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Abstract 
 

Radio signal is basically generated from natural sources and human daily activity. In detecting radio astronomical signals from outer 

space, radio frequency interference (RFI) level monitoring and management are required to avoid the signal’s disturbance for better radio 

astronomical observation. RFI profile need to be developed and the measurement should be done using appropriate antenna. Using an 

appropriate antenna is vital, so the signals detected are strong. This paper verified the performance of discone antenna for RFI study for 

Hydrogen line (HI). Three stages were performed: antenna simulation using Computer Simulation Technology (CST) Studio Suite 

software, antenna measurements done in anechoic chamber and RFI survey at Balai Cerap Kusza (BCK). Antenna simulation and 

measurement were then compared. We found that optimized frequency ranges are between 1.38 GHz and 2.14 GHz. RFI monitoring was 

done and we obtained the average power level of -76.2331 dBm (+/-0.7385) detected at BCK. This value exceeds the ITU-R RA.769.2 

threshold level (-220 dBW) by 30.4601 dB. 
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1. Introduction 
 

 

 

Radio astronomy is a sub field of astronomy, which studies 

celestial objects with highly sensitive radio receivers and large 

radio telescopes. These radio astronomical measurements are 

performed in a wide range of frequencies, which are limited by the 

radio window set by the attenuation in the Earth's atmosphere and 

the man-made radio frequency interferences (RFI). RFI is an ever-

increasing problem in radio astronomical measurements. All kind 

of radio broadcasts and new radio applications are deteriorating 

the radio frequency spectrum expected from the astronomical 

object of interest. Consequently, radio observatories are also 

generating remarkable amounts of radiation themselves, which 

might cause distortion to the astronomical data. RFI profile need 

to be developed and the measurement should be done using 

appropriate antenna. Using an appropriate antenna is vital, so the 

signals detected are strong. In detecting radio astronomical signals 

from outer space, RFI monitoring and measurement are required 

to avoid the signal’s disturbance for better radio astronomical 

observation. In order to make sure that the data of RFI is reliable, 

we need to study the performance of antenna used in 

measurement. The antenna is an integral part of a wireless system 

and a well-designed antenna is critical for system performance.  

In RFI measurement, an antenna is a crucial component for 

detecting the unwanted radio signal exists in the radio observation 

environment which may lead to the signal attenuation from the 

astronomical sources. For this research, the discone antenna was 

used to receive the radio signal waves from surrounding. It is 

similar to the study done to identify the FI pattern at BCK. 

Antennas have many different attributes and types that are needed 

depend on their characteristics and applications [1-3]. The discone 

is a popular choice of antenna for omni-directional, linearly 

polarised systems in many research [4-6]. A discone antenna is in 

a version of a biconical antenna in which one of the cones is 

replaced by a disc with impedance and radiation characteristics 

detained by the angle of the cone and the diameter of the disc [7-

8]. The cone and disc must be separated each other by an 

insulator. The feed points usually placed at the center of the disc. 

The discone's radiation patterns are frequency dependent. At 

different frequencies, it has unequal patterns as it radiates 

sideward and downward [9]. However, the performance of the 

antenna should be evaluated first before the measurement is 

carried out. Several parameters need to be taken into account such 

radiation pattern, s-parameter, voltage standing wave ratio 

(VSWR) and gain measurement. Generally, an antenna which is 
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good in term of efficiency can radiates in between 50% to 60% of 

the energy fed to it [10-13]. Gain is the priority in measuring the 

efficiency of an antenna, thus, the performance of the antenna can 

be known by determining the efficiency of radiated output in one 

direction at a time. 

Our main objective is to qualify the performance of discone 

antenna for RFI study for Hydrogen line (HI) study. In our work, 

we choose Balai Cerap KUSZA (BCK) (5° 32' 10" N and 102° 56' 

55" E) situated at Merang, Terengganu for candidate site as a 

study case. Three stages were performed which antenna 

simulation using CST, antenna measurements done in anechoic 

chamber and RFI survey. The findings of this study will benefit 

radio astronomy observations, space science, and antenna study 

[14-17].  

2. Methodology  

For the purpose of RFI measurement in the range of HI frequency, 

the antenna had been designed using CST software. The antenna 

was then fabricated, tested and measured in an anechoic chamber 

to determine the antenna performance. Then, the simulation and 

measurement of the discone antenna was compared before it 

capable with utilization. Lastly, the radio signal power level from 

nearby HI frequency utilizing this antenna was recorded in 24 

hours. It is highlighted that the structures of antenna are designed 

for the radio astronomy investigation. 

2.1. Antenna simulation  

The discone antenna was modelled and simulated specifically for 

HI detection application which is at 1.42 GHz with Omni-

directional radiation pattern. The dimension parameters of the 

antenna have been optimized to achieve the desired frequency and 

radiation pattern then has been simulated and analysed using CST 

software to see the antenna performance based on finite 

difference-time-domain method. The schematic geometry of the 

discone antenna was illustrated as in Figure 1. 

 

 
Fig. 1: The schematic geometry of the discone antenna. 

 

The antenna then was fabricated by followed the dimension 

proposed. The structure of antennas was divided into two parts, 

which are the disc in diameter of 42.3 mm with a radius of 21.15 

mm and the coaxial cone in diameter of 60.4 mm with a radius of 

30.2 mm. The height of a cone is 50.7 mm, while the height of the 

disc is about 1 mm. All of these structures are made up from 

almost 100% of the copper smooth surface with 0.5 mm thick. It is 

has connected with 70 mm length of low loss coaxial cable in 

diameter of 2.34 mm [19]. Then, the performance of fabricated 

antenna has been measured in an anechoic chamber and was 

compared with the simulation measurement result. 

 

 

 

2.2. RFI Data Measurement  

The survey of radio frequency interference (RFI) using discone 

antenna was conducted in 24 hours. The observation is taken at 

3rd February 2016. This survey was done at Balai Cerap KUSZA, 

Merang, Setiu, Terengganu, Malaysia. The location was selected 

because it is one of the astronomical observations in East Coast 

Malaysia with possible low profile RFI [20]. To get an 

enhancement the precision and continuous measurement of RFI, 

the record setting of spectrum analyzer was fixed in every 1 

minute. In addition, it recorded in 12 sessions with two hour in 

time intervals due to the limitation extracting data software.  The 

measuring RFI data survey was contained the discone antenna, 

Low Noise Amplifier (LNA) and 9 GHz spectrum analyzer 

(Keysight N9915A) with 180 kHz resolution bandwidth. Lastly, 

the RFI data will be transferred to a computer for analysis. The 

instrument set up was illustrated as Figure 2. 

 

 
Fig. 2: The illustration of RFI connection set up [21]. 

 

A total of 24-hour RFI was plotted in a graph after averaging the 

power level (dBm) from 12 sessions. The RFI data have recorded 

in power level (dBm) from 0 Hz until 9 GHz. Then, the baseline 

of the RFI data was calculated and draws in the graph. 

3. Results and Discussion 

In this section, result is divided into two parts. The first part deals 

with antenna simulation and measurement. While, the second part 

report the RFI monitoring for HI spectrum using discone antenna 

as receiver. 

3.1. Antenna Simulation and Measurement 

The discone antenna for astronomy applications that resonant at 

1.42GHz was simulated, fabricated and analysed in terms of 

standard antenna parameters that involved S-parameters, 

Bandwidth, realized gain, voltage standing wave ratio (VSWR) 

and polar plot radiation pattern [22-23]. S-parameter also known 

as reflection coefficient that describes how much electromagnetic 

wave being reflected which can be expressed with the ratio of the 

reflected voltage amplitude to the incident voltage amplitude. As 

indicated in Figure 3, the comparison of S-parameter between 

simulation and measurement demonstrated and observed at the 

resonant frequency. The magnitude of the simulation indicated 

that the antenna dipped at -36.8 dB (63.2% voltage amplitude 

reflected), while the measurement show at -13.2 dB (86.8% 

voltage amplitude reflected) with both reading show better than -

10 dB (reference level). The antenna is said to be in a good 

performance at a certain resonant frequency when the reflection 

coefficient is below than -10 dB (90% voltage amplitude 
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reflected). The smaller the percentage of voltage amplitude 

reflected, the higher the performance of the antenna at the 

resonant frequency. Besides that, the bandwidth of the discone 

antenna performs with the wideband characteristic with 1.75 GHz 

on simulation and 1.4 GHz for the measurements. 

 

 
Fig. 3: S-parameter graph between simulation and measurement. 

 

 
Fig. 4: VSWR plotting graph between simulation and measurement 

 
Table 1: Correlation analysis results between Nigeria and Peninsular 

Malaysia 

Parameter Simulation Measurement 

S11 -36.8 dB -13.2 dB 
Observe Frequency 1.42 GHz 

Bandwidth 1.75 GHz 1.4 GHz 

Realized Gain 1.05 dB 0.98 dB 
VSWR 1.09 1.5 

 

Fig. 5: Polar plot for proposed antenna (a) Phi 90 (b) Phi 0. 

 

 
Fig. 6: Average RFI level in HI suggested minimum bandwidth 

 

Next, the analysis focused on VSWR plotting to observe the ratio 

between forward and reflected power developed by proposed 

antenna. On simulation result, the antenna, perform the value of 

1.09 while the reading of 1.5 reported for the measurement. The 

reflection ratio developed between simulation and measurement 

considered in normal range, since it occurs less than the value of 

2.  The plotting between simulation and measurement for 

proposed antenna indicated in Figure 4. 

As indicated in Figure 5(a) phi 90 and Figure 5(b) phi 0, the 

antenna perform the omnidirectional polarisation  with the power 

magnitude reduce from -1 dBm (simulation) to -3 dBm 

(measurement) for E-filed plotting and -0.5 dBm (simulation) to -

1.8 dBm (measurement) for H-filed plotting. Even though, there 

are slight differences on magnitude data between simulation and 

measurement the physical orientation plotting of polar radiation 

indicates similarities and concluded succeeded. 

The overall result between simulation and measurement for 

proposed antenna is tabulated in Table 1. The deviation that 

occurs between simulation and measurement contributed by the 

fabrication process that involved braising, bending and others 

mechanical process work that influence the changes of surface 

current. Even though, the deviation exists between the simulation 

and measurement result in the overall performance of the antenna 

quite promising with low magnitude reflection and VSWR 

reading.  

3.2. HI Spectrum 

Suggested minimum bandwidth as identified by General 

Assembly of the International Astronomical Union (IAU) for HI is 

between 1370.0 – 1427.0 MHz. The average RFI level detected in 

HI spectrum is shown in Figure 6 is -76.2331 dBm (± 0.7385) 

which equivalent to -76.2331 dBm + (-84.5125 dB) = -160.7456 

dBm + (-30 dB) = -190.7456 dBW. To measure radio environment 

from surrounding, omnidirectional antenna were used which in 

this study; discone antenna. The correction resolution is given by 

1.2057 dB. The power of RFI as measured by discone antenna is -

190.7456 dBW + 1.2057 dB = -189.5399 dBW 

According to ITU-R RA.769-2, a standard threshold interference 

level for HI is -220 dBW. However, interference detected using 

discone antenna exceeded the standard threshold by ITU-R 

RA.769-2 is 189.5399 dBW – (-220 dBW) = 30.4601 dB. Signal 

from radio astronomy sources are very small with spectral flux 

density 1 Jansky (Jy) = 10-26 Wm-2 Hz-1. However, many radio 

astronomical signals have flux density much lower than 1 Jy. In 

this study, average RFI level is equivalent to 2.5×〖10〗^15 Jy. 

These results corroborate the ideas of ITU (2003), who suggested 

conducting spectrum survey before implementing radio telescope 

or observe radio astronomical signal [18]. 

 

4. Conclusion 

 
This study set out to investigate the performance of discone 

antenna for RFI measurement. This research has shown that 

discone antenna constructed has S11 parameter measured in 
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anechoic chamber, which is -13.2 dB at frequency 1.42 GHz 

compared to simulation value that is -36.8 dB. These findings 

suggest that in general, discone antenna constructed are suitable 

for RFI measurement in HI spectrum because S11 value exceed 

reference level (-10 dB). Another purpose of this study is to 

conduct spectrum survey in HI spectrum. It is found that the 

measured RFI exceed ITU-R RA.769-2 by 30.4601 dB. Taken 

together, these results suggest that the RFI excision have to be 

done before conducting radio astronomy observation. This 

research will serve as a base for future radio astronomy studies 

and provide RFI database in east coast of Peninsular Malaysia. 
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