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1. Give an example of Coordination between active 
and passive services to minimize RFI

2. Summarize challenges for Passive sensors

3. Quiz

Objectives



Arecibo Observatory

RAS radio telescope with 
capabilities to operate as:
1. passive sensor

(radiometer measuring 
natural emissions) and 

2. as active sensor (radar Tx 
&Rx from planets and 
other targets.

Sensi&vity: –250dBW/Hz.m2

~30% time



• A low-level airborne 
ground surveillance system 
that uses aerostats 
(moored balloons) as radar 
platforms, ran by US CBP.

https://www.cbp.gov/frontline/frontline-november-aerostats

Tethered Aerostat Radar System (TARS)



Did you know thatMOU –Coordina-on     

Objects under Study
(e.g.  Pulsars, 
sunspots, galaxy)
…far, far Away

AcDve 
sensor Tx
(radar)

Passive sensor Rx
(Radiometer)
Arecibo Observatory



PR Map

Radar surveillance 
for drug traffic sea 
vessels
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Occurrence of RFI versus frequency by month for Arecibo Obs.

Recent updates:
http://www.naic.edu/~phil/rfi/rms.html

Jan-Sept 2014

http://www.naic.edu/~phil/rfi/rms.html


• RA.769 : Protection criteria used for radio astronomical 
measurements

• SM.1542 The protection of passive services from unwanted 
emissions

• RA.1513 Levels of data loss to radio astronomy observations 
and percentage-of-time criteria resulting from degradation by 
interference for frequency bands allocated to the radio 
astronomy on a primary basis 

ITU-R Rec important for passive sensors



• Aggregate effect- accumulated radiation from a multitude of 
emitters on the ground, both from in-band and out-of-band.

• RFI of similar level to observable data -undetected corrupting 
data that is then mistaken for valid data leading to flawed 
conclusions.

Remember: Mitigation ≠ Excision

Summary of challenges for passive sensors



EXTRA SLIDES



RFI example @ Ac.ve sensors

Average percentage of scatterometer observations at L-band with RFI for the whole year 
of 2014 on the NASA Aquarius.(Image Courtesy of De Matthaeis, NASA)



RFI from Wind turbines on Radars

• Large radar cross-section 
(RCS) 

• Due to blades movement → 
Doppler frequency shift. 

• May cause severe RFI on 
airborne, ground-based, & 
spaceborne radars.

• Mitigation techniques
Detecting and Mitigating Wind Turbine 
Clutter for Airspace Radar Systems 
WenQin Wang* 



Free in PDF

• Handbook of Frequency Alloca=ons and Spectrum Protec=on 
for Scien=fic Uses, 2nd Ed. CORF 2015

• A Strategy for Ac=ve Remote Sensing amid Increased 
Demand for Radio Spectrum, NAS 2015

• Spectrum 101; An Introduc=on to Na=onal Aeronau=cs and 
Space Administra=on Spectrum Management, NASA 2016

• Spectrum Management for the 21st Century, NAS



• Avinash, A. Deshpande1,&B. M. Lewis , IRIDIUM SATELLITE SIGNALS: A CASE STUDY IN 
INTERFERENCECHARACTERIZATION AND MITIGATION FORRADIO ASTRONOMY 
Observations 
http://www.rri.res.in/~desh/PS/desh_Lewis_RFI_URSI_2005_JE.2_01408.pdf

• Mohammed , P. et al, Soil Moisture Active Passive (SMAP)Microwave Radiometer 
RadioFrequencyInterference (RFI)Mitigation: Initial On-Orbit Results , SMAP CAL VAL 
WORKSHOP #6, 2015, available from:  
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20150018099.pdf 

• http://www.naic.edu/~phil/rfi/rms.html
• Tallinn , Impact Of Unwanted Emissions Of Iridium Satelliteson Radioastronomy

Operations In The Band 1610.6-1613.8 Mhz, October 2011 
http://www.erodocdb.dk/Docs/doc98/official/pdf/ECCREP171.PDF

• Piepmeier, J.  Et al., Radio-Frequency Interference Mitigation for the SoilMoisture
Active Passive Microwave Radiometer, iEEE trans on GRS, Jan 2014,  available at:  
https://pdfs.semanticscholar.org/428d/00fab3e8a279f3f8f29885c8a4ff03915be6.pdf

• Microwave oven to blame for mystery signal that left astronomers stumped  
https://www.theguardian.com/science/2015/may/05/microwave-oven-caused-
mystery-signal-plaguing-radio-telescope-for-17-years

• http://spacenews.com/nasa-focused-on-sentinel-as-replacement-for-smap-radar/
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Detection and Mitigation Algorithm: Assessment and Examples, IEEE T. Geosci. 
Remote, 52 (8). https://directory.eoportal.org/web/eoportal/satellite-
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• SpaceX Wants to Launch Thousands of Satellites. What on Earth For?  
https://www.wired.com/story/spacex-wants-to-launch-thousands-of-satellites-what-
for/

• http://licensing.fcc.gov/cgi-
bin/ws.exe/prod/ib/forms/reports/swr031b.hts?q_set=V_SITE_ANTENNA_FREQ.file_
numberC/File+Number/%3D/SATLOA2017030100027&prepare=&column=V_SITE_A
NTENNA_FREQ.file_numberC/File+Number
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• NASA, NOAA, ITU websites
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