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European Southern Observatory
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The Extremely Large Telescope
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24 May 2019: SpaceX launches first test batch of 60 Starlinks

Taken by surprise...

http://www.youtube.com/watch?v=ytUygPqjXEc&t=5
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Optical astronomy and 
astrophotography impacts 

Starwalk.space

Victoria Girgis/Lowell Observatory

Eckhard Slawik

Credit:CTIO/NOIRLab/NSF/AURA/DECam DELVE Survey
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Why should we care?
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Satellite Constellation: a number of similar satellites, of a similar type and function, 
designed to be in similar, complementary, orbits for a shared purpose, under shared 
control [1]. 

● Navigation and geodesy (e.g. GPS, Galileo and GLONASS), 
● Satellite telephony (e.g. Iridium)
● Earth Observation (e.g. DMC, PlanetLabs)
● Global satellite internet, 
● Internet of Things to connect machines and systems together directly. 

 1.Wood, Lloyd, Satellite constellation networks, Internetworking and Computing over Satellite Networks. Springer, Boston, MA, 2003, p.13-34.

Satellite Megaconstellations

Important factor = signal latency  - the time taken to 
signals to move from a ground station providing 
internet to the satellite and then on to a user.

● Coverage on Earth
● Altitude of satellite
● Numbers of satellite units
● Power/ frequency / bandwidth etc. http://www.mit.edu/~portillo/files/Comparison-LEO-IAC-2018-s

lides.pdf
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Low Earth Orbit
Credit: Mark Mercer
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Growing Numbers of Satellites

Many problems other than impact 
on astronomy: 
Space Traffic Management, Space 
Debris, Long Term 
Sustainability….

Muelhaupt, Theodore J., et al. "Space traffic management in the 
new space era." Journal of Space Safety Engineering 6.2 (2019): 
80-87.

http://www.youtube.com/watch?v=oWB7ZySDHg8
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● How many satellites over the 
horizon at any given place on 
Earth?

● How many are illuminated by 
the sun?

● How bright are they?

● How many cross a telescope 
field of view?
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Simulating a constellation
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Simulating a constellation
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Credit: Oli Hainaut
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Current satellites &
Future constellations
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⬆ Tunk Tezel TWAN.org
(it’s a distant freeway junction)

ESO VLT Paranal  ➡

 z=60

airm=2

 z=80

 e=30

 z=70

 z=90 Pro: observations above
● 30o (Paranal: 96%)
● 20o (Surveys)

Amateurs: lowest 10o almost 
always lost

e=30

e=20
e=10
e=0

e=20
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● Initial studies, simulations, limited observations 
campaigns

● Understanding of mitigations
► Scheduling tools
► Science strategy
► Shuttering, post-image analysis / trail removal
► Darken satellites
► Keep satellites low
► Don’t launch them

Astronomical Community Steps

No combination of 
mitigations will avoid 
all impacts!
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● NSF/AAS SATCON1 Workshop
● SATCON2 - Policy and Regulation
● UN/IAU Workshop on Dark Skies
● Many national working groups
● Collaborative Work with Space 

Industry!

Astronomical Community Steps
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SpaceX efforts to reduce visibility 
of Starlink

1. DARKSAT: black coating

2. VisorSat: Sun Shield

3. Attitude Control during orbit raise

"I'm confident that we will not 

cause any impact whatsoever in 

astronomical discoveries, zero. 

That's my prediction. We'll take 

corrective action if it's above 

zero.” – Elon Musk, CEO, SpaceX, 

quoted 3/10/20 

BusinessInsider.com

BRENDAN SMIALOWSKI
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Broader questions:
● Who has the “right” to 

the night sky?
● Who decides?
● How to balance 

access to sky for 
science with access 
for commercial or 
other purposes?

  But...
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● Regulation
► Space traffic, debris, space data
► Radio and optical interference

● Continue interaction with industry
► Regulation will take time

● Space industry corporate social responsibility
● Designing astronomy facilities in the satellite 

constellation era
● Applicability of Outer Space Treaty

► Need for new guidelines?!

Work for future space 
professionals...



Williams | Switch2Space  | ESO: Public 20

High-altitude satellites are a problem

Credit

Oli Hainaut

Outcome
...in 1 line

Fake constellations:
● 10 000 sat. each
● Altitude 100 → 2600km
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● Fraction of frames hit by a trail
► Any magnitude, even if faint
► > 100%: number of trails / frame
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...for some typical observations...

Effect on the observations

no observations ←|
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Starlink Generation 2 
(May 2020 filings)

30 000 satellites
average altitude: 366 km

OneWeb Phase 2
(May 2020 filings)

47 844 satellites
average altitude: 1200 km
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Constellations plans in LEO

...and Amazon Kuiper, Telsat, Planet, Samsung, US Military, China,....
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Astronomical Observatories
Vera Rubin Observatory

ESO’s Very Large Telescope

ALMA

Square Kilometer Array (SKA)


