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Abstract. C-Band weather radar that operates at a frequency of 5 GHz is very vulnerable to radio 

frequency interference (RFI) because it is located on a free used frequency. RFI can cause image 

misinterpretation and precipitation echo distortion. The new allocation for free spectrum recommended 

by the World Radio Conference 2003 and weather radar frequency protection in Indonesia controlled by 

the Balai Monitoring Spektrum Frekuensi (BALMON) have not provided permanent protection against 

weather radar RFI. Several RFI filter methods have been developed for polarimetric radars, but there 

have been no studies related to RFI filters on non-polarimetric radars in Indonesia. This research aims 

to conduct an initial study of RFI filters on such radars. Four methods were applied in the initial study. 

The Himawari 8 cloud mask was used to eliminate interference echo based on VS, IR, and I2 channels, 

while the nature of false echo interference that does not have a radial velocity value was used as the 

basis for the application of the Doppler velocity filter. Another characteristic in the form of consistent 

echo interference up to the maximum range was used as the basis for applying a beam filling analysis 

filter with reflectivity thresholds of 5 dBZ and 10 dBZ, with beam filling of more than 75%. Finally, 

supervised learning Random Forest (RF) was also used to identify interference echo based on the 

characteristics of the sampling results on reflectivity, radial velocity, and spectral width data. The results 

show that the beam filling analysis method with a threshold of 5 dBZ provides the best RFI filter without 

eliminating echo precipitation. 
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1 INTRODUCTION 

The radio wave spectrum is a global 

resource that is used in many sectors, 

such as telecommunications, remote 

sensing, and navigation, amongst others, 

either by the public or the military (Cho, 

2017). The use of wireless internet devices 

operating at a frequency of 5 GHz is 

claimed to influence C-Band weather 

radar observations in the form of radio 

wave interference (Saltikof, 2016; Joe et 

al., 2005). At the World Radio Conference 

2003 (WRC-2003), there was a 

recommendation for a new allocation of 

free frequencies in the 5470 – 5725 MHz 

spectrum as some essential operational 

systems such as weather and military 

radar have the potential for interference 

(ITU-R 229, 2003). Interference is a 

superposition of two electromagnetic 

waves at the same frequency or adjacent 

ones, producing a new wave pattern 

(Wardoyo, 2014). This interference can 

cause inaccuracies in weather radar 
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observations and image 

misinterpretation. One of the most 

significant impacts of this is 

overestimation in quantitative 

precipitation estimation (QPE) products 

(Ali, 2020). 

Until 2021, BMKG had operated 38 

C-Band weather radars to support 

meteorological operational activities in 

providing weather information and early 

warnings, ranging from public and 

aviation to maritime weather information 

(Ali, 2021 SIDARMA). Not only used in 

meteorological operations, BMKG 

weather radar data installed in Tangerang 

has also been used as input for flood 

forecasting models in Jakarta in the 

Jakarta-Flood Early Warning Systems (J-

FEWS) system (Ginting, 2014). This 

makes the filtering process for non-

meteorological echoes an essential 

priority. 

There are several non-

meteorological echo sources that have the 

potential to occur in Indonesia. Its highly 

variable topography and urban 

environment can cause the radar to 

detect ground clutter and beam blocking 

(McRoberts & Nielsen-Gammon, 2017). In 

addition, sea clutter is often detected on 

radars installed on small islands or near 

the sea (Hailong et al., 2019). Radio 

frequency interference commonly occurs 

on the C-Band weather radar that 

operates at a frequency of 5600-5650 

MHz, which is included in the free 

frequency allocation (Wardoyo, 2014). 

Radio frequency interference often occurs 

on weather radars installed in dense 

urban areas due to the widespread use of 

wireless internet devices. The results of 

the BMKG weather radar observations 

show that the Tangerang weather radar 

experiences the most severe interference.  

Radio wave interference that occurs 

on weather radar can produce a 

significant false echo with a spike-shaped 

characteristic. This can lead to the 

perception of precipitation in fair weather 

(Keränen et al., 2013). When bad weather 

occurs, interference causes 

superimposed with precipitation echo, 

resulting in distortions in measurement 

and identification (Yin et al., 2021). 

Interference that occurs continuously will 

cause overestimated results for QPE 

products, where false echoes due to 

interference will appear as very high 

rainfall intensity (Ali, 2020). 

Several mitigation efforts have been 

made to minimise the potential for 

weather radar interference. The 

International Telecommunications Union 

(ITU) has set a standard Dynamic 

Frequency Selection (DFS) algorithm, but 

it is not able to provide permanent 

protection against potential weather 

radar interference (Wardoyo, 2014). The 

Frequency Spectrum Monitoring Centre 

(BALMON) has also made protection 

efforts by conducting sweeping based on 

reports of interference disturbances by 

the BMKG (Firdaus & Suryadi, 2019). 

These efforts often encounter problems 

when the source of interference already 

exists before the weather radar is 

installed. The final step is to filter the data 

from weather radar observations. 

Several radio frequency interference 

(RFI) filter algorithms have been 

investigated. The two-dimensional (2D) 

range-time/sample-time domain RFI filter 

algorithm functions by analysing the 

amplitude-anomaly-based RFI (Cho, 

2017). The spectral filter algorithm 

applied to polarimetric radar suppresses 

RFI by analysing the Doppler power 

spectrum time series data in each 

polarisation to obtain interference 

characteristics (Rojas, 2012). However, 

there has been no research on the use of 

non-polarimetric radar observation data 

as an RFI filter. This paper aims to test 

RFI filtering using the results of non-

polarimetric weather radar observations 

(reflectivity, radial velocity, and spectral 
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width) combined with the results of 

weather satellite observations. 

 

2 MATERIALS AND METHODOLOGY 

2.1 Tangerang Weather Radar 

The study used non-polarimetric C-

Band weather radar with a 200 km 

maximum range, 250 m spatial 

resolution, and nine elevation angles. 

Figures 2-1 and 2-2 show the radar 

scanning strategy and beam blockage 

analysis. The scanning strategy was 

optimised to enable dense observation at 

a low elevation to maximise precipitation 

detection. There is significant terrain 

blocking at the elevation of 0.5° due to 

mountain ranges and several hills to the 

south of the radar, but at the elevation of 

1.5° the blocking is not significant. The 

radar hardware specification and 

scanning strategy is shown at Table 2-1. 

 

2.2 Study area 

The study area covered 220 km 

around the Tangerang weather radar 

point location, including both land and 

the part of the Java Sea. The historical 

observations of the radar show that RFI 

most often occurs at the two lowest 

elevations (0.5° and 1.5°). The data used 

for the RFI filtering trial were Tangerang 

weather radar data from September 9, 

2018 and May 5, 2021. Four methods 

were used in the RFI filter: the Himawari-

8 cloud mask, beam filling analysis, the 

Doppler filter, and supervised machine 

learning Random Forest (RF). 

 

2.3  Methods 

Interference false echo comes from 

non-meteorological object sources, so in 

theory Himawari-8’s cloud masking 

overlay can filter meteorological objects 

from interference sources that are not 

meteorological. The channels used for the 

cloud mask were Band 03 (VS), Band 13 

(IR) and Band 15 (I2), with the threshold 

for the non-cloud category being IR over 

265 K; the difference between IR and I2 

greater than 2 K; and reflectance VS less 

than 0.45. The results of the cloud 

masking product were then resampled 

against the resolution of the weather 

radar data, and then these data at the 

non-cloud grid location were eliminated 

as an interference filter. 

 
Table 2-1: Tangerang weather radar 

specification and scanning 

strategy 
 

 

Parameter Value 

Radar site name Tangerang 

Polarisation Single 

Installation year 2009 

Manufacturer EEC 

Signal Processor GDRX-SP 

Transmitter Type Coaxial 

magnetron 

Latitude -6.1669° S 

Longitude 106.6502° E 

Altitude 10 m 

Tower height 20 m 

Frequency 5.6 GHz 

Beam width 1° 

Pulse width range 0.5 - 2.0 μs 

Pulse width used 0.8 μs 

PRF Used 600 Hz 

Staggering ¾ 

Range step 250 m 

Range maximum 220 km 

Number of sweeps 9 

Nyquist Velocity 24.1 m/s 

VCP Mode Free run 

(8 minutes 

interval) 

Moment observed Reflectivity 

(unfiltered and 

filtered), radial 

velocity, spectral 

width 
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Figure 2-1: Tangerang weather radar scanning strategy 

 

Figure 2-2: Tangerang weather radar beam blockage analysis. 
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Non-meteorological echoes 

sometimes have radial velocity values, 

such as echoes from volcanic ash, sea 

clusters, or ground clutter echoes from 

animals (Hubbert et al., 2009). The value 

of radial velocity is calculated based on 

the movement of objects in the radial 

direction (towards or away from) the 

weather radar (Doviak et al., 1979). False 

echo interference comes from sources of 

radio wave transmitters with the 

same/close frequency, so there is no 

movement at the interference source, 

with the implication that the radial 

velocity value is not detected. This 

concept is used for RFI filtering, in which 

the radial velocity value is nan (not a 

number). The value of nan is different 

from the value of 0 in the radial velocity, 

because when the object moves 

perpendicularly to the direction of the 

radar sweep, the value of the radial 

velocity is 0, a pattern which is called a 

zero isodop, while for objects that are not 

moving, the value of the radial velocity 

will be nan. The radial velocity value is 

extracted at each azimuth. This method 

will hereinafter be referred to as the 

Doppler Velocity Filter. 
 

 
Figure 2-3: Research flowchart 

 

Method 

Method 

Method 

Method 
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(a) (b) 

  
(c) (d) 

 

Figure 3-1: Himawari-8 cloud mask and results of the RFI filter: (a) IR, (b) I2, (c) VS, (d) Cloud 

mask. Unfiltered reflectivity (f) Filtered reflectivity using Himawari-8 cloud mask 

 

False echo interference has a spike 

pattern that reaches a maximum radius. 

This has implications for the percentage 

of beam filling at each azimuth. The 

consistency of beam filling from the 

source of interference to the maximum 

radius of the reflectivity data is one of the 

characteristics of RFI. This concept was 

later developed into an RFI filtering 

method, in which an azimuth that has a 

beam filling of more than 70% of the 

maximum radius, and exceeds the 

specified reflectivity threshold, is 

considered to be a false echo, and is 

deleted. In this initial study, two 

thresholds were used which were 

considered as false echo interference, 

namely 5 dBZ and 10 dBZ. The method is 

hereinafter referred to as beam filling 

analysis. In this method, only reflectivity 

data are used for filtering, in contrast to 

the Doppler velocity filter, which uses 

reflectivity and radial velocity data. 

The next method was supervised 

machine learning Random Forest (RF). 

This is very popular in the identification 

algorithm where the data classification 

sample has been determined (Breiman, 

2001; Pal, 2005). The sampling process 

was conducted on three types of data 

(reflectivity, radial velocity, and spectral 

width) to obtain two classifications, 

namely meteorological echo, and 

interference echo. Before the model was 
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run for RFI filtering, testing is conducted 

to test the model's accuracy performance 

based on the kappa value. When this 

value is greater than 0.7, the model can 

continue to the echo interference 

elimination process. If the value is lower 

than 0.7, the number of samples is 

increased. 

To facilitate the naming 

identification of the methods to be 

employed, they were renamed. The 

Himawari-8 cloud mask filter is 

hereinafter referred to as method 1, the 

Doppler velocity filter method 2, the beam 

filling analysis filter method 3, and the RF 

filter is called method 4. The flow of data 

processing in these four methods is 

shown in Figure 2-3. The RFI filter results 

from the four models were then compared 

based on the resulting filtered reflectivity. 

 

3 RESULTS AND DISCUSSION 

The Tangerang weather radar 

imagery of November 9, 2018 at 07.50 

UTC experienced interference in almost 

all directions. As shown in Figure 3-1, 

interference occurred from the north to 

the southeast, where there is no 

meteorological echo. This can lead to the 

misinterpretation of “precipitation in fair 

weather”. In addition, interference in the 

south to west direction causes the echo 

precipitation to be distorted by the 

interference echo, leading to interference 

with image interpretation. 

The results of the Himawari-8 

weather satellite data processing IR, I2, 

and VS channels to create cloud mask 

products, along with a comparison of th 

filter results, are shown in Figure 3-2. The 

difference in spatial resolution 

(Himawari-8 1km, weather radar 250m) 

was overcome by resampling the satellite 

data to adjust the resolution of the 

weather radar data. The satellite data 

used were adjusted to the radar 

observation time. 
 

 

  
(a) (b) 

 

Figure 3-2: Himawari-8 cloud mask and RFI filter results. (a) IR, (b) I2, (c) VS, (d) Cloud mask. 

Unfiltered reflectivity (f) Filtered reflectivity using Himawari-8 cloud mask 
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(a) (b) 

 

Figure 3-3: Doppler velocity filter results from eliminating false echoes from RFI. The false echo is 

eliminated, but some precipitation echo is accidentally removed. This can be happen 

when the SQI value is low. (a) Unfiltered maximum reflectivity, (b) RFI filtered maximum 

reflectivity.  

 

The Himawari-8 cloud mask results 

show that almost all the pixels are clouds. 

This has implications for RFI filtering, 

where only a small portion of false echo 

interference is eliminated by the RFI 

cloud mask filter. There are several 

reasons why the cloud mask does not 

completely eliminate echo interference. 

The relatively large difference in spatial 

resolution and the orientation of the 

different cloud observations are the two 

most powerful causal factors. Weather 

radar observes clouds by actively 

emitting radio waves from below them, 

while the Himawari-8 satellite passively 

observes them from above by receiving 

radiation generated by the clouds. 

The Doppler velocity filter method 

was applied to the two lowest elevations 

of the Tangerang weather radar. The no 

data value of the Tangerang weather 

radar radial velocity data was expressed 

with a value of -3269, so the value of the 

radial velocity extraction results at each 

azimuth of the two lowest elevations was 

used as an RFI filter. Elimination of echo 

interference was not made at maximum 

reflectivity, but only at the lowest two 

elevations, with data from other 

elevations then applied in the CMAX 

(Column Maximum) algorithm. The 

results of the elimination of echo 

interference using the Doppler velocity 

method are shown in Figure 3-3. This 

method produces an image that is free of 

echo interference, but there are some 

missing echo precipitations (region in the 

red square). This is quite surprising as  

echo precipitation can be worth as no 

data at radial velocity. This is likely to 

occur in precipitation echoes with low 

reflectivity values and low signal quality 

index (SQI) values, so the radar will 

consider the radial velocity value as no 

data when the SQI value is low. 

The basic concept of using beam 

filling analysis for RFI filters is the 

general characteristic of echo 

interference, which has a consistent 

spike pattern until it reaches the bin in 

the maximum range. Thresholds of 5 dBZ 

and 10 dBZ are used because there is 

variability in the reflectivity data 

extraction results at each azimuth, where 

at a certain time the minimum reflectivity 

value can reach 5 dBZ or 10 dBZ. 

Based on Figure 3-2(a), the wrong 

azimuth value affected by RFI is at 98.8°. 
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The results of beam filling analysis at 

98.8° azimuth and the reflectivity values 

(dBZ) and received power (dB) are shown 

in Figure 3-4. The beam filling graph 

clearly shows the difference between echo 

precipitation and echo interference, 

where echo precipitation is characterised 

by "natural variability", while echo 

precipitation consistently has a high 

percentage of beam filling; therefore, the 

threshold of 75% is taken as an initial 

study. The reflectivity profile of the 

interference echo tends to increase along 

with the increase in the bin range, but 

when returned to the power received 

value, the interference echo has the same 

power. 

 The results of the beam filling 

analysis filter with thresholds of 5 dBZ 

and 10 dBZ are shown in Figure 3-5. 

When compared with the unfiltered 

maximum reflectivity, the interference 

echo is mostly eliminated without any 

loss of precipitation echo, in contrast to 

the Doppler velocity filter method which 

can eliminate all interference echoes, but 

there are some precipitation echoes that 

are removed. Some interference echoes 

remain at the thresholds of 5 dBZ and 10 

dBZ. This shows that there are several 

interference echoes with weak intensity 

that are not consistently present up to 

the maximum bin range. 

 

 

 

 
Figure 3-4: Beam filling percentage, reflectivity, and received power profile at azimuth 98.8°. 

 

  
(a) (b) 

Figure 3-5: RFI filter for 75% percentage of beam filling. (a) 5 dBZ threshold, (b)10 dBZ threshold  

 

 



Abdullah Ali et al. 

198 International Journal of Remote Sensing and Earth Sciences Vol. 18 No. 2 December 2021 

The 5 dBZ threshold provides a 

relatively better filter than the 10 dBZ 

one, especially in the southwest part of 

the weather radar, while in the other 

direction the results are the same as the 

10 dBZ threshold. Further research is 

needed on the minimum threshold value 

for echo interference. When compared to 

the results of the Doppler velocity filter, 

which can eliminate all echo 

interference, the beam filling analysis 

filter method can be elevated by adding a 

Doppler velocity filter step. It is certain 

that the remnants of echo interference 

that cannot be filtered out by this 

method do not have a radial velocity 

value, so the selection process for echo 

interference through the percentage of 

beam filling can be continued with 

selection based on the radial velocity 

value. The beam filling analysis method 

has drawbacks if the precipitation 

system that occurs is meso-scale and 

reaches more than the beam filling 

percentage threshold. Under these 

conditions, the precipitation echo will be 

considered as interference echo and will 

be eliminated. 

It is possible to classify echo 

interference using machine learning-

based methods. One of the most popular 

methods used in remote sensing to 

classify images is Random Forest. The 

model development process is conducted 

through manual sampling as the 

sampling process emphasises the 

interference echo pattern, which is quite 

difficult to detect by the machine without 

supervision. The classification of data 

determined in the sampling process is 

divided into three classes, precipitation 

echo, interference echo, and clear/no 

echo. Initial sampling was made on the 

maximum reflectivity data, then the 

location of the point/polygon was also 

applied to the radial velocity and spectral 

width data at the lowest elevation (0.5%). 

The results of the sampling on 

reflectivity, radial velocity, and spectral 

width data were then used to build a 

classification model. 

Unfiltered reflectivity, sampling, 

and the results of the classification 

model of the supervised RF method are 

shown in Figure 3-6. The kappa value of 

the model testing results is 0.9, meaning 

the RF model can continue to the 

classification process. The results of the 

classification of the echo interference 

from the RF model show interference 

with weak intensity in the southeast and 

northwest directions. There is a 

misclassification of the superimposed 

interference echo with the precipitation 

echo, especially in the northeast and 

southwest directions. Convective 

systems that have low reflectivity values 

at the edges are considered as 

interference echoes because of similar 

reflectivity data values, but interference 

echoes that are not superimposed with 

precipitation echoes can be detected 

properly. 
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Input layer: 

Reflectivity at 0.5° 

Radial velocity at 0.5° 

Spectral width at 0.5° 

 

Legend: 

1 = interference echo 

2 = clear/no echo 

3 = precipitation echo 

 

Figure 3-4: RF classification 

 

4 CONCLUSIONS 

 The initial study of the RFI filter 

on the Tangerang weather radar applied 

four methods based on data from 

weather radar observations and 

Himawari-8 weather satellite data. The 

first method used the Himawari-8 cloud 

mask product to eliminate echo 

interference by eliminating echo at no 

cloud grid locations. The second method 

employed radial velocity data with the 

basic concept that echo interference has 

no radial velocity value because it is not 

a meteorological object. The 

characteristics of echo interference with 

consistent beam filling consistency up to 

the maximum range were used as the 

basis for the beam filling analysis filter 

method, in which the results of the 

extraction of reflectivity values for each 

azimuth that have a beam filling 

percentage of more than 75% are 

considered to be interference echoes. In 

the initial study, two threshold 

reflectivity values were determined, 

namely 5 dBZ and 10 dBZ. The fourth 

method was image classification based 

on supervised machine learning Random 

Forest. 

 Based on historical data, RFI on the 

Tangerang weather radar most often 

occurs at the last two elevations, so the 

RFI filter was only employed on these. 

Himawari-8's cloud mask product is only 

able to partially eliminate echo 

interference; this can be due to 
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differences in spatial resolution and in 

observation techniques between radar 

and weather satellites. The Doppler 

velocity filter method can eliminate all 

interference echoes, but some of the 

precipitation echoes are also eliminated. 

This may be due to the low SQI value, 

meaning that the radial velocity value is 

considered as no data. The performance 

of the beam filling analysis method is 

relatively good, especially at the 5 dBZ 

threshold, but there are still some weak 

interference echoes that are not filtered 

because the reflectivity value is less than 

the threshold used. The RF model gives 

fairly accurate results in classifying the 

interference echo, but there is a 

misclassification of the superimposed 

interference echo with the precipitation 

echo. 

 There are several weaknesses 

evident in each method. Among the four, 

the best performance was from the beam 

filling analysis filter with thresholds, 

while the worst was the Himawari-8 

cloud mask filter. The beam filling 

analysis method has a weakness in the 

threshold used, which in each case can 

be different. This method can be elevated 

in combination with a Doppler velocity 

filter, where weak unfiltered interference 

can be eliminated because it can be 

ascertained that it does not have a radial 

velocity value. The weakness of the RF 

model in classifying interference echoes 

lies in the limited input of non-

polarimetric radar training data, which 

only produces three types of data 

(reflectivity, radial velocity, and spectral 

width), so that when echo interference 

occurs in precipitation echoes, the 

reflectivity values will be considered as 

echo interference. 
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