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Background
● RFI comes in various forms.
● RFI can for example be caused by television 

stations, aeroplanes and radar, while 
broadband RFI caused by phenomena such 
as lightning, high-voltage power cables and 
sparking electrical fences are often local in 
time.

● Strong RFI that is problematic is often either 
local in frequency or in time.

● A different class of RFI is caused by weakly 
transmitting but stationary -- and therefore 
systematic -- devices on site.



L-band RFI
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Use cases
• Operations:

– Schedule desired critical observations
• RFI working group

– Provide an alert system if level of RFI at certain frequency goes beyond 
a critical threshold

• Astronomers
– Optimise flagging

• Policy makers
– Spectrum and telecoms team to monitor occupancy of dedicated 

frequency bands



● May - Dec 2018

● 1500 hrs obs

● 400 TB imaging data

● T, F, B, Az, El

Full sky - RFI probability
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Time Evolution - RFI probability
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Editing RFI

• Bad antennas -> remove them

• Correlator malfunctions -> remove time steps

• Initial pointing delay -> quack first timesteps

• Bandpass issue -> remove channels

• Low elevation -> elevation cut-off

• Interference -> remove antennas, timestep, frequencies or baselines..

Can NOT calibrate in the presence of issues in the data



Excising RFI

• Manual detection

– Subjective

– Enormous data volumes, computationally expensive...

• Automatic Thresholding 

– AoFlagger 

– RFIClean

– Casa tools



RFI strategies

• Online pre-/post-correlation mitigation

– Computationally expensive

– Require high time resolution

• Offline 

– Post-optimized, data can be re-ordered and manipulated 



Automated excision
• Detection

– Find and throw away affected dat
– Filtering or subtracting: estimate RFI contribution and restore affected 

data
• Detection (“flagging”)

– Flag regions of bad data and do not use them in calibration and try 
correction afterwards

• Filtering
– Hard, resulting data quality is not well understood, computationally 

expensive.



Mathematical tools

• Measures of spread

– Mean, median, skewness and kurtosis

• What should we use?

• A = [3, 4, 5]

• B = [0, 4, 8]

• What are the mean?

• What can be the issue with the 

Mean? 



• Kurtosis

• Median Absolute deviation (MAD)

• Filtering:

– MAD filter

– sgolay...
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What do we want?

● A simulator that produces realistic visibilities 
corrupted by external RFI sources.

● To know the exact contribution of RFI in each 
visibility voxel.

RFIsim

Why do we want it?

● To compare different RFI detection and excision 
algorithms. Astronomers cannot provide what we 
need.  



Where are we now?
A MeerKAT simulator that produces realistic RFI-corrupted 
visibilities.

A dataset that is being used to train a neural network for RFI 
detection.

BONUS
A way to predict satellite positions which has been 
used to optimize a MeerKAT early science observation 
proposal.



What effects are included?
Real satellite paths

Ground-based RFI 

Realistic RFI characteristics (amplitude and frequency)

Accurate astronomical sky model

MeerKAT (u,v) coordinates

Realistic Bandpass

Realistic primary beam 

Time variation (gains, RFI amplitude)



Real SimulatedResults
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Comparison with Default AOflagger

Deep learning is significantly better than AOFlagger unless AOFlagger is extensively tuned (which 
no one does). Our algorithm tunes automatically, and is flexible (not just a single False Positive 
Rate).  



Comparison with 
Optimised AOflagger



Network from KAT-7 
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Outlier detection from Ingest (blue) and flagger outlier(orange) for a RFI free region

● We noticed from the ingest detection that there is around a 17.5% chance of picking an outlier between frequency 1240 MHz - 1250 MHz. 
● This corresponds to redshift z ~ 0.127 - 0.135. 
● Any emissions from astronomical sources in this redshift range will inevitably be removed by the ingest and there is no way to undo the 

excision.



Conclusion

• Sources of RFI

• How to edit and excise RFI

• Why we need to excise RFI

• What are some of the tools to use

• New algorithm to detect RFI

• The impact of RFI on astronomy


