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Highlights Since IWS 2023
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• Long-Duration Lunar Orbit and Lunar Surface (LDLOLS) Medical System Foundation 2.0

• Earth Independent Medical Operations (EIMO)

• 2023 Artemis Crew Health and Performance (CHP) System Model

• NASA ExMC Website

• Model-Based Systems Engineering Accomplishments

ConOps, 
scenarios

Systems 
Engineering Tools 
(e.g., models, analyses)

“Problem space, 
not solution space”
Or “What, not How”

Requirements

Do we have solutions? If no, 
research & development are 
required!



ExMC and Exploration Challenges
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https://io.jsc.nasa.gov/photos/10272/hires/S96-01091.jpg/

Challenges of Exploration

• Approximately 1000 days with little or no resupply
• Resource constraints (e.g., mass, volume, power, data)
• No evacuation capability
• Communications delays and disruptions 
• Isolation, radiation exposure
• Skills erosion over time
• Increased crew autonomy – ready access to comprehensive 

data to support decision making
• Unknown effects on crew health and performance

The Human Research Program (HRP) Exploration 
Medical Capability Element (ExMC) uses a Systems 
Engineering (SE) approach to understand the needs and 
challenges of exploration medical and CHP systems.



ExMC Model-Based Systems Engineering (MBSE)
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• MBSE is the formalized application of modeling to support system requirements, design, 
analysis, verification and validation, beginning in the conceptual design phase and continuing 
throughout development and later life cycle phases.

• Benefits:
– Consistency
– Configuration management
– Communication of requirements and their relationships
– Reviews

• Model:  Simplified version of a concept, phenomenon, relationship, structure or system
– Facilitate understanding
– Aid in decision making – examine ‘what if’ scenarios
– ExMC models typically consist of a ConOps, requirements and other model elements

• MBSE Related Tools
– MagicDraw
– Cameo Collaborator:  Publish MagicDraw model in web view format
– JIRA
– Cradle
– Microsoft Teams



Medical System Design Process
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• A process of integrating clinical and systems engineering inputs to generate recommendations 
for medical system design



LDLOLS Medical System Foundation 2.0
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(Scrolling down)

Landing Page

*NASA internal access, by request

LDLOLS Medical System Foundation 2.0*
• Updates to align with NASA Spaceflight Human-System Standards

– NASA-STD-3001, Volume 1, Rev B and Volume 2, Rev C
• Approved by ExMC Control Board in 2023



Earth Independent Medical Operations (EIMO)
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Content

Marina Parker will present:
‘EIMO Concept of Operations,’ Today at 3:15pm CT

EIMO Concept of Operations (ConOps) ConOps:

• Joint development effort between the ExMC 
Systems Engineering & ExMC Clinical 
Science Teams.

• Comprised of the needs, goals, and 
objectives; supported by nine medical 
scenarios in an MBSE model. 



ExMC’s 2023 Artemis CHP System Model
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- A system model built with 
the desktop tool MagicDraw

- Seeks to help visualize and 
analyze the CHP capabilities 
of an Artemis mission

- Focused on Artemis III and 
Artemis IV missions

- Used existing Program 
requirements from 
Exploration Systems 
Development Mission 
Directorate (ESDMD)

More to come at 11:30am CT, 
immediately following this presentation!



ExMC Products Website

9https://www.nasa.gov/hrp/exmc/products



ExMC Products Website
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SDLO Model Landing Page

https://www.nasa.gov/hrp/exmc/short-duration-lunar-orbit-model

https://www.nasa.gov/hrp/exmc/short-duration-lunar-orbit-model/


ExMC Products Website

11https://www.nasa.gov/hrp/exmc/long-duration-lunar-orbit-and-lunar-surface-model

LDLOLS Model Landing Page

New
!



ExMC Products Website
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https://www.nasa.gov/hrp/exmc/clinical-decision-support-project

CDS Model Landing Page

New
!



ExMC MBSE Accomplishments
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• Document generation method adapted from NASA MBSE Community of Practice tools.
• Communication with groups in ESDMD using ExMC system models

– Shared Crew Health and Performance (CHP) system concepts with Moon to Mars and Gateway
– Participated in the digital architecture workshop
– Exchanged modeling practices

• New models available on the ExMC public website:
– LDLOLS Medical System Foundation
– CDS ConOps and Candidate Requirements

Model to Document



Summary

• Updated to the LDLOLS Medical System Foundation based on NASA-STD-3001 (Volume 1, 
Rev. B and Volume 2, Rev. C) 

• Two new initiatives:
– Developed the EIMO ConOps
– Originated the 2023 Artemis CHP System model

• New content added to the ExMC public-facing website
– LDLOLS Medical System Foundation
– Clinical Decision Support Concept of Operations and Candidate Requirements

• ExMC SE continues to evolve the use of MBSE software tools
– Publishing documents from a MagicDraw model

https://www.nasa.gov/hrp/exmc/products

14



Acknowledgements

• Sarah Arai
• Tina Beard
• Jordan Blackwelder
• Vicky Byrne
• Jorge Bardina
• Ron Daiker
• Tyler Duke
• Daniel Jindra
• Abigail Johnson
• Mareyna Karlin

• Bryan Kirsch
• Christopher Laing
• Andrea Legreid
• John Odina
• Joe Orieukwu
• Marina Parker
• Tatyana Rakalina
• Alex Salimian
• Bill Toscano
• Sean Winther

15

ExMC Systems Engineering Team:


