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INTRODUCTION

W E L C 0 M E to the Spring 2026 Spectrum Management Bi-Annual Report. NRAO
produces this report in April and October of every year to highlight recent efforts to detect,
understand and reduce Radio Frequency Interference (RFI) at our sites. These efforts require
sustained policy, hardware, software and concurrence efforts. As usual, the past 6 months have
been busy ones for Spectrum Management at NRAO. New wireless technologies continue to
challenge radio astronomers to find ways forward in an ever more crowded spectrum environment.

Since the last update, the New Mexico Interference Protection group (NM-IPG) has rebuilt a 1-10
GHz spectrum monitoring system dubbed the Electromagnetic Spectrum Monitor (ESM-1). This
system produces waterfall plots that allow scientists to examine continuous RFI data at the VLA site
for new and existing RFIl. The data from this spectrum monitor is one of the inputs for the newly
launched Dynamic Radio Interference Finding Tool (DRIFT) that is described in these pages. In the
past six months, the Operational Data Sharing (ODS) system continued to be improved and updated
at NRAO and adopted by other radio observatories, allowing them to serve their data and be
protected by Telescope Boresight Avoidance. ODS servers are now operational at NRAO for the VLA
and VLBA, and also at Hat Creek Radio Observatory, Haystack Observatory, CSIRO in Australia and
other locations around the globe.

With upcoming spectrum auctions, NRAO Band Study activities have intensified. NRAO is currently
funded to perform 7 GHz Band Study activities in coordination with the US National Science
Foundation and the NTIA. NRAO plans to submit proposals for other band studies as they are
announced in the coming months. One of the main goals of the current Band Study is the
construction and deployment of 10 Advanced Spectrum Monitor (ASM-2) devices, and progress on
this front is described in this report.

As always, the last page of this newsletter features the scientists, hardware and software engineers
and others who regularly contribute to NRAO’s Spectrum Management efforts throughout the year. |
hope that you enjoy these updates on our recent activities.

Chris De Pree
Assistant Director, Spectrum Management
Spring 2026

The goal of this newsletter is to update the community twice a year about current activities and recent developments in
NRAO Spectrum Management. If you have any questions or comments about any of the material presented in these pages,
please reach out to Chris De Pree (cdepree@nnrao.edu).



NRAO SPECTRUM
MANAGEMENT DIVISIONS

The ongoing work of Spectrum Management at NRAO is arranged in four divisions: Zone
Regulatory Services, Spectrum Monitoring and RFI Mitigation, Spectrum Policy, and Special

Projects.

The role of each division is explained in a bit more detail below:

ZONE REGULATORY

SERVICES

This division is responsible for all
concurrence work in the National Radio
Quiet Zone (NRQZ) and the Puerto Rico
Coordination Zone (PRCZ). The US NSF
requested NRAO to add oversight of the
PRCZ in 2023 after the closing of the
Arecibo Radio Telescope.

SPECTRUM MONITORING
AND RFI MITIGATION

This division is responsible for the
development and maintenance for NRAO-
wide RFI monitoring and mitigation. The
important observatory-level work of the
New Mexico and Green Bank Interference
Protection Groups are reported through
this division, and regular bi-annual
meetings of the RFlI Working Group serve
to focus this work. The development and
implementation of a new RFI GUI (the
Dynamic Radio Interference Finding Tool,
or DRIFT) are located here.

SPECTRUM POLICY

Spectrum policy takes place at the national
and international levels. This division is
responsible for shaping NRAO responses to
FCC decisions, and for NRAQ's participation
in international meetings like the
International Telecommunications Union (ITU)
and the World Radiotelecommunication
Congress (WRC).

SPECIAL PROJECTS

Several important development efforts are
taking place in this spectrum management
division, including the Advanced Spectrum
Monitor (ASM-2), and Operational Data
Sharing (ODS). This division houses
development efforts that will (if successful)
become part of the SMM efforts.



THE DYNAMIC RADIO
INTERFERENCE FINDING TOOL
(DRIFT)

Dawn Pattison, Spectrum Software Engineer, & Aaron Lawson, RF| Data Analyst (VLA/VLBA)

The Dynamic Radio Interference Finding Tool, DRIFT, has made significant progress in the
last six months. One of the major newly added features is the ability to view the FCC's
frequency allocation chart as the background of the plotted spectra. This allows users to
explore how the radio spectrum is shared amongst various users and can give an idea as to
the source of any signals of interest.

Additionally, with the help of the NRAQ's Scientific Information Services team, DRIFT’s initial
release was successfully deployed at https://drift.nrao.edu/ with a small sample of data
and is now available for feedback. Comments from the initial release are being curated and
suggestions will be developed into new features.

DRIFT spectral plot of VLA L-band RFI Sweep data with FCC allocations plotted as the background. Chart style
and colors have been copied from the official FCC allocations chart. As seen in the teal inset, users can hover
their mouse over a section to display the allocation, such as the 1.400-1.427GHz range designated to Radio
Astronomy for the study of the Hydrogen line.






THE NEW MEXICO INTERFERENCE
PROTECTION GROUP (NM-IPG)

Frank Schinzel, Staff Scientist

The NM-IPG continued to meet monthly over the past six months, discussing topics
surrounding RFI impacts on the VLA/VLBA and coordination with spectrum stakeholders
around New Mexico and their impact on VLA/VLBA operations. Key activities in the past 6
months focused on expanding Operational Data Sharing to VLBA sites, coordination and
work on mitigation from new mobile wireless technology deployment at the VLA, a
Tropospheric Scattering Pilot Field Experiment in the context of NTIA's 7 GHz band study
and continued engagement with spectrum stakeholders.

CHARACTERIZING NEW MOBILE TOWER DEPLOYMENT IMPACTS

Around January 25, 2026 a new AWS/PCS
deployment was completed at the tower
near the end of the East arm of the VLA
(Gray Hill). This marks the first mobile
communication base station above 1 GHz
in the history of the VLA with base-station
transmit frequencies in the range 1930-
1955 MHz and 2145-2170 MHz showing
an especially significant impact from the
upper frequency band which falls into the
S-band receiver of the VLA. The receivers
on antennas closest to the tower along the
East arm of the VLA were significantly
driven non-linear.

This impacts primarily amplitude calibration
in scientific observations but can also cause
phase instabilities and impacts achievable
system sensitivity.

NRAO has been in close contact with the
wireless provider and is working on a
mitigation strategy to minimize impacts on
science observations, while still allowing
coverage by these new deployments. This
new interference occurred toward the end of
the BnA VLA configuration, which affected
primarily the end of observations for the VLA
Sky Survey at S-band.

Once the VLA reconfigured to A configuration,
observations at S-band were paused until
March 23rd 2026 to evaluate impacts. A
modified S-band instrument setup was made
available to users that reduces baseband
compression on antennas more distant from
the tower, while further mitigation efforts with
the wireless provider are pending.



THE ADVANCED SPECTRUM
MONITOR (ASM-2): A
DEVELOPMENT UPDATE

David Bordenave, Electronics Engineer, & Diddy Didier, Electronics Engineer

Over the past six months, the ASM team has made significant strides in bringing the ASM-2
to life. Engineers have successfully assembled the core electrical systems, including the
Monitor & Control (M&C), Local Oscillator (LO), Intermediate Frequency (IF), and Power
Distribution Unit (PDU) components, and have completed the bench testing of a full receiver
panel. A major milestone was reached with the delivery of the first ASM-2 enclosure and the
assembly of its structural components, providing a tangible physical form to what had
previously existed only in CAD designs. Work continues integrating the various sub-systems
within the enclosure, assembling additional front-end receivers, and constructing the
protective Radome that will shield the sensitive components of the instrument from

environmental elements.
Cont. >

ASM-2 sub-system assembly, showcasing the integration of core electrical and structural components.



Looking ahead to the next six months, the team is focused on completing the first full ASM-
2 prototype and conducting thorough characterization of the system both in the laboratory
at the Central Development Lab (CDL) and in the field at the Green Bank Observatory (GBO).
This dual-environment testing will validate the instrument’s performance under real-world
observing conditions. Alongside prototype completion, the program will transition toward
producing additional units and advancing software development and documentation
efforts. An active thermal control system and a weatherization kit are also under
development, ensuring the ASM-2 can operate reliably across diverse and demanding
environments as it moves closer to full deployment.

System integration of the ASM-2 within its enclosure, a key step toward completing the first prototype.



ZONE REGULATORY SERVICES

Sheldon Wasik, Zone Regulatory Services (ZRS ) Coordinator, & Riley Dunnagan, NRQZ Assistant

The NRAO Spectrum Management Department
(SMD) has continued documenting information
on the National Radio Quiet Zone (NRQZ)
applications. December 2025 set a record-
breaking number of applications per month
since tracking started in December 2021. The
following two months continued this record-
breaking trend as can be seen in the first Figure
below. The applications across this time period
have been dominated by cellular upgrades,
however there has been an uptick in NRQZ
applications greater than 70 GHz, which can be
seen in the second Figure below. Of the 521
applications received during FY2026 so far,
about 75% have been issued a letter of
concurrence, and 25% are awaiting additional
engineering information.

In addition to the typical NRQZ application work,
the ZRS office recently published NRAO RFI
Memo 165, titled “Identifying Likely Locations
for TV Station RFI in the GBO CHIME Outrigger.”
This memo explores daily GBO CHIME
Outrigger data, with a focus on strong radio
frequency interference (RFI) likely emanating
from television stations. Using public FCC data
and on-site received signal strengths, RF
propagation modeling was utilized to identify
likely transmitter locations. Results suggest the
strongest sources of TV station RFI are located
close to, but outside the border of the NRQZ,
with some locations are as distant as Ohio and
Pennsylvania.

Cont. >

The number of NRQZ applications per month from December 2021 to March 2026.
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The number of NRQZ facility applications received by frequency from January 2022 until March
2026. Note that 99.5% of applications received in this time period are for transmitters below 30 GHz.



Bert Hawkins, Assistant Director for the NSF NRAO'’s Central Development Laboratory (CDL), presents the NSF
NRAO Award for Achievement in Astronomy and Radio Science to eighth grader Zepherin Soika at the Virginia
Piedmont Regional Science Fair (VPRSF).

Broader Impacts remain a priority of the NRAO Spectrum Management Department and
staff supported Observatory education, workforce development, and public outreach
initiatives by participating in various events:

Chris De Pree was a guest speaker during Astronomy on Tap Charlottesville’s quarterly event held

at Firefly Restaurant in Charlottesville, VA on March 9. De Pree presented a talk titled,"What is the

radio spectrum and why does it need protection?”, and the livestream of his talk is available here:
=watch_permalink&v=1576476666955543



https://www.facebook.com/watch/live/?ref=watch_permalink&v=1576476666955543

Bang Nhan and Sheldon Wasik served as a mentor and judge, respectively, at the Virginia
Piedmont Regional Science Fair held at the Piedmont Virginia Community College in
Charlottesville, VA on March 12. Wasik's mentees, Catherine Hopkins and Elizabeth Whittle
from Charlottesville Catholic School (CCS), took first place in the Engineering: Materials and
Bioengineering category for their project, "Burning Rubber: Why did Pirelli Eliminate the C6
Tyre Compound?” and also received special awards from AFCEA Data Analytics and the
Next Engineer Award.

Also presented at the science fair was the NSF NRAO Award for Achievement in Astronomy
and Radio Science, sponsored by the Spectrum Management Division, which recognizes “a
project that demonstrates outstanding application of scientific or engineering principles in
astronomy, radio science, or related fields such as radio-frequency waves, radio antenna and
receiver instrumentation, signal detection, or space science.” The award was presented to
Zepherin Soika, an eighth grader from CCS. Zeph's project, “Can You Hear Me Now?
Investigation of a Dipole Antenna Array on Signal to Noise Ratio” also took third place in the
Engineering: Electrical & Mechanical category.

Daniel Bautista was one of a handful of NRAO staff members selected to represent the
Observatory at the Pocahontas County High School Career Fair held in Dunmore, WV on March 20.
Bautista engaged with Grade 10-12 students in Pocahontas County about the various careers
available to them in radio astronomy, including radio spectrum research, innovation, and
management.

Cont. >




Riley Dunnagan and Anja Fourie supported a SpectrumX exhibition at the Atlanta Science
Festival Exploration Expo, Atlanta, GA on March 21. The exhibition titled “Radio spectrum:
What is it, who owns it, and why should we care?” introduced visitors tothe radio spectrum
and its uses and value through interactive activities. The expo is the culmination of the two-
week festival and was attended by approximately 10,000 visitors from around the country.




OPERATIONAL DATA SHARING
(ODS)

Bang Nhan, RFI Scientist; Aaron Lawson, RFI Data Analyst (VLA/VLBA); & Daniel Bautista, RFI Data Analyst

ODS is NRAQ's attempt to facilitate the near real-time communication of telescope
status to satellite operators. By design, the functionality of the ODS at the NRAO
telescopes should require no special actions on the part of observers. The NRAO
systems process observer data without any intervention from observers. All reported
observations are protected by Telescope Boresight Avoidance (TBA). TBA is a
satellite tasking scheme developed by SpaceX and NRAO, that allows Starlink
satellites to respond to the ODS-shared radio telescope information. Once the
Starlink system identifies that a satellite trajectory will pass close to a telescope
boresight operating at one of its frequency channels, the satellite constellation takes
one of three actions:

« If the satellite passes outside of an agreed “outer boresight” region (defined as
an angular separation from the boresight position on the sky), it takes no action.

« If the satellite crosses into the “outer boresight” region, it will task its beams far
from the radio telescope (typically 180 km) so that the telescope is only
illuminated by the downlink beam'’s sidelobes.

« If the satellite further crosses into an agreed upon “inner boresight” region, it will
momentarily disable beam forming, completely quieting the phased array

antenna and other related electronics.
Cont. >
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A simplified illustration of the two approaches enabling spectrum coexistence between radio
telescopes and satellite operators. (Left) Zone avoidance (ZA) provides the basic protection with
satellites placing DL beams far away from radio telescopes residing within their 10.7-12.7 GHz internet
service cells, highlighted by orange hexagonal hierarchical geospatial indexing regions in the lower
insets, as reproduced from the Starlink Availability Map online in February 2025. (Right) Telescope
boresight avoidance (TBA) provides an advanced protection when a satellite is passing close to the
telescope main farfield beam (or boresight). The TBA consists of two modes: the inner boresight
region (white dashed circle) where the satellite would briefly turn off the formation of phased array
beams; and the outer boresight region (orange dashed annulus) within which the satellite places its DL
beams far from the telescope site. (Credit: NRAO/SMD/Paul Vosteen).

Below, we describe some of the experiments carried out with ODS in the past six months.

VLBA EXPERIMENTS
In our last report we noted that the Very Long Baseline Array (VLBA) had just started
reporting its observations via the ODS system. Testing and validation has continued this last
semester and we're pleased to say the results have largely been successful! Using the same
metrics and validation procedures we previously used for the Very Large Array (VLA) we can
reliably detect lower incoming power levels on the antennas when Starlink satellites come
close to the antennas' boresight.

Cont. >
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GBT EXPERIMENTS

We have also started preliminary testing of ODS reporting on one project on the Green Bank
Telescope (GBT). The GBT provides unique challenges due to the observer's ability to
directly control the telescope, which makes advance predictions of the GBT pointing
challenging. For the initial tests, a project observing a single target with observing scripts
designed to be run by the GBT operator was selected. This project's target coordinates and
observing times have been reported to ODS since late October 2025. Validation
observations have been scheduled for late March 2026, to test the performance of the
reporting software and to verify the TBA actions taken by the Starlink satellites using a
higher time resolution than what is available from the science observations.

Cont. >

Spectra plot of auto-correlation data taken from the VLBA's Fort Davis antenna. Orange/red shaded regions
represent outer/inner Telescope Boresight Avoidance (TBA) events reported to NRAO by SpaceX. Dashed lines
represent satellite distances to antenna boresight independently calculated from publicly available Two-Line
Element (TLE) data. Sharp drops in measured signal strength can be seen during the TBA events and correspond
to automated avoidance methods taken by the Starlink satellites with data they receive from the ODS system.
The Direct-to-Cell service operates at 1990-1995 MHz.
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A subset of the scans from science observations with ODS reporting enabled. For this data, the median
bandpass shape has been subtracted to show variations in the power levels from RFI. Orange/red shaded
regions represent outer/inner Telescope Boresight Avoidance (TBA) actions reported by SpaceX. The time
resolution is 30 seconds per integration. The lower boundary of Starlink Ch-1 (10.7 - 10.95 GHz) is marked with

the dashed line and continues past the frequency window of this plot. On the right, the satellite ID and angular
distance to GBT boresight are annotated.
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THE GREEN BANK
INTERFERENCE PROTECTION
GROUP (GB-IPG)

Karen O’Neil, Senior Scientist (GBO)

The GB-IPG meets bi-weekly to discuss current RFI challenges at the GBO site and in
the NRQZ more broadly. Below is a description of a new GBO initiative.

DIGITIZING THE L-BAND SIGNAL

To combat RFI, a group of scientists and engineers at Green Bank Observatory have
been working on a design to digitize data from the GBT's L-band (~1-2 GHz) receiver
much earlier in the signal chain. The goal is to avoid baseline variations during
observing scans, which can result from strong in-band and out-of-band RFI. The
proposed change would also improve the receiver’s resilience to RFI while providing
a pathway for future work to remove RFI from the data in real-time.

To minimize disruption to observers, this new digitized signal would not replace the
current signal path for the L-band receiver but instead would be a tap off the existing
signal chain, likely right after the noise diode injection (see Figure). From that tap,
the signal would go through a choice of frequency filters and then to a 14-bit analog-
to-digital converter. That signal would then ultimately be received by one of the
VEGAS spectrometer banks, arriving in a familiar form for GBT observers.

Cont. >
Receiver
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A simplified schematic showing the current (black) and proposed new (red) signal path for the GBT's L-band receiver.



The initial project would only digitize up to 100 MHz of signal from the L-band feed,
from about 1327-1427 MHz, with 0.81 kHz resolution. If the idea is successful,
though, the frequency range, resolution, etc. could be expanded to cover more, or
even all, of the L-band frequency range. It could also be adopted for other GBT
receivers in the under 10 GHz range.

The team is also looking into the possibility of adding supercooled filters to the L-
band feed, to better protect against out of band RFI, as well as the idea of super

cooled limiters to protect the receiver from strong beam-to-beam satellite signals.

Funding for this project is currently being sought.
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ALMA Creates Largest-Ever Image of the
Milky Way'’s Core

Source: https./public.nrao.edu/news/alma-creates-largest-ever-
image-of-the-milky-ways-core
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	Riley Dunnagan and Anja Fourie supported a SpectrumX exhibition at the Atlanta Science Festival Exploration Expo, Atlanta, GA on March 21. The exhibition titled “Radio spectrum: What is it, who owns it, and why should we care?” introduced visitors tothe radio spectrum and its uses and value through interactive activities. The expo is the culmination of the two-week festival and was attended by approximately 10,000 visitors from around the country.
	OPERATIONAL DATA SHARING (ODS)
	ODS is NRAO’s attempt to facilitate the near real-time communication of telescope status to satellite operators. By design, the functionality of the ODS at the NRAO telescopes should require no special actions on the part of observers. The NRAO systems process observer data without any intervention from observers. All reported observations are protected by Telescope Boresight Avoidance (TBA). TBA is a satellite tasking scheme developed by SpaceX and NRAO, that allows Starlink satellites to respond to the ODS-shared radio telescope information. Once the Starlink system identifies that a satellite trajectory will pass close to a telescope boresight operating at one of its frequency channels, the satellite constellation takes one of three actions:
	If the satellite passes outside of an agreed “outer boresight” region (defined as an angular separation from the boresight position on the sky), it takes no action.
	If the satellite crosses into the “outer boresight” region, it will task its beams far from the radio telescope (typically 180 km) so that the telescope is only illuminated by the downlink beam’s sidelobes.
	If the satellite further crosses into an agreed upon “inner boresight” region, it will momentarily disable beam forming, completely quieting the phased array antenna and other related electronics.

	A simplified illustration of the two approaches enabling spectrum coexistence between radio telescopes and satellite operators. (Left) Zone avoidance (ZA) provides the basic protection with satellites placing DL beams far away from radio telescopes residing within their 10.7-12.7 GHz internet service cells, highlighted by orange hexagonal hierarchical geospatial indexing regions in the lower insets, as reproduced from the Starlink Availability Map online in February 2025. (Right) Telescope boresight avoidance (TBA) provides an advanced protection when a satellite is passing close to the telescope main farfield beam (or boresight). The TBA consists of two modes: the inner boresight region (white dashed circle) where the satellite would briefly turn off the formation of phased array beams; and the outer boresight region (orange dashed annulus) within which the satellite places its DL beams far from the telescope site. (Credit: NRAO/SMD/Paul Vosteen).
	Below, we describe some of the experiments carried out with ODS in the past six months.
	VLBA EXPERIMENTS In our last report we noted that the Very Long Baseline Array (VLBA) had just started reporting its observations via the ODS system. Testing and validation has continued this last semester and we're pleased to say the results have largely been successful! Using the same metrics and validation procedures we previously used for the Very Large Array (VLA) we can reliably detect lower incoming power levels on the antennas when Starlink satellites come close to the antennas' boresight. Cont. >
	GBT EXPERIMENTS We have also started preliminary testing of ODS reporting on one project on the Green Bank Telescope (GBT). The GBT provides unique challenges due to the observer's ability to directly control the telescope, which makes advance predictions of the GBT pointing challenging. For the initial tests, a project observing a single target with observing scripts designed to be run by the GBT operator was selected. This project's target coordinates and observing times have been reported to ODS since late October 2025. Validation observations have been scheduled for late March 2026, to test the performance of the reporting software and to verify the TBA actions taken by the Starlink satellites using a higher time resolution than what is available from the science observations.
	A subset of the scans from science observations with ODS reporting enabled. For this data, the median bandpass shape has been subtracted to show variations in the power levels from RFI. Orange/red shaded regions represent outer/inner Telescope Boresight Avoidance (TBA) actions reported by SpaceX. The time resolution is 30 seconds per integration. The lower boundary of Starlink Ch-1 (10.7 - 10.95 GHz) is marked with the dashed line and continues past the frequency window of this plot. On the right, the satellite ID and angular distance to GBT boresight are annotated.
	Karen O’Neil, Senior Scientist (GBO)
	The GB-IPG meets bi-weekly to discuss current RFI challenges at the GBO site and in the NRQZ more broadly. Below is a description of a new GBO initiative.
	DIGITIZING THE L-BAND SIGNAL  To combat RFI, a group of scientists and engineers at Green Bank Observatory have been working on a design to digitize data from the GBT’s L-band (~1-2 GHz) receiver much earlier in the signal chain. The goal is to avoid baseline variations during observing scans, which can result from strong in-band and out-of-band RFI.  The proposed change would also improve the receiver’s resilience to RFI while providing a pathway for future work to remove RFI from the data in real-time.
	To minimize disruption to observers, this new digitized signal would not replace the current signal path for the L-band receiver but instead would be a tap off the existing signal chain, likely right after the noise diode injection (see Figure).  From that tap, the signal would go through a choice of frequency filters and then to a 14-bit analog-to-digital converter.  That signal would then ultimately be received by one of the VEGAS spectrometer banks, arriving in a familiar form for GBT observers. Cont. >

	THE GREEN BANK INTERFERENCE PROTECTION GROUP (GB-IPG)
	The initial project would only digitize up to 100 MHz of signal from the L-band feed, from about 1327-1427 MHz, with 0.81 kHz resolution.  If the idea is successful, though, the frequency range, resolution, etc. could be expanded to cover more, or even all, of the L-band frequency range.  It could also be adopted for other GBT receivers in the under 10 GHz range.
	The team is also looking into the possibility of adding supercooled filters to the L-band feed, to better protect against out of band RFI, as well as the idea of super cooled limiters to protect the receiver from strong beam-to-beam satellite signals.
	Funding for this project is currently being sought.
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