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Radio Astronomy: different methods

LOFAR

NenuFAR

NRT

● imaging (long baselines) vs. beamformed observations
● long integrations vs. transient phenomena
● broadband vs. spectral line observations
● different frequencies
→ vulnerable to different types of RFI but all are impacted
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Example: RFI at NRT 

24h monitoring plot 

1150-1800 MHz

a typical day
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Example: RFI at NRT 

astrophysical signal

clean sky

different types of RFI
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RFI statistics at NenuFAR

[Bondonneau et al. 2021] 

average RFI fraction 2019-2022
→ low elevation has more RFI

[Louis et al. in prep.] 
average RFI fraction 2018-2020
→ some frequencies have more RFI
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Types of RFI

● natural interference: lightning (wide-band, but rare)

● non-intentional artificial interference:
industrial activities, power lines, cars, micowave ovens, 
computers, …

● intentional emitters: 
telecommunications, mobile phones, aircraft communication, 
radars, ionosondes, GPS, FM-band, digital radio, digital TV, ...
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And old, but increasing problem

- observations become more sensitive 
- observations become wide-band
- “transient” science (FRBs, RRATs, ...)
- more emitters (cellphones: 4G → 5G, computers, satellites, …)
- modern emitters are wide-band (data rate!)
- modern emitters fill their band
- ITU regulations not updated 
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remote observatories
shield equipment (Faraday cages)
protected frequencies
radio quiet zones
signal processing
band-stop hardware filtering

Possible solutions
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Spectrum allocation

ITU-R Radio Regulations:
● 1.6% of the spectrum are primarily allocated to radio astronomy
● not all radiation is submitted to ITU-R regulations
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Protection zone around Nançay

[https://www.obs-nancay.fr/protection-radio/]

4 km
village
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● typical RFI-excision algorithm
● remove contamined data

RFI excision
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RFI mitigation using ML

● machine learning can restore part of the data
● what if emission is variable?
● what if band is “full”?

[Zhang et al., submitted] 
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RFI band-stop filtering

● when a band is full, no processing can clean it 
● full bands can be removed by hardware filter
● decision on LOFAR2.0: filter 165-185 MHz 
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remote observatories
shield equipment (Faraday cages)
protected frequencies
radio quiet zones
signal processing
band-stop hardware filtering

Possible solutions

self ground sky-I sky-UI

is applied (successfully)

is applied (partially successfully)

could be applied (but isn’t - yet?)

cannot be applied

legend:
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LOFAR beamformed observation

● observation in April 2022

(~2000 starlink satellites in orbit)

(on 2023-11-22: 4266 satellites)
● 1h observation 110-190 MHz
● 68 starlink satellites crossed beam

(22 at 550 km operational altitude

46 at 350 km altitude - still rising)
● beam crossing: ~1s

[satellitemap.space]
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Starlink: 3 satellites

● broad-band un-intentional signals
● emission in protected radio band
● signals spaced by 25 MHz → clock signal? flying computers
● a signal of 500 Jy - astronomers study sources at μJy-mJy

[di Vruno et al. 2023] 
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Starlink: simulation

● simulation of a 2h astronomical observation
● 70m spherical dish (equiv. international LOFAR station)
● 150-153 MHz band assigned to radio astronomy by ITU
● 0% of sky cells reach ITU recommended power level (≤ -194 dB [W/m2])

-188 dB [W/m2]
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remote observatories
shield equipment
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remote observatories
shield equipment
protected frequencies
radio quiet zones
signal processing
band-stop hardware filtering

Conclusions

self ground sky-I sky-UI

One person’s noise is another person’s data noise

→ future of radio astronomy?
→ need updated regulations (un-intentional emission)!
→ need communication between astrophysics ↔ satellite operators!
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