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Frontier Fields Cluster Abell 370, HST ACS
Credit: NASA, ESA/Hubble
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Asteroids observed serendipitously in 
image of Frontier Fields cluster Abell 370 
Credit: NASA, ESA/Hubble
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Frontier Fields cluster Abell 370
Trail probably Chinese Long March 
4C Y33 third stage passing 34km 
above HST.
Satellite ID by J. McDowell
Image credit: Judy Schmidt
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www.asteroidhunter.org
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Participation
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Identified by volunteers on www.asteroidhunter.org
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Using deep learning to identify trails
* In collaboration with Google

satellite 0.96
asteroid 0.68
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Using deep learning to identify trails
* In collaboration with Google

Predicted
Ground 
Truth
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Satellites identified in HST images

Classified the entire HST archive (ACS and WFC3/UVIS) with Google AutoML

Satellite trails identified in raw HST ACS images, exposure time ~ 10 minutes
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Fraction of HST images with satellite trails

7.8% of Hubble composite images 
(~35 min exp. time) are crossed 
by satellite trails

2.5% of individual exposures of 10 
min (2.7% ACS and 1.9% of WFC3 
impacted)

ACS FOV = 202”x202” / WFC3 FOV = 160”x160”
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Fraction of HST images with satellite trails

The fraction depends on filter. No 
satellites in UV

ACS FOV = 202”x202” / WFC3 FOV = 160”x160”

7.8% of Hubble composite images 
(~35 min exp. time) are crossed 
by satellite trails

2.5% of individual exposures of 10 
min (2.7% ACS and 1.9% of WFC3 
impacted)
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Fraction of HST images with satellite trails

6 hours of exposure for a satellite to 
cross the field-of-view for ACS (7.7 
for WFC3)

Decreased 30% from 2002-2020

ACS FOV = 202”x202” / WFC3 FOV = 160”x160”
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Fraction of HST images with satellite trails

Fraction depends on telescope 
pointing. Satellites more likely at 
!~0° and ! > 50°

6 hours of exposure for a satellite to 
cross the field-of-view for ACS (7.4 
for WFC3)

Decreased 30% from 2002-2020

ACS FOV = 202”x202” / WFC3 FOV = 160”x160”
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Starlink satellites crossing Dark 
Energy Camera images. Credit: 
DELVE Survey/CTIO/AURA/NSF
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Sentinel-5P 
824km

Aeolus 
320km

Hubble 
535km

Hinode 
680km CHEOPS 

700km

ISS 
420km

PROBA-2 
720km

Earth 
6371km radius

Earth & orbits are to scale; spacecraft are not

OneWeb 
47,844 at 
1200km

Project Kuiper 
3,236 at 

590–630km

Starlink Gen 1 
4,408 at 550km  
7,500 at 345km 

Starlink Gen 2 
23,582 at 328–373km  

4,000 at 499km 
468 at 604–614km

Megaconstellation numbers & orbits as planned July 2020

Sentinel-1A & B 
693km

plus ~91,000 LEO internet satellites

Selection of space science missions in low-Earth orbit

Courtesy of M. McCaughrean

Including 60,000 at altitudes >535 km
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Likely Starlink 1619 passing 80 km 
above HST, 2 November 2020.
Satellite ID by J. McDowell
Image by Simon Porter  
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Impact of mega-constellations on HST observations
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The probability that a satellite crosses the 
field-of-view of Hubble is: 

0123
45 – number density of higher orbit satellites
* – fraction of satellites visible to Hubble and     
illuminated (~7%)
+,- – size (width) of the field-of-view
. – angular velocity of the satellite
∆& – average exposure time
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Impact of mega-constellations on HST observations
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The probability that a satellite crosses the 

field-of-view of Hubble is: 

!"#$
%& – number density of higher orbit satellites

' – fraction of satellites visible to Hubble and     

illuminated (~7%)

()* – size (width) of the field-of-view

+ – angular velocity of the satellite

∆- – average exposure time

. ≈ 01% for 10 minute exposures!

Possibly future HST observation with megaconstellations. Credit: Fabian Neyer

. ≈ 345-
67 × ' × ()* ×+ × ∆-
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Take home messages

Citizen science + AI can be used to explore 
images for satellite/space debris

collaboraton to identify the artificial 
objects in the images

Megaconstellations
large increase in the trail incidence
Increased potential for collisions

Trails in science data 
Telescopes in LEO such as Hubble already affected
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Thank you!

@kruksandor
sandor.kruk@esa.int

www.asteroidhunter.org


