower than that specified by the protocol, and
our measurement cycle was also shorter.

The SKA protocol divides the radio interference into two broad classes [9]: strong
radio interference and weak radio interference. Part of the specification for weak radio

inference, and the frequency interval commonly used for radio astronomy, are shown
in Table 1.

Table 1. Measurement cycle specified by the SKA protocol, for Mode 1 adapted from [9,10]. RBW:
minimum resolution bandwidth in KHz units.

Frequency Band RBW Frequency

(MHz) (KHz) (MHz) For Observation

Observation of the Sun, Jupiter,
10-150 3 38 interstellar medium and steep
spectrum sources

Sun, interstellar medium,
150-300 3 150-153 pulsar and continuum
observation

Sun, interstellar medium,
deuterium lines, steep
spectrum sources and pulsar

322-328.6, 406.1-410,

300-800 30 608-614
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Table 1. Cont.

Frequency Band RBW Frequency .
(MHz) (KHz) (MHz) For Observation
800-960 30 For observing re.dshlfted line
from extragalactic sources
1. Rest frequency of neutral
hydrogen (HI) at
1. 1420.4 1420.4 MHz
960-1400 1000 2. 1300-1400 2. Extragalactic HI and
recombination lines
observations
Neutral hydrogen (HI) at
1400-3000 30 1420.4 1420 4 MHz
1. 3252.9-3352.5 1.  Methyladyne (CH)
g 2. 4813.6-4834.5 2. Formaldehyde (H,CO)
3000-22,000 1000 3. 6661.8 3. Methanol (CH30H)
4. 4800-5000 4 Continuum observation

3. Results and Discussion

We took two measurements at Mount Timau, in October 2020 and December 2020, in
the night and the day time. The location was very close to the summit of Mount Timau.
For these measurements, we use a handheld spectrum analyzer with a dipole low-gain
antenna and a log periodic antenna. At the altitude of 1532 m above sea level, the line of
sight to Kupang City, a large city, is around 70 km, and that to Dili, Timor-Leste is around
200 km. These are possible strong emitters of the RFI that is picked up at the site. Here,
measurements were made to cover the radio frequency of 70-7000 MHz.

The measurement results are plotted in Figures 3—12 and are expressed as power
spectral intensity in dBm versus frequency in MHz. The analysis is also discussed below.

3.1. Band 1: 70-150 MHz

The 70-150 MHz range is the lowest frequency range assigned within the SKA protocol
and is referred to as Band 1. We can see from Figure 3, that terrestrial services contribute to
most of the RFI. A significant share of the RFI in this band originates from radio broadcasts
for frequency modulation (FM) radio, in the 88-118 MHz range, with amplitude varying
from 15 to 40 dB above the noise floor. The frequency between 70-88 MHz and 120-150 MHz
is relatively quiet.

Radio Frequency Interference (RFI) at National Observatorium Timau
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Figure 3. Results of a radio frequency survey at low frequencies between 70 and 150 MHz.
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3.2. Band 2: 150-300 MHz

At Mount Timau, Band 2, with the frequency range of 150-300 MHz, is relatively
clear, and there is no strong RFI in this band except at the frequency of 287 MHz, with an
amplitude of 6 dB above the noise floor. The vertical axis in Figure 4 depicts from —100 to
-80 dBm, in order to enhance the very weak signal at 287 MHz. However, the RFI signals at
260 MHz, from military geostationary satellites, are undetected, probably due to the low
sensitivity of our measurement equipment.

Radio Frequency Interference (RFI) at National Observatorium Timau

Power Spectral Intensity (dBm)

150 170 190 210 230 250 270 290
Frequency (MHz)

Figure 4. Results of radio frequency survey at low frequencies between 150 and 300 MHz.

3.3. Band 3: 300-800 MHz

The frequency interval of 300 to 800 MHz is very important for radio astronomy, as re-
gards observing the interstellar medium, the Sun, deuterium lines, steep spectrum sources,
and pulsars in the frequencies 322-328.6 MHz, 406.1-410 MHz, and 608-614 MHz [10,11].
However, these interval frequencies are also allocated for other science services, such as for
communication, and biomass and soil measurements by National Oceanic and Atmospheric
Administration (NOAA) [11]. We noticed that this band is busy in the frequency range of
336-554 MHz, at the average power spectral intensity of 8 dBm, and with the maximum
power spectral intensity of 15 dBm at 536 MHz. The RFI here is mostly caused by television
broadcasts, wireless communication and land mobile communication [6,7]. In the manual
of Indonesian frequency allocation [6,7], this band is also reserved for universal service
obligation, public protection and disaster relief, international mobile telecommunication,
and high-definition television. In Figure 5, we can see RFI in the range of 336-554 MHz,
even though this has relatively low amplitude; however, the frequency range from 600 to
800 MHz still contains many frequency slots that can be used for radio astronomy.

3.4. Band 4: 800-960 MHz

In Band 4, with the frequency interval of 800-960 MHz, there are no special allocation
bands for radio astronomy. However, this band is used to observe the redshifted lines
emitted by extragalactic sources. In our measurements, the resolution bandwidth (RBW)
was set to 30 KHz, and the noise floor rose to about —85 dBm. We managed to perform
three measurement cycles. The terrestrial service allocations in this band are mainly for
mobile communication and fixed wireless access, at 840 MHz, with an amplitude around
32 dB above the noise floor, and 916 MHz, with an amplitude around 12 dB above the noise
floor, respectively. The GSM signals around 954 MHz have an amplitude around 20 dB
above the noise floor, as shown in Figure 6. We also observed a radio signal at 871 MHz
that suddenly appeared and disappeared.
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Figure 5. Results of radio frequency survey at low frequencies between 300 and 800 MHz.
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Figure 6. Results of radio frequency survey at low frequencies between 800 and 960 MHz.

3.5. Band 5: 960-1400 MHz

The rest frequency of neutral hydrogen (HI) is 1420.4 MHz. As such, the frequencies in
the 960-1400 MHz range close to the HI frequency are very important for radio astronomy.
Extragalactic observations must consider the redshifted lines that fit in this frequency band.
The frequencies from 1300 to 1400 MHz are allocated for extragalactic HI and recombination
line observations [10,11]. From Figure 7, we can see that this band area is very quiet.

3.6. Band 6: 1400-2000 MHz

The frequency range of 1400 to 2000 MHz is also very important for radio astronomy as
regards the observation of galactic and local extragalactic neutral hydrogen (HI), recombina-
tion lines, radio source spectra, the galactic continuum, and extragalactic OH masers [10,11].
The frequency ranges of 1428-1452 MHz and 1498-1522 MHz are actually allocated for
wireless broadband [2-7], and other sub bands for mobile satellite communication.
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Radio Frequency Interference (RFI) at National Observatorium Timau
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Figure 7. Results of radio frequency survey at low frequencies between 960 and 1400 MHz.

We note the presence of strong mobile communication signals at 1650.9 MHz, with an
amplitude around 22 dB from the noise floor. In the frequency band of 1836-1876 MHz,
we also found strong RFI with amplitudes over 25 dB from the noise floor and bandwidth
around 50 MHz, as shown on Figure 8, this being emitted by a Very-small-aperture terminal
(VSAT) for internet services.

According to the ITU recommendation RA.769-2, Band 7, with the frequency interval
of 2000-3000 MHz, is reserved for radio astronomy and other ISM (industrial, scientific
and medical) purposes. In this frequency band, we can see RFI at 2145 MHz and 2407 MHz,
emitted by local Wi-Fi, and at 2683 MHz, with amplitudes of 18, 40 and 15 dB from the
noise level, respectively, as shown in Figure 9.

Radio Frequency Interference (RFI) at National Observatoritum Timau

70 1945,454546; -
74,212
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-140
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Figure 8. Results of radio frequency survey at low frequencies between 1400 and 2000 MHz.
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Figure 9. Results of radio frequency survey at low frequencies between 2000 and 3000 MHz.

3.7. Bands 8 and 9: 4000-7000 MHz

Bands 8 and 9, with a frequency range of 3000-8000 MHz, are also important for radio
astronomy. The measurement of RFI in these bands is displayed in Figure 10a,b. None of the
predominant terrestrial RFI sources are observed in this frequency range. It is worth noting
that the measurement at these frequencies was undertaken using two antenna types; the
results in Figure 10a were derived using a log periodic antenna, and those in Figure 10b using
a dipole antenna, as in Figure 2, for the comparison of measurement. These results are less
accurate due to the limitation of the antenna bandwidth, based on technical specification.

Radio Frequency Interference (RFI) at National Observatorium Timau
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Radio Frequency Interference (RFI) at National Observatorium
Timau
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Figure 10. Results of radio frequency measurement at the following frequencies: (a) between 4000
and 7000 MHz, using a log-periodic antenna; (b) between 5000 and 7000 MHz, using a dipole antenna.
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Figure 11. Recent measurements at frequencies 70-1000 MHz.
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Figure 12. Recent measurements at frequencies 1000-2000 MHz.

In Figures 11 and 12, we compare the RFI results from previous measurements [12] in
the frequency ranges of 70-1000 MHz and 1000-2000 MHz. In Figure 12, we can see a great
deal of RFI, mainly at 1.8 GHz, which is generated by Wi-Fi in the area.

For comparison, the RFI measured in other countries [13] was emitted by radio FM at
frequencies of 87-108 MHz, by television broadcasting at frequencies of 510-790 MHz, by
mobile communication at frequencies of 870-960 MHz and 1805-2170 MHz, and by Wi-Fi
at frequencies of 23062481 MHz.

4. Conclusions

From this work, we can conclude that the RFI environment at Mount Timau is very
quiet, except in the Very High Frequency (VHF) and Ultra High Frequency (UHF) bands.
The frequency ranges of 70-88 MHz and 120-150 MHz are relatively quiet. In Band 2,
the frequency range of 150-300 MHz is also relatively clear. This band is used for Sun,
interstellar medium, pulsar and continuum observations. The frequency interval of 300 to
800 MHz is important for radio astronomy, in terms of the observation of the interstellar
medium, the Sun, deuterium lines, steep spectrum sources, and pulsars with the frequen-
cies of 322-328.6 MHz, 406.1-410 MHz, and 608-614 MHz. We can see from Figure 8
that this band is relatively quiet, except at the frequency of 600 MHz. The frequency
ranges of 960—-1400 MHz, close to the HI frequency, is also relatively quiet. The frequency
ranges of 1400-7000 MHz, used for neutral hydrogen (HI) (at 1420.4 MHz), methyladyne
(CH), formaldehyde (H,CO), methanol (CH30OH) and continuum observations, is also
relatively quiet.
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