The Importance of Digital Transformation for future
Deep Space Human Missions
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Deep.Space Mission Operatidns
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On-board Mission Control

Current Future-Notional
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NASA History of Digital Transformation

+ NASA has been involved in

Digital Transformation since the

70s-digital twin.
 Apollo space program .
— Apollo 11 lunar landing “1201” alarm

— Apollo 13 manuveeur fo return to
earth and power savings.

 Shuttle & Station

— Shuttle Avionics Integration Lab
— Station ground systems
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NASA Initiative to Erhbrace Digital Transformation

ons are increasingly complex and
ated with industry, on shorter timeline

e aerospace industry, and the world,

digitally transforming around us

logy Convergence-ML/Al, MBSE,

' talent is expecting to work in a " New NASA
digitally-enabled workplace , T
opportunities

ble integrated universal collaboration
& partnerships

Enhance NASA mission impact by reinventing its processes, products, and capabilities

Adapted from Jill Marlowe et al “NASA Digital Transformation Primer”




Human & Technology Challenges
for Deep Space Missions-Notional -




The Need for Digital Transformation For
Deep Space Missions

€ Mars is a major
paradigm change in
mission complexity

€ Improve mission
success against risks.

4 Human Systems
Integration critical to
mission success

Design for human-system
interactions given human
kmitations and capabilities

Efficient and effective
training systems and
training design

Design to simplify and

optimize human resources [eil wado ol 4
for M&S with given mission

constraints

Verification

Design for flight and ground
crew objectives and
constraints including
autonomy and automation

Minimize risks to personnel
and design for mission success

Ensure design supports crew
human health and
performance for all living and
working conditions

Requirements flow dowr

fRequirements Definition
Processes
1. Stakehalder Expe ctations
Defivmon
2 Technal Requeements
Defirmon

Technical Planning
Process
10 Technical Manning

Realued products
1ol bove

2

Technical Solution
Definition Processes

3 Logical e composition
& Design Sobtion Defnition

Technical Control
Proces ses
1. Requirements Mansgement
12 irtertace Manage ment
13 Technical Risk Managerment
14 Configuration Management
15 Technical Data Managerment

Product Transtion Process
9. Product TRmtion

Evelustion Processes
7. Product Vesthcation
4 Product Val dation

Technal Assessment
Proce:
16 Tachrical Asses sment

Design Reallzation
Processes
5 Prodhuct imple mesiation
6 Product imegration

Require ts flow down

10 leve! bl ow

System desgn processes
apphed 10 sach work bre skdown
St e model down and
81013 system strudue

Design

Tec hnical Dec sion Analyss
Proces
17. Dacison Analyss

Barriers

Realized products
m bevel below

acpied 1o each product
up and acro -

f‘
Testing f

Maintenance

/4 Crew Health
7

Accident




Space Dlgltal Twin Major Challenge 1 —

Large
space and
power

Processors
speed in
glgahertz

HPC Servers Server Farms

Size,
weight, and
power are
a

Ground Systems

Solar grolons ; . . . :

Heavier lons ™ | 12 s .\_.-.s._il 5 = : i Speed in the
Trapped Particles g L o o low

megahertz

Notional Space System cloud-computing system




Space Digiial Twin Major Challenge 2 —
Distance & Data Rates

Virtual Space Physical Space
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-Path to Future Space Missions
through Digital Transformation(DT)

Develop technology to learn to
live and work on other worlds

- Refine DT processes

o e

Settle Mars
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- Continue to refine DT

On to other worlds!
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