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Threatening trend for remote locations  
Active transmissions impacting the Very Large Array in 
New Mexico, USA, grew significantly from 2014 to 2023

Trend accelerating
many cellular bands about to open to satellite transmission

Band (Frequency) Fractional Loss 
2014

Fractional Loss 
2023

Change in 
9 years

P-band (224-480 MHz) n/a 40% n/a

L-band (1-2 GHz) 23% 37% +61%

S-band (2-4 GHz) 32% 38% +19%

C-band (4-8 GHz) 10% 17% +70%

X-band (8-12 GHz) 6% 16% +167%

Ku-band (12-18 GHz) 9% 9% little change

K-band (18-26 GHz) 5% 8% +60%

Ka-band (26.5-40 GHz) < 1% < 1% no change

Q-band (40-50 GHz) < 1% < 1% no change

Total Fraction Loss (1-25 GHz) 10% 15% +50%

Analysis of data from the periodic VLA interference 
scans on NCP / Comparison in D configuration 
(worst-case)

Estimates derived by selecting a power threshold and 
counting bins where RFI exceeds that power level

Observation times increase as 
available bandwidth decreases

Total science return from telescopes 
goes down

Time-domain and multi-messenger 
astronomy becomes difficult

mainly driven by terrestrial applications
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Advanced Spectrum Monitor 
(ASM-2) 

Direction Finding System

50-foot tower with omni-directional

NRAO is developing an Integrated system 
for 24/7 Monitoring of the Spectrum 

Environment

Situational Awareness: Monitoring of the Spectrum Environment
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VLA

VLBA Pie Town

Impacts from terrestrial transmitters

All major cell service carriers serve the area 
around the VLA impacting observations.

• Primary cell service
• Microwave point2point links
• Radars (e.g. ILS ABQ airport)

Pulsed radars can be somewhat mitigated 
through real-time sensing and blanking of
voltage samples at the telescope. 
https://ieeexplore.ieee.org/document/10043118
  

50 km radius

https://ieeexplore.ieee.org/document/10043118
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Impact of GNSS constellations on HI surveys (adopted from K. Spekkens)

HI Surveys are currently avoiding 
~1.1-1.3 GHz (0.09 < z < 0.22)
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Can’t hide from satellite transmissions 
anywhere on Earth
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Possible Coexistence Schemes for non-GSO Satellites 

Zone Avoidance
 Downlink beam placement to
 avoid radio telescopes (incl. nulling)

Boresight Avoidance
 Momentarily disable downlink
 (<3-5s) when close within a certain
 telescope’s boresight threshold

Frequency Avoidance
 Only downlink at sub-bands not 
 being used by the telescopes



Operational Data Sharing (ODS)
Green Bank Telescope (GBT) Testing of Boresight Avoidance: 
Nhan, B.; De Pree, C.; et al. (2024), ApJ Letters, Vol 971, issue 2
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• Self-hosted by NRAO
• Currently reporting VLA&GBT

from observation scheduler
database

• Queried by space operators
• Standardized data format

and API specifications for
broader adoption

Automated Coexistence Scheme

Development by NRAO supported through NSF:
SII NRDZ: Dynamic Protection and Spectrum Monitoring for Radio Observatories (AST-2232159),
SWIFT-SAT: Observational Data Sharing (AST-2332422)

https://ui.adsabs.harvard.edu/abs/2024ApJ...971L..49N/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...971L..49N/abstract
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2232159
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2332422


ODS’s REST API JSON data format
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Online documentation: https://obs.vla.nrao.edu/ods/

https://obs.vla.nrao.edu/ods/


VLA ODS full-time avoidance activated by SpaceX

Boresight shutoff threshold = 0.2 degree Inner = shut off downlink (DL) beam
Outer = place DL beam far from VLA



Effect of Starlink boresight 
avoidance on GBT
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Collaboration and better 
understanding of system parameters



VLA Supplemental Coverage from Space / Direct-to-Cell (1990-1995 MHz) TBA example
Figure below from Nhan, et al. (2025), under review, https://arxiv.org/abs/2502.15068
Yellow (outer boresight); Red (inner boresight)

 

https://arxiv.org/abs/2502.15068


ODS/Boresight Avoidance

ODS Operational at VLA
• X-band (August 2024)
• L-band (December 2024)

Current ODS adopters​
Hat Creek Radio Observatory (HCRO-ODS)​

TBA active with SpaceX​

CSIRO Australia Telescope National Facility (CSIRO-ODS)
TBA active with SpaceX​

MIT Haystack Observatory (Haystack-ODS)​
Under test​ing

Owens Valley Radio Observatory (OVRO-ODS)​
Under development​

ODS: Ongoing Developments

• Testing underway for select
GBT’s X-band receiver users​

• Implementation for 10 VLBA stations​
• Upgrading the current Node.js 

(JavaScript) API with FastAPI (Python) 
• Adopting API token authentication 
• Discuss modification of API JSON 

format in collaboration with potential 
ODS adopters​ (July 1st meeting)

      ODS/TBA likely limited to large                    
                  constellations only.



Spectrum availability is currently addressed in a manual fashion.
Need to make automated dynamic scheduling system spectrum aware,
Including knowledge for satellite transmission encounters.

Can we predict spectrum occupancy 
and take this into account for scheduling like weather?

Dynamic Scheduling of the Very Large Array
The VLA has a semi-automated system for dynamic scheduling:

The array operator picks observations from a list of projects that 
is generated following certain criteria.

Criteria that influence dynamic scheduling:
• Science Priority
• Target position on the sky (time)
• Weather Conditions (Opacity, Wind)
• Availability of Resources (Correlator, Antennas, Receivers)
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Conclusions
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Modern radio astronomy facilities operate in an increasingly challenging spectrum 
environment, operational models and sub-components must be designed to be 
“spectrum aware”:

1. Ongoing situational awareness of spectrum use around facility.
2. Incentivize collaboration with active users and regulators 

to mitigate transmissions as much as possible. 
3. Employ resilient analog and digital systems, including active mitigation in mind
4. Software systems that collect and provide operational data in real-time
5. Dynamic telescope scheduling spectrum aware and real-time
6. Record and pass spectrum usage knowledge to post-processing

Next steps: leverage ODS for other applications than satellite bore-sight avoidance,
e.g. automate frequency switching of Wifi or cell-towers.



Awareness for Wetterstein Millimeter Telescope
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• WiFi (ISM bands 2.4/5 GHz)
• 5G cell service
• Cell-tower backhaul links
• Microwave Links
• Air Traffic Control
• Both on the Austrian and German sides
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