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i s A nose for the cold

Like other Neanderthals, this male had
2 large nose that warmed and humidified
cold, dry air and helped him survive in cold

Google Cloud

/FDL nte S{ XPRIZE Google Cloud er%A I ﬁ,,, m



A mercury sized planet transiting a sun-like star
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Artificial Intelligence

Machine Learning

Classic Neural Networks

algorithms Deep
Learning
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playground.tensorflow.org

Tinker With a Neural Network Right Here in Your Browser.
Don't Worry, You Can't Break It. We Promise.

em type

Er ea g rate A ation Regularizat Regularization rate Prok
000,438 ).03 one 3 Classification

FEATURES + — 3 HIDDEN LAYERS OUTPUT

Test loss 0.029
m & Training loss 0.012
urons 3 neurons B

3 neurons
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“FDL is an applied Al research accelerator
established to maximize new Al
technologies and capacities emerging in
academia and the private sector and apply
them to challenges in the space sciences.”

+NASA
ARONTIER
/ DEVELOPMENT LAB
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The 2018 Challenges

Defined by NASA and carefully curated
group of space scientists, humanitarians

and technologists in a “Big Think”

#AlforGOOD
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The Recipe

Example: FDL 2018 Astrobiology Team
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Michael Himes Molly O’Beime Shawn Domagal-Goldman Giada Arney
Planetary Scientist Planetary Scientist Planetary Mentor Planetary Mentor

)
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Frank Soboczenski Simone Zorzan Atilim Gunes Baydin Daniel Angerhausen
Computer Scientist Computer Scientist Al Mentor Planetary Mentor

Participants + Mentors + Silicon Valley




And then lock them up
at the SETI Institute for
8 weeks...




...the Silicon Valley way

DOCUMENT PHASE

4

SOLUTION PHASE

4

PROBLEM PHASE
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The Problem: Where are you?
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The Problem: Where are you?
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The Problem

0

True Orbital
View

Reprojected
View
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The Breakthrough
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Increase the efficacy
and yield of exoplanet
transit detections with
deep learning |

Michele Sasdelli, Megan Ansdell, Hugh
Osborn, Yani lonnou
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The Problem
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Kepler/TESS Pipelines

Wu+2010
. . Smith+2012, Stumpe+2012
Target Pixel File (TPF)

Jenkins+2010, Seader+2013
/ \ / \ KData Validation (DV)\
Aperture Photometry T h ;

ransiting Planet Searc ——
& Systematics Correction £ A

(TPS) IZ>
E> g U ‘U |

\ Threshold Crossing Event

(TcE) J NG
Batalha+2013, Burke+2014, Rowe+2015,

Mullally+2015 ~\
/ Kepler TCE Review Team

[human vetting]

Where deep learning
can (and is!) helping
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The Data: False Positives

Eclipsing Binaries (EBs) Background Eclipsing Binaries (BEBs) Stellar Variability / Instrumental Noise
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Add domain knowledge Improved model
Local View 14R, 1.6R, 1.9R,
5 P ™oy 1.0
§ 0.9-
_ 0.8
S
& Centroid LgCJ 0.71
d 061 15-20% gains in recall
L i o5  ——- Astronet for Earth-sized planets
Exonet
0 O;has(;ﬁ 0.8 1.0 04

8 10 12 14 16 18 20

Centroid shift Transit SNR

Details: Ansdell et al. 2018, Osborn et al. 2019
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Challenge 1: Understanding what is
universally possible for life nSTROBIOLOGy

Aditya Chopra, Aaron Bell, William Fawcett, Rodd Talebi

Challenge 2: From biohints to
confirmed evidence of life

Michael Himes, Frank Soboczenski, Simone Zorzan, Molly O'Beirne
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The Problem

N-=

...not exactly BigData
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pyATMOS
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CH4 H20

0.05 0.8
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Team 2

3 Million

Observations
of spectra
simulated
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Team 2
3 Million

Observations
of spectra
simulated

Google Cloud
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The breakthrough

Datasets and softwa

yon available: ’

NASA EXOPLANET ARCHIVE

NASA EXOPLANET SCIENCE INSTITUTE

Support Login
PYATMOS Dataset
Frontier Development Labs (FDL) PYATMOS Dataset

Summary of Atmospheric Models

NASA Exoplanet

022000000

Google cloud/Kaggle

Preview of Selected Model
TEES" N

Laver Number  Pressure Alitode H20 Fraction 03 Fraction

bar)
v

4708401
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Spectrum > DL > Composition
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First application of (Emsembles of Bayesian)

Neural Networks in Exoplanet Spectral Retrieval
Soboczenski+ 2018 NIPS, Cobb+ 2019 AJ, Himes+ 2019 in prep

coogecos & A kX
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Can we replace “traditional”
bayesian sampling with neural
networks?

Yes, but....
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Comparison
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Comparison

WFC3 spectrum of WASP-12b T T(K) lsXm.o losXmon loaXmm. mg  Mew
_ I y 3
PLAN-NET RZ 0.770 0.623 0.487 0.721 0.750 0.673
ENs. ! ET - 0.770 0.629 0.491 0.723 0.751 0.673
cobb-l- 201 9 (plan-net BNN) Our Rax. Forest RZ 0.746 0.608 0.466 0.700 0.736 0.651
’ ' Ran. Forest® R2 0.746 0.608 0.467 0.700 0.737 0.652

Marquez-Neila+ 2018 (HELA, RF)

KREIDBERG ET AL. (2015)
MARQUEZ-NEILA ET AL. (2018) NESTED SAMPLING 11()."):”

" . ~ . a=>+410 a9 Qr 1.1
Ovur RanND. FOREST 9377 46 2.8357 53~

_7.484+3-43
1142 + 412 —2.781 £ 0.429 —8.210 % 12.7 —-9.605 £ 6.

2.89

ENS. 5 PLAN=NET
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-2 -0 0 - -0 0 -2 -0 -3 - 10 0 <20 - 0 -3 -0 0 =5

H,0 HCN NH; . - (K H.0 HCN NH;

(a) Random Forest (b) plan-net Ensemble
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-You are already doing it

-Data is the driver
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If we find the first signs of life in space:

.
. machine learning was use
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Can we use data-driven
Al techniques to
“revive” an instrument?

Richard Galvez, Rajat Thomas, Paul Wright, f
Alexander Szenicer ‘
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The Problem

Solar
Dynamics
Observatory




The Problem




The Breakthrough

Augmented ResNet

FC-Layer

Merge

Models
MLP / Linear




The Breakthrough

Augmented ResNet




Generalized Atmspﬂere
Biology Dynamics



Data Description

KEGG
[Real World]

Abstract
Exo-Gaia

Biological Network

chemistry geochemistry biochemistry
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albedo / greenhouse
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Atmosphere

Climate Profile
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