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Outline

This  pres entation will explore:

● The Challenges  of Space Exploration

● What’s  a  Digita l Twin (DT)?

● Evolutionary Digita l Twins  (EDTs ): The New Paradigm

● What Makes  EDTs  Trans formative?

● Integration of Advanced Technologies

● Trans formative Impact on Manufacturing

● From Vis ion To Reality: A Roadmap
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The Challenges of 
Space Exploration

Space exploration pres ents  unique challenges  that require innovative manufacturing 
s olutions .

● Extreme Environments : Spacecraft, s ys tems  and infras tructures  mus t endure hars h 
conditions , including radia tion, vacuum, and extreme temperatures .

● Limited or Ins ufficient Knowledge of Res ources : There is  a  need to adapt to locally 
available materia ls  and minimize reliance on Earth-bas ed s upplies .

● Long-Duration Mis s ions : Adaptability is  es s entia l for mis s ions  that las t months  or 
years , where traditional manufacturing methods  may fa ll s hort.

Thes e challenges  highlight the critical need for Evolutive Digita l Twins  (EDTs )
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What’s a Digital 
Twin? 

A Digital Twin is  a  s et of virtual information cons tructs  that mimics  the s tructure,  context, and 

behavior of a  natural, engineered, or s ocia l s ys tem (or s ys tem-of-s ys tems ), is  dynamically 

updated with data  from its  phys ical twin, has  a   predictive capability, and informs  decis ions

that realize value. The bidirectional  interaction between the virtual and the phys ical is  centra l 

to the digita l twin.
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Evolutionary Digital Twins 
(EDTs ): The New Paradigm

Space exploration demands  a  radical rethinking of how we des ign & manufacture

● Evolutionary Digita l Twins  (EDTs ) are DTs  with capabilities  to autonomous ly learn, 
generate and adapt, meeting the challenges  of s pace exploration.

● Goal: Autonomous  (re)des ign and (re)manufacturing for Moon, Mars , and beyond.
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EDTs go beyond traditional DTs , by integrating an S-LGA approach:

● Self-Learning: EDTs  can continuous ly acquire knowledge from in-s itu res ource utilization (ISRU) 
s ys tems , real-time data , and mis s ion performance.

● Self-Generative: EDTs  can autonomous ly create new des igns  and manufacturing s olutions .

● Self-Adaptive: EDTs  enable real-time adaptation to res ources , hars h, and dynamic s pace 
environments , ens uring optimal performance.

EDTs  s upport s elf-repair, reconfiguration, and zero-was te production, crucia l for s pace mis s ion 
exploration.

What Makes  EDTs  
Trans formative?
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Integration of
Advanced 
Technologies

EDTs  leverage cutting-edge technologies  and in-s itu res ources  to revolutionize s pace 
manufacturing:

● Artificia l Intelligence (AI): Optimizes  proces s es  and s ys tems , and drives  autonomous  decis ion-
making.

● Quantum Computing: Enables  complex s imulations  and ultra-fas t problem-s olving capabilities .

● State-of-the-Art Sens ors : Collect real-time data  to inform EDTs , a llowing for immediate 
adjus tments  and improvements .

● Advanced Communications : Provide ultra-fas t communications  with extremely low la tency and 
trans ferring high-volume data  (Big Data), including optical, quantum, and delay/ dis ruption 
tolerant networking.
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EDTs leverage cutting-edge technologies  and in-s itu res ources  to revolutionize s pace
manufacturing:

● Additive/ Subtractive Manufacturing and Advanced Robotics : Converge to enable autonomous , 
reconfigurable, and adaptive production s ys tems  capable of operating in remote and extreme 
conditions .

● In-Situ Res ource Utilization (ISRU) Sys tems : Provide continuous  in-s itu res ource updates  for 
efficient us e.

● Smart Materia ls : Including s elf-healing, s hape-memory, and radiation-res is tant materia ls .

Together, thes e technologies  and in-s itu res ources  empower EDTs  to autonomous ly (re)des ign 
and (re)manufacture s pacecrafts , s ys tems , and infras tructures  ens uring adaptability and 
efficiency.

Integration of
Advanced 
Technologies
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Transformative Impact 
on Manufacturing

EDTs  are s et to revolutionize the manufacturing lands cape for s pace exploration:

● Sus tainability: By optimizing res ources  and minimizing was te, EDTs  
contribute to more s us ta inable practices  in s pace manufacturing.

● Efficiency: the ability to autonomous ly redes ign and repair s ys tems  reduces  
downtime and enhances  mis s ion capabilities .

EDTs  redefine manufacturing as  intelligent, autonomous , and adaptive.
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Transformative Impact 
on Manufacturing

● EDTs  enables :
○ Autonomous  generation of efficient des igns  adapted to extreme environments  like the 

Moon or Mars .

○ Autonomous  manufacturing and repair equipment in s pace, offering s ignificant cos t 
s avings  by minimizing launch mas s  from Earth, thus  contributing to “Factories -In-Space” 
(Ajay Malshe, 2018 Blue Sky Competition).

○ Remote monitoring and teleoperation of in-s pace manufacturing s ys tems  from Earth, 
utilizing XR technologies  and advanced s patia l 3D s ens ors  (s canners ).

● EDTs  can s imulate, predict, optimize, monitor, and control—reducing ris ks , lowering cos ts , 
and making s pace exploration more effective.
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Transformative Impact 
on Manufacturing

For Space Exploration:
● Critical for NASA’s  Artemis  program.
● Enables  SpaceX’s  Mars  goals .
● Accelerates  international deep-s pace mis s ions .

For Earth:
● Sparks  a  manufacturing renais s ance.
● Promis es  s elf-adaptive and s us ta inable production s ys tems .
● Drives  economic growth and delivers  s ocieta l benefits .
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From Vision to 
Reality: A Roadmap

Phas es :

Phas e 1: Earth-bas ed prototype validation (e.g., des ert, underwater analogs )

Phas e 2: Adapt and tes t EDTs  in lunar proving grounds

Phas e 3: Full deployment and long-term operation on the Moon and/ or Mars

Call to action:

● Seek partners hips in aeros pace, AI, quantum, and manufacturing s ectors

● Launch of global “Space Factory Challenge” for s tudent innovation

● Open-acces s  dis s emination in Manufacturing Letters
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Summar
y

● Space exploration neces s itates  innovative manufacturing s olutions  due to extreme 
environments , limited res ource knowledge, and the demands  of long-duration mis s ions .

● Evolutionary Digital Twins  (EDTs ) are a  new paradigm: s elf-learning, s elf-generative and
s elf-adaptive virtual s ys tems  capable of autonomous (re)des ign and (re)manufacturing 
for deep-s pace mis s ions .

● EDTs  integrate cutting-edge technologies  like AI, quantum computing, s tate-of-the-art 
s ens ors , advanced communications , and robotics  with in-s itu res ource utilization (ISRU) 
and s mart materials .

● This  approach revolutionizes  manufacturing by enabling cos t s avings  through in-s pace 
fabrication, while reducing ris ks  and making s pace exploration more effective.

● EDTs  are critical for programs  like NASA's  Artemis  and SpaceX's  Mars  goals , 
s imultaneous ly s parking a manufacturing renais s ance and driving economic growth and 
s ocietal benefits  on Earth.
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"Exploration is in our nature. We began as 
wanderers, and we are wanderers still.”

Carl Sagan, Cosmos

Q&A
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