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Join the Search for Undiscovered
Worlds

Learn more Get started

80 people are talking about Planet
Hunters TESS right now.
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First two years of PHT
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Eisner et al. 2021 arXiv:2011.13944



Schwamb et al arXiv:1210.3612
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B SETI@home
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GAI_AXY Z®Oorg b

|Hm|msawa|m~gmm|mms|romm|mwm|er|um|oonwu-

| E.-;x; Tutortal
| Galaxy Analysis .
Galaxy Ref:
" . 588010880371851294
. Choose the Galaxy Profile
Galaxy by clicking the buttons
Analysis below

Welcome to Galaxy y HH .
Ll QLG
Universe. If you're here oL . .

mma.y::.dy . crock  Anv:  GREESRE
have seen the Tutorial,
but feel free to go and
remind yourseif.
There's no need to
agonise for 1oo long
over any one image,
Just make your best
guess In each case.

119

M Show Grid Overlay on the next Image
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Best Fit

ts as detections —{ 10— — Haring & Rix (2004) fit —
2004) fit i " o Simmons et al. (2013) i
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Simmons, Smethurst & Lintott arXiv: 1705.10793
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(%) Zooniverse
C n

+ Bookmarks

Projects

i Astro-ph NASA ADS

About

xX

(| https://www.zooniverse.org/#/

Talk

| Read It Later | Reading List 0 Deposit by Mail | http://www._citizens
Collect Dally Zooniverse Blog
ZOONIVERSE

People-Powered Research

The Zooniverse provides opportunities for people around the world to
contribute to real discoveries in fields ranging from astronomy to zoology.

Welcome to the largest online platform for collaborative volunteer research.

Get involved now!

| Nominate This

| Spotify Web Player

BUILD A PROJECT

»

... Other Bookmarks

zookeeper &




www.zooniverse.org/lab

oT @ () Edit » Supernovae — Zoor X ‘\ _'| Supernovae » Classify — - X '

€ - C |[ localhost:3735/#/1ab/2/workflow/2

& ZOONIVERSE

About Projects

PROJECT #2
Project details
Science case
Results

FAQ
Education

Collaborators

WORKFLOWS

Start searching
Tell the time

New workflow

SUBJECT SETS
Untitled subject set
Just a few

New subject set

Delete this project

brian-testing (sign out  (Settings )

Discuss THE LAB
WORKFLOW TITLE MAIN TEXT HELP TEXT
Start searching What is wrong with the
Version 6687.6693 candldate?l P
TASKS CHOICES |~ | Muttiple choice | ([ | Required
@® Is there a candidate centered in the crosshairs of the
right-hand image? (first)
@®© Has the candidate itself subtracted correctly? Not clrcular=too small
® What is wrong with the subtraction? £
) i X . ) Next task
® Is the candidate star-like and approximately circular? (End of classification) B
® What is wrong with the candidate?
| ® Is the candidate centered in a circular host galaxy? Not circular - elongated
Add task (Question | (Drawing
2
You're editing a workflow on a public project. Please note Next task
that any changes will result in the loss of your existing {End of cassificationd B
classifications for this workflow!
Not circular - distorted
2
Next task
ASSOCIATED SUBJECT SETS (End of classification) B

NOTE: Assigning subject sets doesn’t quite work as
expected right now. To-do on the back end.

Not circular - diffuse

github.com/zooniverse/panoptes
github.com/zooniverse/panoptes-front-end
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Planet Hunters TESS II: findings from... title:"Stardust@home" - NASA/ADS Galaxy Zoo: reproducing galaxy morp... https://s il i /mi SETI@home graphics Candidate Identification and Interfere... -+ i
Monthly Notices
Mon. Not. R. Astron. Soc. 406, 342-353 (2010) doi:10.1111/).1365-2966.2010.16713.x

Galaxy Zoo: reproducing galaxy morphologies via machine learning*

Manda Banerji, 21 Ofer Lahav,! Chris J. Lintott,? Filipe B. Abdalla,’
Kevin Schawinski,*>1 Steven P. Bamford,® Dan Andreescu,’ Phil Murray,®
M. Jordan Raddick,’ Anze Slosar,!? Alex Szalay,” Daniel Thomas!!

and Jan Vandenberg’

We conclude that it is promising to use machine-learning
algorithms to perform morphological classification for the
next generation of wide-field imaging surveys and that the
Galaxy Zoo catalogue provides an invaluable training set for
such purposes.

Baneriji et al 2010, arXiv: 0908.2033
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Mon. Not. R. Astron. Soc. 000, 1-20 (2014) Printed 25 March 2015 (MN INTTX style file v2.2)

Rotation-invariant convolutional neural networks for galaxy
morphology prediction

Sander Dieleman'*, Kyle W. Willett?* and Joni Dambre!

1 Electronics and Information Systems department, Ghent University, Sint-Pietersnievwstraat 41, 9000 Ghent, Belgium,
25chool of Physics and Astronomy, University of Minnesota, 116 Church St SE, Minneapolis, MN 55455, USA

For images with high agreement among the Galaxy Zoo
participants, our model is able to reproduce their consensus
with near-perfect accuracy (>99 per cent) for most
questions. Confident model predictions are highly accurate,
which makes the model suitable for filtering large collections
of images and forwarding challenging images to experts for
manual annotation. This approach greatly reduces the
experts' workload without affecting accuracy.

Dieleman, Willett & Dambre, 2015, arXiv: 1503.07077
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Supernova 2014) in Galaxy M82 HST =« WFC3/UVIS = ACS/WFC

| SN 2014) January 31, 2014

NASA and ESA STScl-PRC14-13a
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Pan-STARRS Supernovae
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Subject Annotation with Microsoft’s Al for Earth
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100.00% empty 88.90% empty

Process Selected Images

You have selected 6 images to process. You have a choice to...

— Export to CSV

— Move Subjects

Specify which subject set to move to: 97602

or, choose from: 97602 - Polar bears with 10 or more votes v

Move

— Retire Subjects

Specify which workflow to retire from: 19409
or, choose from:

19409 - measuring bears v
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Optimizing Crowdsourced Transcription using Handwritten Text Recognition.

Draw a line to start transcribing a line of text!
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2020 Digital Extension Grant from the American Council of Learned Societies
Pl: Sam Blickhan, Adler Planetarium (samantha@zooniverse.org)
Adler Planetarium, Chicago & University of Minnesota
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Few have witnessed what you're
about to see

Gel started ¥

Walmsley et al., arxiv: 1905.07424
Walmsley et al., arxiv: 2102.08414



v LNIVERSITY OF

ST
) 2

Galaxy Zoo

Labels Supervised

Representation

Galaxy Zoo

— [0.21,0.32,0.41...0.02] = | osifications

—

Fine-tuning

Featured: 7 of 10 Gk
Spiral: 5 of 7 S|ml|ar|ty Search

Bar: 2 of 7
etc.

Anomaly Detection
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Walmsley et al. arXiv:2110.12735
https://github.com/mwalmsley/zoobot
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Hanny’s Voorwerp
HSTACS/WFC, WFC3/UVIS/IR

WIYN

N
50,000 light-years E
ACS/WFC FRSOSN [O 1ll] 15,300 parsecs 307

Lintott et al.
arXiv/0906.5304
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S588017977278988558 587739098597687419 165
J11 9 J115136.32+375603.6 J122245.71+360218.4
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Rappaport, Vanderberg, Jacobs et al.



Stream of raw data | O

Active Learning:

select unlabeled items s .
elect unlabeled iter Training Data:
that are interesting for s 1 ad itorme

the labeled items

humans to look at e
become the

training data

Annotation:
humans label items

O
E @
e ®
Deploying Machme
. Learning:

- D i I:
- predict most likely label _,‘?P"?V ng Mode Key
trained model is
deployed to predict Training Machine Label A
labels on raw data Learning:
use training data to create
model to predict labels ‘ Label B

? (O uniabeled

Transfer Learning:
using an existing model as Selected to
a starting point for training be labeled

v Data with predicted labels v

Human in the Loop Machine Learning

Monarch, Manning Publications (2021)
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® O ® @ HsCGalaxies X  +
& C & weirdgalaxi.es %t ~ O 2 O~ WH O B K}Eﬂ S o n B

Anomalous Galaxy Visualization Tool

What is this? UMAP on Autoencoded Residuals - Colored by Anomaly Score— ' —- Eriipe

This is an interactive tool for visualizing 3800 “

the results of an anomaly detection

Colormap ~
approach on a set of galaxies. Each dot is
a galaxy image from the Hyper Suprime- Select Galaxy Info ID:
Cam survey. The distribution is a UMAP, a 3600 772019
2D representation of the images. The O
colors show how anomalous our 772019 o

generative adversarial network (GAN)
found each galaxy. Choose the UMAP
embedding and the colormapping on the

right; the default is UMAP on autencoded

residuals, colored by total anomaly score. °
(]

Cool! How do | use it? V

« Use the lasso to select a region of
galaxies; these will appear in the
bottom squares. Scroll through them
with the 'Previous' and 'Next'
buttons.

The selected galaxies will also
appear in the table on the right; sort
them by clicking the column names.

3400

.S

3200

3000

dgalax

wWelr

2800

2600

- i X # Index Info ID Object ID Score
Click a. row to see the image in the 5| ssee 02728 206651712654 297116
large viewbox.

1| 966 121582 458239638587 2956.06
» Use the zoom tool to see more .:}

o . 2 7 4. L
galaxies in an area; only a subset —_ 2| 2834 208279 03469042689 2603.16
are shown (and will be selected) on 402728 121582 203279 941375 361332 3| 9642 941375 432733416954 2743.83
the main plot. 4| 4729 361332 399083164234 2504.27

« Type a galaxy ID in the text box and 5 3992 274368 427142615075 2829.36
hit enter to jump to that image on 6 8142 696383 420809213351 2554.63
the plot and in the viewbox.
« Double click anywhere on the plot to D
reset it.
Happy weird-galaxy-finding! 274368 696383 592239 140036 373223

Applied to HSC galaxies by Kate Storey-Fischer (NYU)
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The Crowd and the Cosmos: Adventures in the Zooniverse
Paperback - 25 Mar. 2021

by Chris Lintott (Author)

) 2 6 ¢ ¢ ‘4

Look inside ¥
CHRIS LINTOTT"

Buy new:

£8.19

RRP: £9.99

Save: £1.80 (18%)
prime & FREE Returns

16 ratings
9 FREE delivery: Saturday, Nov 13

SEAUTIFULLY Order within 5 hrs 11 mins Details

See all formats and editions
© Deliver to Chris - Oxford OX2 7

Kindle Edition Audiobook Hardcover Paperback Audio CD
£5.57 £0.99 £14.33 vprime £8.19 vprime £17.06 Only 2 left in stock (more on
Read with Our Free App 13 Used from £1.36 4 Used from £8.46 2 Used from £14.22 the way).

17 New from £12.74 16 New from £7.70 11 New from £14.00

As an alternative, the Kindle eBook is
available now and can be read on any

: Thi i fi h ini ility. Detail:
Note s item is eligible for FREE Click and Collect without a minimum order subject to availability. Details device with the free Kindle app. Want

\ ‘fascinating’
IN TH Bal“ cat ng to listen? Try Audible.
ZOONIVERS rian tox
5 ; Quantity: 1 B
This is the story of citizen science.
Add to Basket
") Listen Where once astronomers sat at the controls of aiant telescones in remote locations, pravina for clear skies, now thev have no need
~ Read more Buy Now
Ill. ISBN-10 ISBN-13 Editi Publish Publication dat L # Secure transaction
See this image - - on ublisher ublication date anguage N N
IIlIIl I"Ill # ﬁ. @ Ispatches from mazon
Follow the author - - > Sold by Amazon
0198842236 978- 1st OUP Oxford 25 Mar. 2021 English ’
0198842231 Return policy: Returnable until Jan
Lintott. Chris + Follow 31,2022 ~
| Add gift options
Books you may like Page 10f 16 Add to List v

share M ] W @ <Embed>
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>Arthur Turrell
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Hardcover

£13.99
prime FREE One-Day
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Stars at the Dawn of
Time

iy 132
Hardcover
£12.22

prime FREE One-Day
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Future
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Paperback

£8.19
prime FREE One-Day
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Resistance: A Graphic
Novel

»Val McDermid
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Hardcover

£12.90
prime FREE One-Day

Philipp Dettaer
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>Philipp Dettmer
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Hardcover

in Family &
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£21.99

Delivery at no extra cost for

Prime members
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Complete Guide to...
Adam Rutherford
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Hardcover
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£10.59
prime FREE One-Day
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ANOMALY SCORING VISUALISATION o

Metadata

filename: /home/michelle/Bigl
Class6.1: 0.916

score: 4.91

human label: 5 -

Features

Residual_90: 2.58
Residual_80: 23.2
Residual_70: 12.9
Residual_60: 8.1

4

HOW INTERESTING IS THIS

OBJECT?

Raw anomaly score - RETRAIN

Figure 2: A screenshot of the ASTRONOMALY visual interface with a Galaxy Zoo example. This interface is
used to quickly scroll through the most anomalous objects labelling them according to relevance.

Lochner & Bassett 2020, arXiv: 2010.11202



RA (deg)

124.417040

Dec (deg)

4.497872
Search

Important Notes

Closest Galaxy

RA: 124.41704. Dec: 4.49787. Search Vizier

Similar Galaxies

Show table

+

Similarity Search: tinyurl.com/ZooBotSimilarity
Mike Walmsley (Manchester)

RA (deg)

180.431121

Dec (deg)

0.183135
Search

Important Notes -

Closest Galaxy

RA: 180.43112. Dec: 0.18313. Search Vizier

Similar Galaxies

+

Show table
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Citizen-enabled glitch detection for LIGO/VIRGO
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Coughlin et al. arXiv 1903.04058
Soni et al. arXiv 2103.12104
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Retired Images

[ Beginner Workflows Certain
Golden Set “Neutron Star Mountain® (3-class) . Crowdsourge Classifier
Least Uncertain “Galactic Supernova” (6-class) (Beginner) Uncertain
e “Neutron Star Mmgor' (10-class)
|Tra|n|ng Setl ¥romoton
. - Certain
Intermediate Workflow | _, ( Crowdsource Cassifier '
Less Uncertain “Black Hole Mergar” (20-class) (Intermediate) Uncertain
Machine L.eamlng ¥ Promotion
Classifier Carin
_»| Advanced Workflow | __, (* Crowdsource Classifier
Most Uncertain _ | *Universe Cosmic Background® (20-class) (Advanced) Uncertain
I Testing Set I L
LSC Detchar Experts , 2 image sets
' D Voluntear Workflows
Retired Images

D Image Classifiers
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Thanks to the Zooniverse teams and all those who have participated.

Argelander

@ chrislintott chris.lintott@physics.ox.ac.uk




