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Powerline RFI

Major source of interference below 800 MHz

Cause: Gap discharge on HV transmission lines/distribution equipment

Stronger than the signal of interest (noise)
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Need for Real-time Excision

Fourier 

Transform

Time-domain signal with impulsive RFI

Time-domain excision prevents corruption of

data in the downstream signal processing.

Powerline RFI

 Energy spreads in the frequency

domain

 Cannot use tuned filters

 Use statistical filtering techniques

50ms plot; RFI period: ~10ms
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Real-time Mitigation in GMRT 
Wideband Backend

 Operates in time-domain on each antenna (and polarization)

 Implementation challenge: Real-time on Nyquist sampling rate 
of 800 MHz (samples arriving at 1.25ns)

 Statistical techniques: detects outliers from the data
Buch et al., “Towards Impulsive RFI Mitigation for Radio Telescopes”, Journal of Astronomical Instrumentation, Vol. 

5, No. 4, 2016

Correlator and Beamformer



The Filtering Algorithm – Detecting and 
Removing Outliers

Buch et. al, “Real-time MAD-based RFI Excision on FPGA ”, JAI Special Issue on Interference Mitigation in Radio 

Astronomy, Vol. 8, No. 1, January 2019

Estimation Detection Filtering
Data In Data Out

Estimate standard deviation using 

robust estimator (Median 

Absolute Deviation)

Compare the input data 
with robust thresholds

Replace the RFI samples 
with noise or constant 
value sampleRFI

median + n* σ

median - n* σ

Computing recursive median in real-time was the most challenging aspect of this system
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First Result

GMRT 150MHz time series with RFI (blue) and 3σ filtered (red) 
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Simultaneous Testing: Digital Copy Mode

RFI Filter

Antenna #1

GWB

Correlator 

and 

Beamformer

Digital Copy Mode

FPGA

Buch et al., “Implementing and Characterizing Real-time Broadband RFI Excision System for the GMRT Wideband 

Backend”, IETE Technical Review,  Taylor and Francis, May-June 2019

Unfiltered output

Filtered output

Offline Data Analysis
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Ensures fair comparison

 Cross-correlation function
 Closure phase
 Imaging performance
 Beamformer data analysis
 SNR improvement



Imaging: Extended Source

Unfiltered Filtered

• uGMRT Band-4, 550-850 MHz , 200 MHz RF bandwidth, 2048 spectral channels
• Imaging for baselines < 1 kilolambda (~0.5 km)
• Noise RMS - 1.6 mJy/beam (Unfiltered)  0.52 mJy/beam (Filtered)
• Average Flagging: ~2.5-3%



Time-domain Astronomy

Unfiltered Filtered

Image Courtesy: J. Roy and B.  Bhattacharyya, NCRA

• Pulsar (J0418-4154) profile comparison: Incoherent Array beam - 4096 spectral channels 
327.68μs integration time.

• SNR improvement by factor of 3; Average Flagging ~3%



Filtering System: Features

 Filtering threshold, replacement
option are user-defined

 Replacement options – digital
noise, threshold, zero, constant
value

 Observation command file can
include options for recording the
flagging count

 Recommended options:

� 3σ (pulsar), 4σ (continuum)

� Replacement by digital noise

� Recording counter every five
minutes

Typical counter plot showing
antenna-wise flagging percentage

http://www.gmrt.ncra.tifr.res.in/~kdbuch/counter_page/counter_flagging.html
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RFI Filtering Usage in GTAC Cycles 39 
and 40 (uGMRT Bands-2 and 3)

Observations Type 
(Continuum), 30

Observations Type 
(Pulsar), 13

Observations 
Type 

(Continuum), 8
Observations 

Type (Pulsar), 13

Shared-risk release document: http://www.ncra.tifr.res.in/ncra/gmrt/gmrt-users/online-rfi-filtering
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GTAC Cycle 40 (May - October 2021)

Observing Time Observations using RFI filtering
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