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A	Roadmap	for	Astrobiology

Technological	
civilizations
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The	Drake	Equation:



Planets	are	Everywhere!
Kepler	Mission	Taught	Us	That:


Every	star	in	the	sky	has	one	or	more	planets


The	majority	of	planets	fall	between	Mars	and	
Neptune	in	size	–	like	Earth


Approximately	20%	of	all	planets	are	rocky,	
earthlike,	habitable-zone	worlds


This	means	potentially	10	to	60	billion	earthlike,	
habitable-zone	planets	in	our	galaxy	alone



So	How	Much	Do	We	Know?

Stars Planets Habitable	
Worlds	 Life Intelligence Technology Duration

The	Drake	Equation:
?

Technological	
civilizations







seti.berkeley.edu/Internship.html





The	SETI	Institute

Our	Mission:


To	lead	humanity’s	quest	
to	understand	the	origins	
and	prevalence	of	life	and	
intelligence	in	the	
Universe	and	share	this	
knowledge	to	inspire	
present	and	future	
generations



Are	we	alone?



NASA	
Wants	to	
Know…



And	Now	–	For	The	First	Time…

We	have	the	Tools	&	Technology	to	Find	Out!



Organization

Research	-	To	Explore

Education	-	To	Inspire

Outreach	-	To	Engage



Institute	Facts	and	Figures

Founded	in	1984	by	Jill	Tarter	and	Tom	Pierson	at	the	NASA	Ames	Research	Center

More	than	90	PhD	Research	Scientists	and	50	Research	Affiliates

10	Professional	Staff	in	Education,	Communications	and	Outreach

126	Total	Staff,	Headquartered	in	Mountain	View,	CA

~	$25M	Annual	Operating	Budget

~	85%	of	funding	from	Federal	grants	and	contracts


Serve	as	prime	contractor	to	NASA	for	Planetary	Protection

Manage	and	Operate	the	Allen	(Radio)	Telescope	Array	(ATA)	in	Northern	California

Administer	and	Manage	Education	Programs	in	Partnership	with	NASA	and	NSF

Develop	Formal	and	Informal	Curriculum	Materials	for	Education	Programs

Actively	Engage	in	Public	Outreach	to	Share	Our	Science	with	the	General	Public





Funding	Sources,	Collaborators,	Partners



A	Structured	Approach
One	Question Three	Domains Six	Disciplines

Astrophysics

Exoplanets


Planetary	Exploration

Astrobiology


Climate	&	Geoscience


Radio	and	Optical

Technosignatures

Structure	of	the	
Universe

Planets	and	
Habitability

Life,	Complexity

&	Intelligence

Are	We	Alone

In	the	


Universe?



What	we	do
Research	Across	the	natural	sciences:

▪ NASA	Science	Mission	Support

▪ Field	Expeditions

▪ Laboratory	Research

▪ Ground-based	Observations	–	Radio/optical

▪ Space-based	Observations	–	Hubble,	Kepler,	TESS…

▪ Technology	and	Instrumentation	Development

▪ Advanced	data	analytics	and	data	management


We	explore	to	understand	:

▪ Stellar	and	planetary	evolution

▪ Planetary	environments	and	habitability

▪ The	nature	and	origins	of	life

▪ The	evolution	of	intelligence	and	technology




A	Day	at	the	Office…



Chemistry Physics Biology Astronomy

Geology Climate	Science Planetary	Science
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D. Estevez





Royal Society Summer Science Exhibition, July 2019 International Astronautical Congress, October 2019





Primary User Beam

Commensal Beam

COMMENSAL	OPEN-SOURCE	MULTIMODE	INTERFEROMETER	

CLUSTER	SEARCH	FOR	EXTRATERRESTRIAL	INTELLIGENCE

Project	COSMIC	(2021	-		)

Capable	of	detecting	Arecibo	radar	at	5kpc 
(billions	of	stars)

Jansky	VLA	(first	ever	use	of	VLA	for	SETI)



Extending	our	Reach	to	the	World

Big	
Picture	
Science

‘SETI	Talks’	Lectures

Artists	in	
Residence	

www.seti.org



Education	
Advantage

Airborne	Astronomy	
Ambassadors


NASA	Program	for	High	School	Science	
Teachers	from	Underserved	School	
Districts	-	10	Years	and	running…

Reaching	for	the	Stars


NASA	space	science	for	Girl	Scouts

In	Partnership	with	the	University	of	Arizona	

and	Astronomy	Society	of	the	Pacific



It’s	All	About	IMPACT
• AAA	for	Teachers	–	Over	200	Alumni	and	>	40,000	learners	
reached	over	the	past	9	years


• Demonstrated	student	gains	in	standards-based	learning	
and	improved	attitudes	towards	STEM	subjects	and	careers


• Over	185	Undergraduate	Interns	over	15	years


• More	than	65,000	young	girl	scouts	completing	badge	
programs	in	the	first	year	of	Reaching	for	the	Stars	and									
>	100,000	in	year	two…


• New	partnerships	evolving	with	Cal	Academy,	Chabot	Space	
Science	Center	and	the	Smithsonian	Institute	



Frontier	Development	Lab



A	Public/Private	Partnership	for

AI/ML	and	Space	Science



NASA	Frontier	Development	Lab	–	At	a	Glance

Deep	Learning	meets	Deep	Science	+

Public	/	Private	partnership

=	New	synergies	for	NASA	research



Frontier	Development	Lab

Conceived	by	the	Office	of	the

Chief	Technologist	at	NASA	HQ	in

2014/2015	to	explore	three	underlying	thesis:


1) Applicability	of	AI	and	Machine	Learning	to	NASA	Research	Priorities


2) Efficacy	of	Interdisciplinary	Teams	Working	on	Short	Time	Horizons


3) Ability	of	Public/Private	Partnership	to	Accelerate	NASA	Objectives	–	Better,	Faster,	Cheaper

Mark	Cheung,		Lockheed	Martin	–	FDL	2019	‘Big	Think’



Who:	The	Players…

Early-career	PhD’s	in	AI/ML

Early-career	PhD’s	in	Space	Research

AI	&	Deep	Science	SME’s	&	Mentors

NASA	Stakeholders

Industry	Partners

Academia



What:		8-Week	Summer	Research	Accelerator

Interdisciplinary	teams	
leverage	the	latest	GPU	&	
CPU	technology	and	
advanced	machine	learning	
tools	for	an	intensive	
summer	workshop	–	
supported	by	subject	
matter	experts	from	
Industry,	NASA	and	the	
research	community



When:	 Late	June	to	Late	August

Week	1:	AI	Boot	camp	at	
NVIDIA

Week	8:	Team	Presentations	at	Intel



Where:	Mountain	View,	California



Why?	To	Accelerate	Discovery	&	Understanding

Process	Improvement:

3D	asteroid	shape	modeling


Discovery:

Finding	long-period	comets


Understanding:

Forecasting	solar	behavior


Exploration:

Enabling	autonomous	navigation

Pace	of	Data	Generation	Far	Exceeds	Pace	of	Data	Analysis



Program	History	and	Launch

SETI	Institute	engaged	in	2015	to	host	&	administer	FDL	due	to:


▪ 	 Institute	history	supporting	NASA	research	and	existing	cooperative	agreement


▪ 	 Institute	proximity	to	and	relationships	with	NASA	ARC


▪ 	 Location	in	Silicon	Valley	–	Key	geographic	center	for	AI/ML	tools	and	technology


▪ 	 Ability	to	engage	private	companies	to	explore	partnership	opportunities


▪ 	 Science	mentors	to	support	initial	FDL	investigations	into	NEO’s	and	Planetary	Defense



Grant	Proposals







Are	we	alone?

Let’s	Find	Out	
Together!


• Technical	development	(e.g.	ATA)

• Education	with	GNU	Radio

• Frontier	Development	Lab

• Grants

• etc.


