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V i s i o n

E x p l o r i n g  t h e  s e c r e t s  o f  t h e  u n i v e r s e  f o r  t h e  b e n e f i t  o f  a l l .  

M i s s i o n

N A S A  e x p l o r e s  t h e  u n k n o w n  i n  a i r  a n d  s p a c e ,  i n n o v a t e s  f o r  t h e  
b e n e f i t   o f  h u m a n i t y ,  a n d  i n s p i r e s  t h e  w o r l d  t h r o u g h  d i s c o v e r y .



WHY GO?
BENEFITS TO HUMANITY

SCIENCE

INSPIRATION NATIONAL
POSTURE

The pursuit of exploration yields 
invaluable scientific discoveries, serves 
as a catalyst for global cooperation, and 
inspires future generations to dream big.



NASA Directorates
A e r o n a u t i c s  
R e s e a r c h  M i s s i o n  
D i r e c t o r a t e  -  A R M D

S p a c e  T e c h n o l o g y  
M i s s i o n  D i r e c t o r a t e  -  
S T M D

S c i e n c e
M i s s i o n  D i r e c t o r a t e  -  
S M D

E x p l o r a t i o n  
S y s t e m s  
D e v e l o p m e n t   
M i s s i o n  D i r e c t o r a t e  -  
E S D M D

S p a c e  O p e r a t i o n s
M i s s i o n  D i r e c t o r a t e  -  
S O M D

M i s s i o n  S u p p o r t
D i r e c t o r a t e  –  M S D



NASA Centers and Faci l i t ies





MISSION TYPE

Uncrewed lunar flight test

MISSION DURATION

25 days, 10 hours, 53 minutes

LAUNCH

Nov. 16, 2022

SPLASHDOWN

Dec. 11, 2022



LUNAR CAPABILITIES AND TECHNOLOGY

SPACEX BLUE ORIGIN

ASTROBOTIC TECHNOLOGY DRAPER LABORATORYFIREFLY AEROSPACEINTUITIVE MACHINES



CLPS Landing: Intuitive Machines
I M - 1  M I S S I O N



Human Landing System
H L S

Credit: SpaceX Credit: Blue Origin



Lunar Terrain Vehicle
L T V

Credit: Intuitive Machines Credit: Lunar Outpost

Credit: Astrolab



Moon to Mars Segments

Human Lunar Return Foundational Exploration Sustained Lunar Evolution Humans to Mars
Initial capabilities, systems,  

and operations necessary to  
re-establish human presence

and initial utilization (science, etc.)  
on and around the Moon.

Expansion of lunar capabilities,  
systems, and operations supporting  
complex orbital and surface missions  
to conduct utilization (science, etc.)  

and Mars forward precursor  
missions.

Enabling capabilities, systems, and  
operations to support regional and  

global utilization (science, etc.),  
economic opportunity, and a steady  
cadence of human presence on and  

around the Moon.

Initial capabilities, systems, and  
operations necessary to establish  

human presence and initial utilization  
(science, etc.) on Mars and  

continued exploration.



DEFINING ARTIFICIAL INTELLIGENCE
ARTIFICIAL INTELLIGENCE REFERS TO COMPUTER SYSTEMS THAT CAN 
PERFORM COMPLEX TASKS NORMALLY DONE BY HUMAN-REASONING, 
DECISION MAKING, CREATING, ETC. 

ARTIFICIAL INTELLIGENCE
Computer systems that can 
perform tasks normally done by 
humans – reasoning, decision 
making, creating, etc.
For official purposes, NASA uses the definition 
from the 2019 National Defense Authorization 
Act, a de facto government standard

MACHINE LEARNING
Subset of AI that uses statistical 
methods to enable machines to 
improve with experience using 
datasets vs. programming

DEEP LEARNING
Subset of ML that uses neural 
networks (processing that imitates 
brain neurons)



AI DEFINITION FROM THE 2019 
NATIONAL DEFENSE AUTHORIZATION ACT

AI includes the following:
1. Any artificial system that performs tasks under varying and unpredictable circumstances without 

significant human oversight, or that can learn from experience and improve performance when 
exposed to data sets.

2. An artificial system developed in computer software, physical hardware, or other context that solves 
tasks requiring human-like perception, cognition, planning, learning, communication, or physical 
action.

3. An artificial system designed to think or act like a human, including cognitive architectures and neural 
networks.

4. A set of techniques, including machine learning that is designed to approximate a cognitive task.
5. An artificial system designed to act rationally, including an intelligent software agent or embodied 

robot that achieves goals using perception, planning, reasoning, learning, communicating, decision-
making, and acting.



TYPES OF AI  AND DIFFERENCES

 AI (Artificial Intelligence): The broad field of 
creating machines or software that can perform 
tasks usually requiring human intelligence, such 
as learning, reasoning, and problem-solving.

 ML (Machine Learning): A subset of AI focused 
on building systems that can learn from data and 
improve their performance over time without 
being explicitly programmed.

 LLM (Large Language Model): An LLM is an 
advanced AI system trained on vast amounts of 
text data to understand and generate human-like 
text.

 GPT (Generative Pre-trained Transformer): 
GPT is a type of LLM specifically designed to 
generate coherent and contextually relevant text 
based on pre-training on large datasets

 ChatGPT: An AI chatbot based on the GPT 
model that can engage in conversations, answer 
questions, and generate text based on prompts.

 GenAI (Generative AI): AI that creates new 
content, such as text, images, music, or videos, 
based on the data it has been trained on.

 NLP (Natural Language Processing): A field of 
AI that focuses on the interaction between 
computers and human language, enabling 
machines to understand, interpret, and generate 
human language.



AI AND THE FEDERAL GOVERNMENT

GSA: “The AI Guide for 
Government” 
“A living and evolving guide to the application of Artificial 
Intelligence for the U.S. federal government, provided by the 
GSA IT Modernization Center of Excellence.”

https://coe.gsa.gov/coe/ai-guide-for-
government/introduction/index.html

White House: “Executive Order 
14110"
“Artificial intelligence (AI) holds extraordinary potential for both 
promise and peril. Responsible AI use can help solve urgent 
challenges and enhance prosperity, productivity, and security. [...] 
Irresponsible use could exacerbate societal harms, displace 
workers, stifle competition, and pose national security risks. 
Harnessing AI for good requires mitigating its substantial risks [...] 
through a society-wide effort involving government, the private 
sector, academia, and civil society.” https://www.whitehouse.gov/briefing-

room/presidential-
actions/2023/10/30/executive-order-on-the-
safe-secure-and-trustworthy-development-
and-use-of-artificial-intelligence/ 

https://coe.gsa.gov/coe/ai-guide-for-government/introduction/index.html
https://coe.gsa.gov/coe/ai-guide-for-government/introduction/index.html
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/%20%E2%80%8B
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/%20%E2%80%8B
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/%20%E2%80%8B
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/%20%E2%80%8B
https://www.whitehouse.gov/briefing-room/presidential-actions/2023/10/30/executive-order-on-the-safe-secure-and-trustworthy-development-and-use-of-artificial-intelligence/%20%E2%80%8B


Guiding Principles

• Maximize benefit, manage risk
• Amplify existing mission AI momentum
• Empower workers with AI
• Governance: coordination vs. control
• Share best practices, pool investments
• Learn & evolve

As NASA's Chief Data Officer and Chief Artificial Intelligence 
Officer, Salvagnini fosters synergy between these critical 
roles, especially in assuring data readiness for responsible 
and transparent use of artificial intelligence (AI).

Read interview with David Salvagnini at AIAA.org: 
https://aerospaceamerica.aiaa.org/departments/nasas-ai-czar/

David Salvagnini
NASA Chief Data Officer
NASA Chief AI Officer

NASA’S APPROACH TO AI  GOING FORWARD
AI Readiness

“What does 'AI-Ready' mean? 

It means taking steps to collect data around relevant systems, 
equipment, and procedures, and storing and curating that data in a 
way that makes it easily accessible to others for use in future AI 
applications. 

An AI-Ready organization is one that is prepared to effectively 
implement and leverage AI technologies to drive mission outcomes.”

AI Town Hall
Hear NASA administrators speak on AI at NASA, May 2024 
in a recorded, public Town Hall:
https://www.youtube.com/watch?v=n3LH7Hd0L5s  

https://aerospaceamerica.aiaa.org/departments/nasas-ai-czar/%E2%80%8B


ETHICAL AI



ADVANCING AI
AND BENEFITING HUMANITY
ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING AS AN ENABLING 
FORCE

Working DigitallyMissions Science



MISSION VALUE FROM AI@NASA

AI Image Analysis for Space 
Inspection (e.g., Glove)

Enable Scaled Air 
Traffic Control

Detect and Recover 
from Emergencies

AI-Assisted Vehicle 
Design / Engineering

AI-Enabled Project 
Management

AI-Augmented PSR 
Images for Lunar Plans

Automate Repetitive 
Processes

Condition Based 
Facilities Maintenance

AI-Fueled IT Security

Early Warning of 
Severe Storms

Discover ExoPlanets 
and Multi-Star Systems

AI-Augmented System 
Engineering

Predictive Modeling – 
AI-Enhanced Digital Twin

HR – Resume 
Reviews; Performance

AI-Enabled Financial 
Analysis & Fraud Det.

Enable the Impossible
Mission-Embedded AI:

Rovers, Satellites, Spacecraft, 
Aircraft, UAS, Habitats, 

Coordination & Control…

Mission-Enabling AI:
Research, Engineering, Science;

Labs, Experiments, Tests, 
Requirements, Plans, Analysis…

Improve Safety

AI in Mission Support:
Finance, Procurement, Information 

Technology, Security, Facilities, 
Human Resources…

Save Resources



NASA FY2023 AI  INVENTORY



NASA’S USE OF AI/ML

D E T E C T I N G  
I C E  P L A T E S  
I N  
E U R O P A ’ S  
C H A O S  
T E R R A I N S

G E O P H Y S I C A L  O B S E R V A T I O N S  
T O O L K I T  F O R  E V A L U A T I N G  
C O R A L  H E A L T H

T E R R A I N  R E L A T I V E  N A V I G A T I O N :
A U T O N O M O U S ,  V I S I O N - B A S E D  S Y S T E M  

F O R  L A N D M A R K  R E C O G N I T I O N ,  
S P A C E C R A F T  P O S I T I O N  E S T I M A T I O N ,  

A N D  S P A C E C R A F T  R E T A R G E T I N G
T I T A N  M E T H A N E  
C L O U D  D E T E C T I O N

“ML will have large and increasing role to play in 
planetary exploration, including not just science 

applications but also in engineering and 
autonomous operations and decision making.

– IEEE Paper (Nixon, C., et. Al) October 2023

“

P E R I O D I C  T A B L E  O F  L I F E  
( P E T A L ) :  T O O L  A N D  O P E N -

S O U R C E  F R A M E W O R K  T H A T  U S E S  
A R T I F I C I A L  I N T E L L I G E N C E  T O  

A I D  I N  T H E  S Y S T E M A T I C  I N Q U I R Y  
O F  B I O L O G Y  F O R  I T S  

A P P L I C A T I O N  T O  H U M A N  
S Y S T E M S



ARTIFICIAL INTELLIGENCE (AI)  /  
MACHINE LEARNING (ML) CASE STUDY
ARTIFICIAL INTELLIGENCE IS HELPING SCIENTISTS TO IDENTIFY MINERALS WITHIN 
ROCKS STUDIED BY THE PERSEVERANCE ROVER ON MARS

D E T E R M I N E S  
T H E  M I N E R A L  
C O M P O S I T I O N  
O F  R O C K S  B Y  
Z A P P I N G  T H E M  
W I T H  X - R AY s  
( B L U E  D O T S  I N  
T H E  I M A G E )

“ A D A P T I V E  S A M P L I N G , ”  T H E  
S O F T W A R E  A U T O N O M O U S LY  P O S I T I O N S  

T H E  I N S T R U M E N T  C L O S E  T O  A  R O C K  
TA R G E T,  T H E N  L O O K S  AT  S C A N S  O F  

T H E  TA R G E T  T O  F I N D  M I N E R A L S  
W O R T H  E X A M I N I N G  M O R E  D E E P LY.  



AI/ML CASE STUDY
MISSION-EMBEDDED AI: LUNAR FEATURE DETECTION

20 Landing 
Sites

22TB 
data

<3m feature 
detection

Leveraged ML for image 
processing of lunar 
dark-side data:
Produced >4,000 validated, high-
resolution, low-noise images 
(22TB) with  ~3 m feature 
resolution to significantly 
reduce uncertainty for landing 
site / traverse planning & science 
target selection for VIPER & 
other future missions 

Ignacio Lopez-Francos
Ames Research Center

Lunar Feature Detection



AI/ML CASE STUDY
MISSION-EMBEDDED AI: EVA GLOVE INSPECTION

Martin Garcia
Johnson Space Center

AI/ML prototype performed 
diagnostics & generated a GO/NO-GO 
recommendation on the glove condition 
in 45 seconds, a process that normally 
takes multiple days for a group of 
people.

December 2021: 
First US AI/ML model on the 
International Space Station 

EVA Glove 
Inspection



AI/ML CASE STUDY
MISSION-ENABLING AI: PROJECT MANAGER’S LESSONS LEARNED 
ASSISTANT

Nipa 
Phojanamongkolkij
Langley Research Center

Centralized, 
contextualized, 
real-time intelligent 
(NLP/ML) document 
content search
provides real-time alerts 
to Project Managers on possible 
risks

Project Manager’s Lessons Learned Assistant



AI/ML CASE STUDY
MISSION-ENABLING AI: SCIENCE DISCOVERY ENGINE

“In the brief time that I have explored the new 
search interface, I was able to learn a lot about the 
GEDI mission, the data that are available, and the 
calibration & validation that have occurred.” 

29

Kaylin Bugbee
Marshall Space Flight Center



AI/ML CASE STUDY
AI IN MISSION SUPPORT: PREDICTIVE MAINTENANCE

Smart Centers
today…      

Analyzing real-time 
data & insights into 
facilities/systems to 
predict probable 
failures

… enable
Smart Bases 

tomorrow

30

Benjamin Galke
Langley Research Center
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