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RFI

� For a radiotelescope is:

� any unwanted signal

often with level > > cosmic sources� often with level > > cosmic sources

� produced by ground communications

� produced by the radiotelescope equipment

� produced by space communications
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RFI (cont.)

� Allocated bands are very often too narrow for the wide 
band required to achieve high sensitivity

� Spectral line sometimes not in the protected band� Spectral line sometimes not in the protected band

� Radio astronomy and geodesy then must observe 
bands allocated for other services

� Radiotelescopes need to find strategies and methods 
to minimize error effects on useful data
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� Sensitivity of a radiotelescope + receiver is set by the 
system noise temperature => tolerance to RFI needs to 
be compared to this

� Probability to have RFI in the main beam is low, but 

How RFI affect observations (cont.)

� Probability to have RFI in the main beam is low, but 
still possible

� In normal condition RFI enter  the system trough the 
side lobes

� An easy approximation for most of the cases is that we 
dispose of an additional  0 dBi antenna with collecting 
area  λ2 / 4 π
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How RFI affect observations (cont.)

RFI to noise power 
ratio is then 

In single-dish observations  with integration time t such value is 
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In single-dish observations  with integration time t such value is 
multiplied by            and represents the most sensitive  observing mode to 
RFI.
Harmful thresholds in the RFI flux density can be defined for typical 
observing conditions. For instance tolerating a 10% RFI level with respect 
to the system noise produces thresholds of

-170 dBm/m2 @ 100MHz, -160 dBm/m2 @ 1GHz, 
-130 dBm/m2 @ 10GHz, -100 dBm/m2 @ 100GHz



How RFI affect observations (cont.)

In VLBI RFI introduce additional uncorrelated noise so the 
correlation coefficient is modified like
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RFI in practice increase the system temperature in one or 
both stations reducing the sensitivity

Typically  the harmful level in VLBI is about 40 dB greater 
than the single-dish case tolerating a 1 % interference to 
system noise ratio



Example at the correlator

FRFF 2009 - Wettzell



Example at the correlator
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At a VLBI station
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Control room



At a VLBI station

� If we need to fight against an enemy it’s better  we 
know  who is and where is coming from

� Any station should have personnel dedicated part of 
the time to have knowledge of RFI

� A systematic and automatic monitoring could be 
worth to be set

� A list with the RFI information of frequency, 
polarization, direction, bwd, time presence, etc.  
represents a sort of RFI_ID_card

� Standardization could be worth
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Example of equipment to monitor RFI
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How to monitor
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When to monitor
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What to monitor
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Example of log file
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Very strong interference

� For worst case RFI able to saturate (or distroy) the 
front-end LNA some pre-filtering would be required

� Hight Temperature Superconducting (HTS) materials
could offer a solutioncould offer a solution

� Different possibilities, one explored: YBCO on LaAlO3 
substrate

� In Noto extensively studied and simulated X, C and L

� L band filter realised in Noto to reduce a strong radar 
emission

� Other examples (few) are in literature
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Noto L band HST Filter
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Noto L band HST Filter

FRFF 2009 - Wettzell



Other examples
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Other examples (cont.)
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Relevant RFI: mitigation in digital

domain

� Can be removed at different stages in the digital 
process

Time – Frequency – Time domain conversion and � Time – Frequency – Time domain conversion and 
clipping have been extensively simulated and tested at 
pre-conversion stages in the DBBC (simple)

� More complex operations can be realized based on 
real-time cancelling (complex but possible, see several 
examples in literature, eg. Westerbork) 
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Method adopted in the DBBC

� An additional Core2 is required as front-end element 
for 2 polarizations

Core2
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Conclusions for VLBI2010
� It looks reasonable to evaluate whether  a station should 

dispose of RFI monitor equipment

� It could be worth to evaluate if a standardized method is 
useful

� A real-time RFI log file to be added to other observation 

FRFF 2009 - Wettzell

� A real-time RFI log file to be added to other observation 
logs?

� With a continuous receiving band a tuning strategy to 
avoid RFI is possible

� Worst case signals (saturation) needs to be treated case by 
case

� Mitigation to reduce large peaks in the band is possible 
with digital methods before band conversion


