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Growmg number of‘. pub_llcatlons usmg archlval data
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- Not assigned
=== Partly Archival
Archival
=== General

Observer

https://archive.stsci.edu/hst/bibliography/pubstat.html
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Al and crowdsourcing for scientific exploration of archives

t@ Hubble Asteroid Hunter ® . ABOUT CLASSIFY TALK COLLECT RECENTS LAB
i L ——————————————————————
gt:f;:g We need novel techniques for data
I3 analysis =P Al/Machine Learning | -

Help us find asteroids in images
from the Hubble sta_ce Telescope!
35
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We need Al-ready datasets and labels for
0 training and validation s crowdsourcing
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_ Abell 370, Credit: NAS ESA/HubeJ BSunnqwst and J. Mack







f* Asteroids across the Solar System

Distribution of asteroid classes in the Solar System Minor Planet Center

Near-Earth Objects Discovered
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DeMeo and Carry, 2014 The number of discovered asteroids, as
of 21 June 2022. Source: MPC

https://www.minorplanetcenter.net/
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‘f Distribution of asteroid sizes in the Solar System
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Present-day main belt and NEO populations — based on Bottke et al. 2015 (Credit: Marco Colombo, Density Design Research Lab)
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Abell 370 Parallel Field
Credit: NASA, ESA/Hubble



% Citizen Science Project ZOONIVERSE

Language Eng:lsh v

;
f(- Hubble Asteroid Hunter @ ABOUT  CLASSIFY TALK COLLECT RECENTS  LAB

Help us find asteroids in images
from the Hubble Space Telescope!

Learn more

Get started ¥

If you are for the first time on this project, choose "Training". Ot se, move on to "Classify" and hunt for asteroids in Hubble images!

Training

www.asteroidhunter.org 10



http://www.asteroidhunter.org/

Hubble Asteroid Hunter ©

www.asteroidhunter.org

ABOUT CLASSIFY TALK COLLECT RECENTS

TASK TUTORIAL

Is there an asteroid trail visible in the images?

Impossible to tell

NEED SOME HELP WITH THIS TASK?

[ -

LAB

11

FIELD GUIDE



http://www.asteroidhunter.org/

ject

0]

ience pr

1Zzén SC

in the ¢

ion

t

icipa

Volunteer part

)]
4
©
)
(9p)
C
(@]
s
©
2
‘»
v
L2
o

for | all

a
v

Classifications per day

Jun-19-2019 to Aug-04-2019

Current date range

Oct-25-2019

Apr-01-2019

6102-v0-8ny
6l02-€0-8ny
6102-20-3ny
6102-10-8ny
6l02-1e-|nr
6102-0e-Inr
6log-ge-Inr

eloz-82-inf

C
s

6l0e-Le-|InT

6l02-92-|nr

6l0e-se-|nr

Contributions of 11,486 volunteers
O
g

8l0e-ve-Inr

6l0e-ge-|nr

@
(

6l0g-¢e-Inr

6l0e-1e-|nr

6102-0e-Inr

6l02-el-|Inr

6l0e-8l-inr

eloe-Zi-inr

6l0c-91-|Inr

eloe-si-|nr

6l0e-vi-Inr

eloe-gl-Inr

eloe-el-|nr

eloe-t-|nr

6l02-0l-Inr

6102-60-In1

610e-80-1nr

6102-£0-|nr

6102-90-Inr

6102-S0-Inr

6102-vo-|nr

6l0e-e0-Inr

6l0g-co-Inr

6l0e-10-Inr

6l0e-0g-unr

6l0g-ec-unr

6l0e-8e-unr

6l0e-Le-unr

8l0g-9¢-unr

6l0e-se-unr

6l0g-ve-unr

6l0e-ge-unr

6l0g-¢e-unr

. 6l0g-lg-unr

6l02-0g-unr

_ 6l0e-sl-unr




ience project from 2019-2020

IZzen sC

the c

volunteers in images

In

Q
i
)

>N
o)
©

Q
Y

(7p)
[ .
o
O
]
C
=
@)
>
O
(e0)
4’
~—
~
>
O
©
Q0
=
e
C
)
©

ident

Is

d tra

d tr_alls

[
488 astero

Astero

1

1




t’ Scaling up with AutoML object detection to identify trails

Classifying the entire HST archive

=7 (2002 - 2021) of 37,324 images
\a (x4 = 150k cutouts)

Asteroid 2002 LX55 moving between two Hubble exposures in front of
galaxy NGC 5468, detected with AutoML.
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v;&* Scaling up with AutoML object detection to identify trails

* In collaboration with S
Automating ML pipelines

. . . . Hyper
H I Data Data - Dat - Feat Model Model - s
CIaSSIfyI ng the entl re S arCh Ive Acquisition Exploration Prepaar:uon Eng?:eI::ng Selection Training Pa;::il:;er Fredictions

(2002 — 2021) of 37,324 images
(X4 = 150k CUtOUtS) Traditional Machine Learning Workflow

Data Data Data jture 2 Model S Model ypet - .
- ) " - | Parameter =
Acqulsmon Exploration Preparahon - ineering ’ Selection v raining 4 XTI.‘]””,-W ’ Predictions

Use automated machine learning
(AutoML) on Google Cloud

Dataset Auto! Generate predictions
with a REST API

How AutoML works — using Neural Architecture Search 15



tﬁ Scaling up with AutoML object detection to identify trails

;" C Wby ’ , A,

\ubble science archive - A &\ esa

Classifying the entire HST archive A RESULTS #1
(2002 — 2021) of 37,324 images E hia observations (11) | proposals (1
(x4 = 150k cutouts) - .

Use automated machine learning
(AutoML) on Google Cloud

W Scalable: training and batch
I) classification on Google Cloud:
~10 hours




t’,"%’ Scaling up with AutoML object detection to identify trails

Classifying the entire HST archive
(2002 — 2021) of 37,324 images
(x4 = 150k cutouts)

Use automated machine learning — D
(AUtOM L) on Goog|e Cloud Performance in identifying asteroid trails

100%

Scalable: training and batch
classification on Google Cloud:
~10 hours % . O

0.0

—— Recall —— Precision




té Results: Asteroids detected in the Hubble images

2487 asteroid trails recovered by s \

~—7 . .
citizen scientists and by AutoML 3

\

«
-

Asteroid trails identified in the Hubble Asteroid Hunter project Credit: ESA/Hubble & NASA

-
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f:& Results: Asteroids detected in the Hubble images

2487 asteroid trails recovered by

~—7 . .
citizen scientists and by AutoML

@

Asteroids moving between individual Hubble exposures

® @ 1701 asteroids validated by the team it f:"‘; A o e o

19



;‘é Matching trails with known asteroids from Minor Planet Center

2487 asteroid trails recovered by
citizen scientists and by AutoML

1701 asteroids validated by the team

670 asteroids matched with known
objects. 95% are Main Belt.
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2487 asteroid trails recovered by
citizen scientists and by AutoML

© @ 1701 asteroids validated by the team

/// 670 asteroids matched with known
@ objects. 95% are Main Belt.

f? 1031 unidentified asteroid trails
. -- previously unknown asteroids?

f Results: magnitude distribution of detected asteroids

250
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Apparent magnitude (AB)
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té Results: sky distribution of detected asteroids

2487 asteroid trails recovered by

~—7 . .
citizen scientists and by AutoML

© @ 1701 asteroids validated by the team

/// 670 asteroids matched with known
@ objects. 95% are Main Belt.

DEC (deg)

? 1031 unidentified asteroid trails
. -- previously unknown asteroids?
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j Follow-up work: determining asteroid sizes and orbits

» Likely previously unknown small size Main-Belt asteroids » See Pablo’s poster

*studied further in Garcia-Martin, Kruk et al. in prep. uiM _ @esa

Hubble Asteroid Hunter: Analysing asteroid trails in HST images

5 _ o

Asteroid trails identified in the Hubble Asteroid Hunter project Credit: ESA/Hubble & NASA 2



Do real science!

Learn about galaxies while contributing to research

You can help us!

R e ]

Pt A A —

DALAXY WITH FEATURES

A
] |!an|_q&\} "‘U\ »_,, v

Cltlzen scientists

make new dlscoverles

24




Asteroids observed serendipitously in
. image of Frontier Fields cluster Abell 370
+ * Credit: NASA, ESA/Hubble 25




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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*b Hubble Asteroid Hunter @ s’ Hubble Asteroid Hunter @

Hubble Asteroid Hunter Talk Hubble Asteroid Hunter Talk

Q Q

Subject 37652046 Subject 42950351

Comments:

y line across the Image could be Perhaps a comm




té Satellite trails identified with AutoML in Hubble exposures
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Kruk et al., s£bmitted, Nature Astronomy




;;’i Serendipitous findings: new strong gravitational lenses

>

f,' Hubble Asteroid Hunter @

Hubble Asteroid Hunter Talk PrOject forum “Talk,,

Subject 39619051

#gravitational_lens #arc (s) and counter images

multi components (or clumps) source lensed
WISEA J034445.19-642133.8
ra, dec 56.1885 -64.35946

main arc radius ~1.90"
J0344452-642133.8

multi components (clumps) source lensed

https://www.zooniverse.org/projects/sandorkruk/hubble-asteroid-hunter/talk/




Having human eyes on the data can lead to
new discoveries:

Discovery of 198 new strong
gravitational lenses -

0

Garvin, Kruk et al. 2022, submitted, A&A :
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+%  Euclid: providing a high-definition view of 1/3 of the sky

Single Euclid exposure (1/60,000t" of the survey)
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A
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Single Hubble exposure



Euclid will add 10+ PB of data in the next years

Archlves Volume (PB)
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ﬁ, My vision: ML for automated object detection in astronomy
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vision: ML for automated object detection in astronomy
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Take home messages:

Artificial intelligence and crowdsourcing

New tools are needed to analyse and mine the increasingly
large datasets. Human (crowdsourcing) and machine

collaboration is important to avoid the garbage-in garbage-out
problem of ML.

Citizen scientists make new discoveries

Look at the data! Sometimes unexpected things might hide in -
there. We searched the Hubble archives for asteroids, but also .
e

found artificial satellites and strong gravitational lenses.

Data archives are important

\

Hubble provides a rich data archive spanning decades. Ideal to’:ip;_ :

survey faint asteroids and strong gravitational lenses. et | g ‘ ‘\-
“ o . g g h
One astronomer’s trash can be Foreground asteroid passing in front of the Crab Nebula, identified in the

another one’s treasure Hubble Asteroid Hunter project. Credit: ESA/Hubble & NASA, M. Thévenot
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New ESA-Zooniverse citizen science project: Rosetta Zoo

Language

Rosetta Zoo © ABOUT CLASSIFY TALK COLLECT RECENTS LAB

Find changes on Comet 67P and
help us better understand the
history of the Solar System

6 people are talking about Rosetta Zoo right now.

> N .
Y S P2 il C
¥ Tl Joinin
- S
‘-
.

https://www.zooniverse.org/projects/ellenjj/rosetta-zoo



Take home messages:

Artificial intelligence and crowdsourcing

New tools are needed to analyse and mine the increasingly
large datasets. Human (crowdsourcing) and machine

collaboration is important to avoid the garbage-in garbage-out
problem of ML.

Citizen scientists make new discoveries bl
| @ @kruksandor
N W .sandorkruk.com

Look at the data! Sometimes unexpected things might hide in s
there. We searched the Hubble archives for asteroids, but also .
found artificial satellites and strong gravitational lenses. 2

Data archives are important

\ P -
Hubble provides a rich data archive spanning decades. Ideal to%p{s. "
survey faint asteroids and strong gravitational lenses. g v‘.

T vt
“

f

One astronomer’s trash can be
another one’s treasure! .




