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Deep Space Mission Operations

Current Future-Notional

On-board Mission Control

Crew/Mission Control-Dependent                         Crew/Vehicle-Dependent
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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 manuveour to return to 
earth and power savings.

• Shuttle & Station
– Shuttle Avionics Integration Lab

– Station ground systems



NASA Initiative to Embrace Digital Transformation 

Technology Convergence-ML/AI, MBSE, 
High Performance Computing, Integrated 
Multidisciplinary Modeling and Simulation

Top talent is expecting to work in a 
digitally-enabled workplace 

Missions are increasingly complex and 
integrated with industry, on shorter timelines

The aerospace industry, and the world, 
is digitally transforming around us

Enable integrated universal collaboration 
& partnerships

New NASA
opportunities

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

 Human Systems 
Integration critical to 
mission success



Space Digital Twin Major Challenge 1 —
Computing Power

HPC Servers

Notional Space System cloud-computing system

11

Processors Processors 
speed in 
gigahertz 

range

Processors Processors 
speed in the 

low 
megahertz 

range

Large Large 
space and 

power 
availability

Size, 
weight, and 
power are 

a 
premium!

IoT & Cloud Computing Server Farms

Ground Systems
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Space Digital Twin Major Challenge 2 —
Distance & Data Rates
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•Path to Future Space Missions 
through Digital Transformation(DT)

- Refine DT processes - Continue to refine DT

On to other worlds!100000000110101010
101010101010101010
110111111111111111
110000000101010101
010101010101010101
011111101010111111

100000000110101010
101010101010101010
110111111111111111
110000000101010101
010101010101010101
011111101010111111

100000000110101010
101010101010101010
110111111111111111
110000000101010101
010101010101010101
011111101010111111

100000000110101010
101010101010101010
110111111111111111
110000000101010101
010101010101010101
011111101010111111

Develop technology to learn to 
live and work on other worlds

Settle Mars



Questions ?


