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Services provided by satellites
In low-Earth orbit and ground-
based astronomical
observations benefit all of us

Image credit: Planet Labs

Image Credit: NASA, ESA, STSci



U.S. Federal Communications Commission
Satellite Authorization Process

* [n the United States, the U.S. Federal Communications
Commission (FCC) licenses the operations of U.S. commercial
satellites. It also processes requests for access to the U.S.
market by non-U.S. satellite operators.

* As part of its regulatory review the FCC considers whether the
"public interest” would be served.

* To help ensure that license grants are in the public interest, the
FCC has included conditions in several satellite constellation

licenses to address the impact of the constellations on optical
astronomy.



-”’»-"* % FCC Example Grant Conditions Excerpt:
Qe License for Kuiper Satellite Constellation

* The operator is required “to continue to coordinate and collaborate with
NASA to promote a mutually beneficial space environment that would
minimize impacts to NASA’s science missions involving astronomy and to
coordinate with NSF to achieve a mutually acceptable coordination
agreement to mitigate the impact of its satellites on optical ground-based
astronomy.”

* The license also requires the constellation operator: “submit an annual
report to the Commission, by January 1st each year, covering the preceding
year and containing the following information: (1) whether it has reached a
coordination agreement with NSF addressing optical astronomy; and (2) any
steps ... taken to reduce the impact of its satellites on optical astronomy,
including but not limited to darkening, deflecting light away from the Earth,
attitude maneuvering, and provision of orbital information to astronomers for
scheduling observations around satellites’ locations.”



Coordination goals with the U.S. National
Science Foundation

* Understand challenges to astronomy and impact of various mitigations
* Agree on best practice guidance: achievable now and future goals

* Determine a baseline (modeling and observations)

* Evaluate progress towards reaching target metrics

* Encourage development of innovative solutions in both satellite and
telescope technology

* Maintain an ongoing collaboration between industry and science

We greatly appreciate the work being done by the IAU CPS and its
satellite industry partners in the Industry & Technology Hub



Sample of Best Practice Guidelines: |AU
Technical Studies and Recommendations

On-line Workshop
Dark and Quiet Skies

for Science and Society See https://cps.iau.org/industry-and-technology-hub/
R g e for Consolidated Recommendations and Best Practices
e TAU @ " and other resources
i L NSF has been encouraging companies to follow the
Dark and " "y .
‘Quiet Skies /7 recommended best practices.

 for Science and Society /

Research is ongoing and we expect the recommended
best practices to evolve over time.
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Satellite Constellations and Space Sciences

* Proliferation of satellite constellations in low-Earth orbit pose a ' ' 4

potential impact to scientific productivity of ground-based
» optical/infrared telescopes; and

* radio astronomy observatories, especially those in remote locations and the National Optical satellite streak
Radio Quiet Zone Image Credit: NASA, ESA, STSei

e FCC authorizations now include conditions in several

satellite constellation licenses to address the optical impact
* Coordination with NSF and annual report to the Commission including any steps taken
reduce the impact of its satellites on optical astronomy

* NSF has signed coordination agreements with OneWeb, SpaceX, M@g@ '

Amazon Kuiper, AST SpaceMobile (several more in progress)
 These agreements encourage best practice guidance as published by the
international center (IAU CPS), co-founded by NSF’s NOIRIab

* R&D is ongoing; including field testing and observations
* NSF Spectrum Innovation Initiative funding program (e.g., SWIFT-SAT)

* International attention:

 5-yragendaitem on optical portion of Dark and Quiet Skies at Committee on Peaceful
Uses of Outer Space Scientific and Technical Subcommittee and an agenda item on radio & A ;

\ / quiet zones for the 2027 World Radiocommunication Conference Coordinated testing at VLA; Image Credit: NRAO

g

NSF's NOIRLab impacted facilities
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Optical Facilities have different size fields-of-view

* Wide Field

+Mitigation: Reducing
apparent brightness of
satellites in sky to avoid
saturation and non-
linear effects

—Cannot effectively
observe faint or single
objects

Other challenges
include streak masking
residuals, variability and
glints

* Nancy Grace Romép Space .
Telescope/WFC/NASA

. Mayall/DESI/DOE |

S Vera C. Rubin'Obs'efvatdry/ o
.. LSSTCam/NSF/DOE" o

Image Credit: NOIRLab/NSF/AURA/Z. Bardon/J. Pollard

Example successful
outcome:

Several companies have
taken steps to modify
spacecraft designs to
reduce brightness:

e.g., Amazon Kuiper
recently launched a
prototype satellite with
mitigations to reduce
brightness for astronomy
to compare with an
unmitigated prototype.



Optical Facilities have different size fields-of-view

* Narrow Field Example successful outcome:
+Mitigation: Precise orbital
telemetry can aid in Several companies now providing their
scheduling to avoid ruining a orbital ephemerides, including operators
long integration of smaller-sized constellations:

e.g., Planet Labs operates a constellation

—Longer time to complete
large surveys of earth imaging satellites around 100 and

makes its ephemerides data available on its
website.

Image Credit: NASA,&£SA, STSci
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