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JSC Engineering: HSF Exploration Systems Development

EMNGINEERING

* We are sharpening our focus on Human Space Flight
(HSF) Exploration Beyond Low Earth Orbit

* We want to ensure that HSF technologies are ready to
take Humans to Mars in the 2030s.

 Various Roadmaps define the needed technologies

* We are attempting to define our activities and
dependencies
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* Our Goal: Get within 8 years of launching humans to
Mars (L-8) by 2025
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* Develop and Mature the technologies and
systems needed

* Develop and Mature the personnel needed

* We need collaborators to make it happen, and we
think they can benefit by working with us.



EA Domain Implementation Plan Overview

JSC Engineering: HSF Exploration Systems Development

Life Support
Active Thermal Control
EVA

Habitation Systems

Human System Interfaces

Wireless & Communication Systems
Command & Data Handling
Radiation & EEE Parts

Lightweight Habitable Spacecraft
Entry, Descent, & Landing
Autonomous Rendezvous & Docking
Vehicle Environments

Integrated

Systems &
Projects

Avionic Systems

AA-2 | iPAS | HESTIA | Morpheus
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Reliable Pyrotechnics

Integrated Propulsion, Power, & ISRU
Energy Storage & Distribution
Breakthrough Power & Propulsion

Crew Exercise
Simulation
Autonomy

Software
Robotics



Software, Robotics, & Simulation

- Crew Exercise
- Simulation
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- Autonomy
- Software

- Robotics

The Problem

EMNGINEERING
MNARA

Using Human-Machine Exercise Systems to Enhance Astronaut

Performance and Adaptation in Reduced Gravity Environments

What is the current state of the art?

*  Large, mechanically driven hardware with low data collection capability that
requires multiple hardware elements to support crew health

What is the problem we are solving?

*  New vehicles designed for deep space, and wide-spread commercial use
applications, require a massively more compact unit, rooted in robotics and
data collection, that provides a human-machine interface that creates
individualized programing in any environment on Earth or in space

Why do we want to do this?

e A sensor enhanced, human-machine exercise unit provides crew, ground
rehabilitation centers, and human performance groups with an
unprecedented, individualized and intelligent system to customize for specific
health and performance needs

What are we proposing?

*  We seek to develop a compact, sensor rich, robotics/motor driven system that enhances both muscular and
cardiovascular crew needs with additions of sensorimotor development that provides the crew with
engineering and physiological feedback

What is our idea?

*  Building a motor-based exercise unit that can be programmed with machine learning to individualize and
tailor exercise protocols to users to promote increased health and performance outcomes in a small, reliable
and robust unit

What is the benefit to a collaborator both in space and commercially?

*  Currently there is no high-fidelity unit capable of meeting the needs of crew support for our efforts to reach
Mars and beyond, the same unit required for this effort provides immense opportunity for success in
rehabilitation clinics and athlete development arenas given the user-centric, individualized nature of the
system

What kind of collaboration do we envision?

*  While our end-game is physiological improvement and sustainability, we see the symbiotic relationships of
software developers, learning language applications, sensor experts, electronics/power/motor groups, and
robotics, among many other disciplines, to support a human-centric methodology

What kind of partner do we want to grow with?

*  We want a partner who understands that no matter the landscape, deep space or ground based, that the
human comes before all else




MOTOR SKILL

USING HUMAN-MACHINE EXERCISE SYSTEMS TO
ENHANCE ASTRONAUT PERFORMANCE AND
ADAPTATION IN REDUCED GRAVITY ENVIRONMENTS

CUDY BURKHAART . NASA-JOL . ARED FIVI
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https://www.youtube.com/watch?v=S8veP-ZMR7o
https://www.youtube.com/watch?v=S8veP-ZMR7o

ORIGINS

"EVERY NEW BEGINNING COMES FROM SOME OTHER
BEGINNING’S END.”

-SENECA
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CARDIOVASCULAR

14% ISS crew experiencing aerobic capacity loss greater than permissible loss limit

MUSCULAR

25% ISS crew experiencing muscle loss beyond permissible loss limit
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SKELETAL

. R/sk of fracture due to decline of bone/mass strength may not be reversible after return toearth.
1-2% loss per month without m/t/gatlons ~ 0.5% loss per month with mitigations

NUEROVESTIBULAR | SENSORIMOTOR

88% of crew can’t walk upon landing
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EVOLUTION

"THE WORLD WILL NOT EVOLVE PAST ITS CURRENT
STATE OF CRISIS BY USING THE SAME THINKING THAT
CREATED THE SITUATION.”

—ALBERT EINSTEIN
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DATA MINING

"ANYTIME SCIENTISTS DISAGREE, IT'S BECAUSE WE
HAVE INSUFFICIENT DATA.”

—NEIL DEGRASSETYSON
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TRAJECTORY

IFYOU HAVE BUILT CASTLES INTHE AIR, YOUR WORK
NEED NOT BE LOST, THIS IS WHERE THEY SHOULD BE.
NOW PUTTHE FOUNDATIONS UNDER THEM.

— HENRY DAVID THOREAU









EXECUTE

A GOOD PLAN VIOLENTLY EXECUTED RIGHT NOW IS FAR
BETTERTHAN A PERFECT PLAN EXECUTED NEXT WEEK.

— GEORGE S. PATTON
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JSC Engineering: HSF Exploration Systems Development
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* We want to ensure that HSF
technologies are ready to take Humans
to Mars in the 2030s.

* Our Goal: Get within 8 years of
launching humans to Mars (L-8) by 2025

A4 Integrated

Systems &
b Projects

* We need collaborators to make it
happen, and we think they can
benefit by working with us.

 Pointer to Co-Dev Announcements
 Pointer to intake site
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