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Highlights Since IWS 2023

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

Delivered
< :> Ctp:blllty
“Problem space, p -
not solution space” KN 2 Validated =
“ 2 b et Solutiol >
Or “What, not How' &;; utlon, '\\~
e A e

= Stakeholder —

Requirements Ml’oﬂic:io Product = Transition
Definition = Valdation
« Requirements - Verification
Anu'l‘ysls + Integration
= Architecture = Implementation
Desian
. 1* Decision Analysis = Requirements Management = Technical Data Management
Do we have solutions? If no, « Technical Planning - Risk Management - Interface Management
* Technical Assessment « Configuration Management
research & development are

required!




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

* |solation, 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.

https://io.jsc.nasa.gov/photos/10272/hires/S96-01091.jpg/
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—>MC ExMC Model-Based Systems Engineering (MBSE)

» 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

A process of integrating clinical and systems engineering inputs to generate recommendations
for medical system design

Medical Domain Activities Sys Eng Activities
Teams work
closely

Medical together
Conditions

Med Sys Medical System
Capabilities ‘ Requirements |

Med Sys s KEY:

Candidate Test . .

Resources Objectives Medical domain products

@ Systems engineering products
Human Research Program products
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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

e Approved by EXMC Control Board in 2023

Long-Duration Lunar Orbit and Lunar Surface

®_ Medical System Foundation
Version: 2.0.1

AMedical System Foundation Is a system model that contains both Systems Engineering products and Clinical Data, it
is meant 1o serve as a starting point for NASA programs that are developing mission- and vehicle- specific medical
systems. Now users of this web report are recommaended 10 reference the accompanying context, process and history
Gocument while viewing the report: Medical System Foundation for Level of Care I\ ng-Duration Lunac Orbit and
Lunar Surface: Context, Process, and Project History.

The Medical System is a subsystem of the Crew Healh and Performance (CHP) system; it interfaces with the other
CHP subsystems and vehidie systems external to the CHP system. The Medical System Foundation model captures
systems engineering and clinical content and the relationships that exist between and among them. The model includes
a Concept of Operations (ConOps), a kst of functions traceable to the ConOps content, requirements derived from the
functions, a set of medical conditions that could occur in-Sight. medical capabilities, and example resources that could be
used 10 diagnose of treat these conditions.

Landing Page

Information about the Medical System Foundation

System Inputs

The guiding inputs of the Medical System
Foundation Model include NASA standards.
program-specific requirements related to medical L
care, and assumptions regarding mission oporating NASA Standards and  Mission E
environments and interfaces between the Medical Related Requirements  Aseumptions
System and other systoms.

*NASA internal access, by request

drenment  Medical System Context

(Scrolling down)

Concept of Operations and
Functional Decomposition

The Medical System Foundation systems
engineenng content consists of a Concept of
Operations (ConOps) v System luncions

The CorOps inchades stakehoider needs. system
constraints. operating BAVONMEnts
that Nghisght potental

System functicns and scbincions are derived from
e ConOps via & unctional 4ecompositon process.
Thesae functions served as an input %o the
“ogquremants davelopTant process

Clinical Content

The Medical System Foundation clinical content
inchudes madical conditions and the derived
chcal capabiises and associand rescurces
neode agnose and teat Tose madical

The cinical capabiites served as an
ingut 10 the technical requiremants derivation
process. These contents as woll as the traceable
relationships between them five in this section

Technical Requirements
The Medical System emants represont the
needs aed are
@riven by the contert documented in e ConOgps
(e.9.. scenanos and functions), clinical capabilties,
NASA standards and histonical T and
DAEAL SyRIET EQAOMENtS Itertaie requremants
were also developed. which represent medical needs
™hat are allocated 1o other systoms based on the
a80d systom acchitlecture. The Medical System
jonal, non-functional, and interface requirements

aro defined within NASA as Level 4 and have traces
10 their Level 2 and 3 parent requiroments, NASA
Standards and his!
capabines.

al documants, and P chnical

Concept of
Opatons

Functonsl
Decompostion

Cancidate Tost

Copetrens

Recparrrmmate
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EIMO Concept of Operations (ConOps)

/ Content

v  Purpose and Scope
Purpose

Scope

Terminology
Applicable documents table

Reference Documents

Stakeholders
Stakeholder Need
Goals

Objectives

Assumptions

Environments

> Scenarios

K}‘«ppendncvu

Design Reference Mission Summary

v System Description and Assumptions

System Description and Context

N

J

Baseline Draft

Version information

Version information Q

o Earth-Independent Medical Operations

s Version: 0.0.1

Purpose and Scope

Purpose

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

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.

S S o
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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 Il and
Artemis IV missions

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

CHP System Dashboard

Countermeasures

«CHP Capatiitys

Bone and Muscle/Exercise Behavioral Monitoring

«CHP Cay

y
FoodMNutrition

[C) -

«CHP Cagabisys «CHP Capoiitys W

SANS Team Cobesion

«CHP Capabitys Y
Woekload Moanoriog

.
«CHP Cagabieys |
Sensorimotor

«CHP Capatity» T
Cardiovascular

if
CHP Cagabieys Y

Microhost
Out of scope Out of scope
«CHP Cagabiey e Y «CHP Capaterty»
Psychological Recreation

References
-
Legend of icons.

Reterence documents

Behavioral Health

«CHP Capasiity» Y

Medical Capability

«CHP Capatiitys T
Pharmaceutical

«CHP Capatitys T
Clinical Care

Out of scope

«CHP Capabieys T
Laboratory

«CHP Capabaays
Dental Care

«CHP Capadatys
Clinical imaging
Artemis lll Mission Information

Artermis il

Crewed Artemis B mission segment configurations

NASA Acronyms
NASA Glossary
Moon to Mars and Artemis Program Acromyms

Woon 10 Mars and Artemis Program Glossary

Crewed

Artemis IV Mission Information

Artemis IV
-

Artemis [V mission segment configurations

Environment Health EVA

*CHP Cagabieys J

=CHP Capabiinys ¥
Performance

Chemical

wCHP Capabiays

#CHP Capabiny» T i

Radiation

wCHP Capabiny» I

Acoustic
Out of scope
«C1P Cagabitys Y
Sult Fitnjury Tracking
Out of scope

«OP Cagabltys
Ops Planning Suppert Data
«CrP Cagpabltys

Bioinfermatics and Health
Decision Support

«CHP Cagabitys J
Miceobial

2023 Artemis CHP System Model
Version: 0.1.0

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

News & Events v Multimedia v  NASA+ L1ve

EXMC Home  AboutExMC  Products Meet the Team

ExMC Products

The ExMC element promotes human health and performance in space by advancing medical systems design and

risk-informed decision-making for exploration beyond low-Earth orbit.

Short-Duration Lunar Orbit Long-Duration Lunar Orbit and Lunar Surface Clinical Decision Support
Learn more about the Short-Duration Lunar Orbit Learn more about the Long-Duration Lunar Orbit and Learn more about the Clinical Decision Support project.
Medical System Model. Lunar Surface Model.
Read More ©
Read More © Read More ©

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



ExXMC Home  About EXMC  Products  Meet the Team

Introduction to the Short-Duration
Ih.nundarIOrbit (SDLO) Medical System
ode

Corodts NASA

What is the purpose of the SDLO model?
ExMC's SDLO model represents a medical system found

on that provides o set of information for o Gatewary-like
missicn of 42 days o less. It cons
(AMCL), and o SDLO m

because it is intended to be a starting point for missions with similar peo

of a Concept of Opes

tions (ConOps). an Accepted Medical Condition List

system model wh os medical requirements. We coll it a “found:

les. We expect someone will be able to

take this foundation and taier it f ir own use by customizing the ConOps, changing some of the AMCL. of

medifying other functicnal requirements to suit a partic

lar mission profile.

How do | view the SDLO model?
To access the SDLO model, click on the link below. Some content (such as tables) may take a few seconds 10 load

because of the

1ount of information being displayed.

Medical System Foundation for Level of Care IV: Short-Duration Lunar Orbit

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

SDLO Model Landing Page

o9 5
Dagam  Specfcwton | Aspessin

Content Diagram 00_Level of Care IV Medical System Foundation

Cortert Cugrar 3 Level of Core W Vel Sro

Medical System Foundation for Level of Care

IV: Short-Duration Lunar Orbit

About this HTML Report:
This HTML report contains visualizations and links
that pertain 10 & Medical System for a Level of
Care IV: Short-Duration Lunar Orbit mission. The
general format and content stem from a Systems
Engineering modeling 100l which uses specific
language and format for consistent modeling
across systems. This link provides an cverview of
the Medical System Foundation model: About this
Mocel

This HTML report shows a subset of the entire
model. It is meant to give the reacer an idea of the
kind of information that the model can provide. For
more information or more detail, please contact the
ExMC Element's MBSE Lead

About this Diagram:

For detalled information on how to use this report,
start with the Guide for Using HTML Report. This
diagram on the right represents the system
architecture for the Habitat System and its
component systems.

Each gray box shows one of the Habitat systems
and its constituent parts (groupings of
functionaities and capabilities). The Medical
System Is dark gray and the focus of the current
model. It incluces the full content. The light gray
boxes incicate systems that interface with the
Mecical System. Cick the System Content icon to
see the Medical System content for each of the
systems

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

ExMC Products Website

ExMCHome AbOUtEXMC  Products  Meot the Team

Introduction to the Long-Duration
Lunar Orbit and Lunar Surface
(LDLOLS) Model

Crodit: U5 Maman Space Flight Mass Commities

What is the purpose of the LDLOLS model?

medical system found

that peovides a set of information for &

n Lunar Orbit, 3 months on the Lunar Surface). It includes of a Conc

dition List (AMCL), an

th samilar profiles. We expect someone will be able

ation and tailor if wn use by

mizing the ConOps, changing some of the AMCL, or modifying other technical requirements 1o suit 3

particular missicn profile.

How do | view the LDLOLS model?

link Bolow

the amount of information being disp

Medical System Foundation for Level of Care IV: Long-Duration Lunar Orbit and Lunar Surface

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

LDLOLS Model Landing Page

Dagam  Specficaticn | Appears in

Content Diagram Medical System

Medical System Foundation for Level of Care |V:

. Long-Duration Lunar Orbit and Lunar Surface
Version 1.0.11

used 10 Clagnose Of treat these con

Information about the Medical System Foundation

ents retated
care. and a5 reganang m
envroements and inbertaces between the Medc ¥

System and cther systems

MASA SEndards and
Relwed Requremerrs

Concept of Operations and
Functional Decomposition

The ConOps Includes stakeholder needs. system

It

1"



ExMC Products Website

i i it CDS Model Landing Page

Introduction to the Clinical Decision o IR
Support (CDS) Concept of Content Diagram Home
Operations (ConOps) and
Candidate Requirements

Exploration Medical Capability Clinical Decision Support Model

CDSS Paracigm
Uniice 1SS opaeat
ndepencent Me

AN 00N 18D HICH 0N e 2068y 35 CONAE £
AANg On the SRl Poaliens of EXN and Mars when the Crow reach Mars, cne-way

0 minutes( 1] TRose COMMUNCINN delars wil requie the -
ACNOMOUS O5eralion 15 Gefned here
B SN (I8 3
CLtINe Neah Care May B 3 hytnd sy
By dun ack of communication rom planetary Agnment
By 17 e 35eN0s of FSUSDRY MissH

B0CB00 200 1DV ENICE COCIEON

38 woukd not have e
Uoraover. f pre-mght

3 foed e
wehiCuar 2CvEy, SACECrat ystems manten
s the patient 3nd reqy
0

for Space Mescine Dunng Travel Beyond Eam
achingten (DC) Natonal Academies Press (U

e Passage
1. PMID 25057

pevereies o0 Created 3 v
Bat JR. Evans CH Jr, et

Insnae of Medcee (US
e for Expioeation M

Model Directory

Credie NASA

Concept of Operations Requirements
(ConOps)

What are the CDS ConOps and Candidate Requirements?
ExMC's C ICDS) Concept of Opes nOps) and Candidate Requirements is a set of

infermation for & Seep-SPOCe ExpIOraticn Missi

vcal Decision Suppe

€03 Requrements Overview

ave to provide Earth-independent Conops Rome

Where astrenauts may
medical care to a crewmember. CDS Is a software 0ol that acts as an assistant to diagnose, treat, and prevent
n-board support to enable od

ors. In addition, a COS

medical conditions. A spaceflight COS system must provide real-time,

system

ipated medical conditk

crew independence for managing anticpated and una
wopeiatoly rospond 1o medical events. The

ha craw's ability

wil increase Earth.independence by increasing

the ConOps and candidate requirements are 1o provide a starting point for missions with similar

s that mary bo customized to suit o g a¢ mission needing a COS system
Acromyms
How do | view the CDS ConOps and Candidate Requirements? -‘_ Costact
To access the COS model, click on the link below, Some content (such as tables) may take a few seconds 10 load [ © EMC-DU-SE-WRSE { ead@ru nass gov
because of the amount of imformation being displayed. | -1 Version 20
Exploration Medical Capability Clinical Decision Support [
ConOps Acromyms T s Mose! Server Version
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https://www.nasa.gov/hrp/exmc/clinical-decision-support-project



* 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

Exploration Medical Capability

> 0-
Earth Independent Medical Operations
Human Research Program

10 PURPOSE AND SCOPE
11 Pupee

Exploration Medical Capability
Earth-Independent Medical Operations
Verfy tha b the correct veruion before we

Human Reseaech Program

Verky Bia s the cormect varsien bafors use

= — Model to Document R

Comtant S

PV, :
[N,
-

Raponui ity st Crange Astrorry

e Nasonl Rerommsics ond Spuce Admiestr ion
d Lymdon 8 Johmson Spuce Cover

Y| Stony ermin oy
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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
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