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Mega-Constellations

 Fast internet
connection service via
>10k satellites

« OneWeb, Starlink,
Project Kuiper, ...
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Credit: NSF’s National Optical-Infrared Astronomy

Research Laboratory/CTIO/AURA/DELVE
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Starlink network in service

https://satellitemap.space
2021/11/24 OISTER WS 2021 5



Project Kuiper by Amazon
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VisorSat

60 160
I VisorSat
I VisorSat not seen
' . . _ 1 Original Starlink
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Interfered image at VLA

Credit: G.B. Taylor, NRAO/AUI/NSF.
star | 5

Satellite interference
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Radio Frequency Interference
Mitigation

RFI Mitigation Techniques

l |

Regulatory methods Technical Methods
Radio Quiet Controlling RF Frontend
Zones Observatory and Digital Offline Data
(External Generated Baseband Subsystem Processing
RFI) RFI Subsystems

J. M. Ford and K. D. Buch, "RFI mitigation techniques in radio astronomy,”
2014 |IEEE Geoscience and Remote Sensing Symposium, 2014, pp. 231-234

2021/11/24 OISTER WS 2021 15
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Coordination with Starlink

« Satellite > Earth o BIEEXX/\2E10.6-
10.7-12.7 GHz 10.7 GHzIZE X%+
(service link) BaTH5Z5%
17.8-18.6 / 18.8-19.3
GHz (feeder link) > BENERRXXE

+ Earth > Satellite =zl RA I, BIKX
14.0-14.5 GHz XIN\URICEEET S
(service link) Fv 1)L (10.7-10.95

27.5-29.1 / 29.5-30.0 GHz) #E19 3%

GHz (feeder link)
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Mitigation Techniques

* RFI excision -- “cutting out” RFls
— blanking data

— array beam-forming to null the direction of RFI
sources

* RFI cancellation — “subtracting” RFls

— Use of a reference antenna together with
post-processing

 Anti-coincidence — RFls are not coherent

iIn widely-spaced arrays; good for VLBIs

2021/11/24

See also Report ITU-R RA.2126
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1mages

Slides by M. Kesteven & R. Sault (2001)

Before and after
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 AAS meeting @ Honolulu, 2020 Jan

“Challenges to Astronomy from Satellites”
SpaceXDEltt K4S

e Satcon1/Satcon2
Elon Muskt & 15

» Dark and Quiet Skies Workshop 1/2
> LIR—rZEEFEHEENFIAZERICIR

I--I

KYUEELLVMEEL. https://aas.org/posts/advocacy/2021/08/
impacts-large-satellite-constellations-astronomy-live-updates
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* 2021 Jan:
DQS WS EZEZ#IAUN T T 7~ X
https://www.iau.org/news/announcements/detail/
ann21002/

e 2021 June:
IAU Centre for the Protection of the Dark Sky from
Satellite Constellation Interference
https://www.iau.org/news/announcements/detail/
ann21039/ \
F&LTHFRAZTR, ERRIIELITUTH G
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New |IAU Centre

* Work together in partnership to coordinate the observation and measurement of the
optical interference caused by satellite constellations.

* Establish contacts with the space companies and industries involved in the
construction and deployment of LEO satellites and eventually with their national
regulation authorities, in order to discuss and converge on relevant mitigation
measures.

* Foster and coordinate the study and testing of hardware solutions aimed at reducing
refligcted sunlight by the satellites as well as thermal emissions from the satellite
surfaces.

* Interface with space agencies in order to get access to accurate and up-to-date
orbital parameters of all LEO satellites.

* Work together in partnership to coordinate the development of “smart” scheduling
and/or detector operation software as well as specific artifact removal algorithms
and distribute them.

* Provide suggestions for possible international regulations governing LEO satellites to
the IAU Officers, in support of their pursuing the matter at COPUOS level.
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* Astrosat: forecasting satellite transits for optical
astronomical observations
Osborn, J., et al., MNRAS, 509, 1848-1853 (2022)
E’E)tips://academic.oup.com/mnras/article/509/2/1848/6406

* Visibility Predictions for Near-Future Satellite
Megaconstellations: Latitudes near 50 Degrees will
Experience the Worst Light Pollution
Lawer, Boley & Rein,
https://arxiv.org/pdf/2109.04328.pdf

* Characterizing the All-Sky Brightness of Satellite Mega-
Constellations and the Impact on Astronomy Research
Krantz, Pearce & Block,
https://arxiv.org/ftp/arxiv/papers/2110/2110.10578.pdf
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https://academic.oup.com/mnras/article/509/2/1848/6406501
https://arxiv.org/pdf/2109.04328.pdf
https://arxiv.org/ftp/arxiv/papers/2110/2110.10578.pdf
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https://prc.nao.ac.jp/freqras/index.html
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Photo by Shogo Nagayama (C) NAOJ
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