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MC Introduction: ExMC Medical System Foundation Models - -

EXPLORATION MEDICAL CAPABILITY

« Two ExMC Medical System Foundation an Research Progrz Ao il
Projects: e T T

— Short-Duration Lunar Orbit — Complete and = EXMC Products
Available tO the PUbIIC The Medical System Foundation for Level of Care IV:

. . Short-Duration Lunar Orbit Model
— Long-Duration Lunar Orbit and Lunar Surface — sl
Undergoing Roadshows . Whatis the purpose of this system model?

NASA's Human Research Program includes the Exploration Medical Capability (ExMC) element. This element promotes
human health and performance in space by advancing medical systems design and risk-informed decision-making for
exploration beyond low-Earth orbit.

ExMC’'s Medical System Foundation for Level of Care IV: Short-Duration Lunar Orbit model is a set of information for a
Gateway-like mission of 42 days or less. It consists of a Concept of Operations (ConOps), an Accepted Medical
Condition List (AMCL), and a system model which includes medical requirements. We call it a “foundation” because it is

] = n LHEENT
[ ) M aj o r D Iffe re n ces I n P ro cess - intended to be a starting point for missions with similar profiles. We expect someone will be able to take this foundation
| |
Related Top

— Concept of Operations (ConOps) is in Model- —
. . How do | view the system model?
Based Systems Englneerlng (MBSE) format Toaccessthesystemmode\_\ilickontheImkbe\ow Some content (such as tables) may take a few seconds to load

— Adopted Agile Project Approach
— Model infrastructure was already established

requirements to suit a particular mission profile

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

Medical System Foundation for Level of Care IV: Short-Duration Lunar Orbit
2




MC Introduction: ExXMC Modeling History g

EXPLORATION MEDICAL CAPABILITY

Kick off first Decision for model-
medical system based ConOps
foundation model development approach

2016 | 2019 | Present

@ @  Model infrastructure @ @

l and medical system l 2020 l

20 1 7 content development
occurred in parallel

Establishment of Delivery of Short Successful
ExMC Systems « Short Duration Duration Medical model-centric
System Model MBSE ConOps

Engineering Team Foundation ConOps
content exists in a
document with model
having a link to it

reviews and
Delivery of Long
Duration Medical
System Model
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Difference: Concept of Opérations in MBSE Format

EXPLORATION MEDICAL CAPABILITY

Concepts of Operations

Level of Care IV Medical 3ystem ConOps (HRP 43012
Baseling)

Level of Care IV CHF ConOps (Mot available outside
MASA)

*T|Level of Care IV Habitat M edical System Scenarios

Concept of
Operations

Page 1 of 69 HRP-48012

Recommendation for a Medical System Concept
of Operations for Gateway Missions

Exploration Medical Capability (ExMC) Element
Human Research Program

Concept of Operations Q

& > [

Medical Concept of
System Operations

Purpose & Scope

| . . AN AN
01 Purpose 02 Scope 03 Change 04 Report Applicable Reference
Authority Terminology Documents Documents

Mission Descriptions & Assumptions

This section identifies the stakeholders, the stakeholder needs, Medical System geals, and assumptions the Systems Engineering team used to define the Medical
System specified in this report. Stakeholder needs identify why this Medical System exists from the points of view of those affected by the Medical System. Goals
identify the ends the Systems Engineering team works towards while specifying the Medical System. While specifying the Medical System, Systems Engineers and
Clinicians identify constraints that limit the system. To address those consfraints, the model captures the Assumptions made about the operating and habitat
environments, as well as the Medical System itself.




Y Applicable Documents Table

# Document Reference with Hyperlink

 Ability to hyperlink to references inside

and outside Of the mOdel 1 Bl ExMC-SE-001 SEMP (Not available outside of NASA)

2 K4 HRP-47067 Rev C (Not available outside of NASA)
« Graphical representation of content

allows for better collaboration between
team members and stakeholders’

= E
understanding £
E Request
. 5 Initiate Vital Sign [ Record Vital | ValsVitals " ypioad vital
29 Recording . Signs - Signs
g % Request
H H Ts [ vitat
« Centralized Source of Truth for the project §
w
= E
that follows a consistent format :
w
Initiate Vital Sign
Recording
= =t Experience =y W
5| | @7 el e =" )¢ E= .
T a
:=,?; g v | Oufput
S e
Diagnosis Request |
5




Lessons Learned: Concept of Op'e'rations__in MBS‘E' Format.

EXPLORATION MEDICAL CAPABILITY

113 [+]
Standardize Organization of ot e an? ot bt
b Home
[ ]
-
Concept of Operation Purpose & Scope

| N N N N N N
«commentx» «comments «comments «comments «comment» «comment»

01 Purpose ' {02 Scope ’ 03 Change ‘ 04 Report |05 Applicable 06 Reference

| L}'-\uth(')rm,' Terminology | Documents ‘Documents

 Originally did not impose a standard
model report format

Mission Descriptions & Assumptions

|| N || N

) FOI IOW th e stru ctu re of a d oc u m e nt_ Syslen‘ll and Model Stakeholders Stakeholder Needs Medical System Goals Assumptions
. Environments
based Concept of Operations

|| N g\o %O

(Y C o m m o n a I ity betwee n p roj e cts a n d Environment V?Iues Instance Table Environment Values Reference Table Scenarios for Lunar Orbit IVA Scenarios for Lunar Orbit EVA
. . Scenarios
emulating the traditional document-
format facilitates stakeholders’ review §_E = — = — =

04: Conduct Psychological
01: Conduct Exercise 02: Treat Headache 03: Hold Family Conference Conference




Start Somethings Outside
of the Model

o R
C_ 05 Treat UTI: Phase I - Rover
&-E
i--[E] Navigation/Hyperlinks
Usage in Diagrams
i-[E] use Case Scenario Sketch
i [E] Extension Points
(- [E] Behaviors
i [2] Template Parameters
#1-[E] Inner Elements
Relations
Tags
Constraints
=] Traceability
i~ [E] Allocations
- Actors

ConOps content can have a
significant amount of text

Subject Matter Experts are not
trained MBSE practitioners

Starting content outside of the model
allows for early and frequent reviews
without extra training

Content added to model after reviews

Spedification of documentation and comments
Write documentation for the selected UseCase and create new comments.

[
| B Specification of UseCase 05 Treat UTI: Phase | - Rover

Documentation /Comments '

[VIHTML £, A% 14 (pt) v|BI USAE=E=E == &

During a multi-day mission in the pressurized rover, a crewmember
reports discomfort urinating. He increases water intake in an attempt
to treat his symptoms. A day passes and the crewmembers’ symptoms
worsen, indicating that hydration is not working. The

crewmember consults with the Crew Medical Officer (CMOQ) on the
rover. The CMO conducts a urine dipstick assay, which confirms his
suspicion of a urinary tract infection (UTI). He consults the

crewmember’s EHR, within the Pressurized Rover Medical System, to

' check for any medication allergies or possible medication

interactions. With the mission nearly complete, the CMO decides to
Delete

Comments

Add

Close Back Forwar Help

[«
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EXPLORATION MEDICAL CAPABILITY

Implementation of Patterns

Originally each SE team member drafted activity diagrams independently
Common functionality was implemented differently

Design patterns allowed for harmonization of the activity diagrams
— Scenario Activity Diagrams were easier to understand
— Team identified missing functionality of the system

Future projects will implement patterns before drafting activity diagrams

Example: Scheduling | \l

\\ _Event could be accepted by any system.
b .

acomments
Eniry could come fr

-
om Notify Scheduled Event -
Crew or from other system

- g
<Event Name> .’\-:?

‘ N Create Scheduled Event -
- <Ewvent Name>

Notify Scheduled Event -
<Event Name> 8



-

MC Difference: Adopt-Agile Approach- '

EXPLORATION MEDICAL CAPABILITY

« Waterfall Schedule Approach
— Used to track competing milestones and deliverable timelines across the SE team and non-SE
system stakeholders (e.g., clinicians and management)

— Integrated schedule lists tasks granularly and in a prescribed order

* Agile Development Approach
— Uses Sprints: fixed time period for performing a set of tasks

— Facilitates iterations with stakeholders to verify that the SE understanding of functionality meets
the stakeholders’ expectations

s (1Req Set)
Develop Non-Functional Requirements [
Review Non-Functional Reguirements

Incorporate Non-Functional Requirements into M

Non-Functional Req

Non-Functional Requirements Development Comg
Interface Requirements (1 Requirement Set)

e Requirements into Model
nts Development Complete
Functional Requirements (1 Requirement Set)  —
Develop Functional Requirements




MC Benefits: Adopt Agile Approach -

EXPLORATION MEDICAL CAPABILITY

« Synergistic with MBSE because
portions of model can be updated as
information becomes available

AJTEMIS PREPARES FOR MARS

- w7 # 4;
ot -—'y ——
» Artemis program information / v % i

Sustainable operations with Airlock arrives at Gateway;

1 t d Aﬁr? b Fllgslt Iunl?]r h reusable landing system and surface habitat and pressurized
Seriane pecrion Yirues enhanced lunar communications, i ; Enhanced habitation capabili
I n Co rp o ra e Gateway. External robotic rover delivered to expand exploration pability

nternational habitat delivered
to Gateway, in-situ resource
utiization (ISRU) demonstrations
on the surface and LTV to
expand exploration range Fission

° H u m a n F a cto rs F eed ba c k ;-Ei - pa -‘_;'. ;-" : = abi 'E % }: ,E’ ": J_.:.f ¢ __:."".-‘ iz:z.:e
incorporated < dreE ,

refueling, and viewing capabilities  range and crew size delivered to Gateway for Mars
[l

system added to Gateway on Gateway

S B ISRUPilot
Plant

Lunar Terrain Vehicle (LTV)

10
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EXPLORATION MEDICAL CAPABILITY

Benefits: Adopt Agi’le' Approach -

Short Duration Layout

i
_—

: Crew Health and P-. _imance System

: Environmental Monitoring System

L]

Environmental Monitoring System Content

'
’ Medical System Content

: Clinical Care : Acoustic Environment Monitoring

: Imaging : Intemal Atmosphere Monitoring

: muro-glAcceleration Environment Monitorin,
: Laboratory Management 9

: Pharmacy Management : Microbial Environment Monitoring

: Radiatiow. F nvironment Monitoring

: Wellness System : Toxicological E 1. vironment Monitoring

I yatem Content : Task Performance Sunport System

: Behavioral Health Management Task Performance Support System Content

: Nutrition Management : Crewlinterfaces

- Physiol : Task Management

| Health Mar

: Sleep Management : Training

: Maintenance System

Maintenance System Content

: Waste Management : Comm& Tracking | : Power : Propulsion :EVA
R
Waste Managment System
Requirements with Relationships || :C&DH || : Thermal | : Payload |© :GNC

: CrewDisp. & Controls

: Data System

Data System Content
: Advanced Analytics
: Data Source Interfaces
: Data Storage
: Data User Interfaces

: Descriptive Analytics

: Testbed & Research System

Testbed & Research System Content
: Research

: Testbed

: =xtravehicular Activity Support System

Extravehic. ‘ar Activity Support System Content
: Ev* CrewHealth Support

: EVA Pei armance Support

:ECLSS : 5tru. tures

i
Structures Requirements with
Relationships

} Standards ) i
Concepts of Operations Medical System Conditions
NASA STD 3001 Vol 1 Rev A
Level of Care IV Medical System ConOps (HRP 48012

Baseline)

NASA STD 3001 Vol 2Rev B Accepted Medical Condition List (AMCL) and

Development Process

Level of Care IV CHP ConOps (Mot available outside
NASA)

nterpretation for Levels of Care

Historical References

*%|evel of Care IV Habitat M edical System Scenarios F-Medical Conditions List

1SS Medical Operations Reguirements Doc REV E (Mot
available outside NASA)

1SS Medical Kit Project Requirement & Verification Doc
(PRVD) (Mot available outside NASA)

Medical System Functions Medical System Requirements Medical System Capabilities

Clinical Capability List

=M edical Systems Software Functions I edical System Requirement Tables by Reguirement

Level

&a/Crew Careaiver Functions apabilities to Conditions Matrices

| edical System Requirement Relationships
&u|Crewmember Function

M edical System Requirement Traces Relation Maps

&5lCrew Patient Functions

§|Medical System Functions to L 4 Requirements

Medical System Resources
Medical System Architecture and
Interfaces

Medical System Master Equipment
List

- Resource Picklist M aster

Example Medical System M aster Equipment List

edical System Resource to Medical Systern
Condition Matrices

& edical Systern Architecture and Interfaces

Il edical System Resource to Medical System
Capability Matrices
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EXPLORATION MEDICAL CAPABILITY

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

Information about the Medical System Foundation

B

@ = ® =
Mavigation Model Stakeholders  Contact Information Context. Process Glossary and Applicable
Support and Architecture and Model Version  and Project History Acronyms Documents

System Inputs

MAS5A Standards and

Mission

[

Reference
Documents

Medical System

Related Requirements Environment Context
I 1 Assumptions |
[
b0 '
[ (L
. d
Concept of Operations and | - =t
Functional Decomposition | = 1=
| Operations Decomposition
- — — [
Clinical Content =r---iE - - - iE !
Medical Clinical Medical I
Conditions Capabilities Resources |
— L __h
iy ——

Technical Requirements

Candidate Test
Objectives

Technical
Requirements
M

Yo mmm mmm mmm mmm mmm mmm mmm o mmm mmm mmm mmm mmm mm—
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EXPLORATION MEDICAL CAPABILITY

Prepare Medical Kit Scenario

Implementation of Sprints Y

J

Initial process included one planner board
for the project with each task including
checklist feature to document all steps to
complete task

Issues resolved:

* All the task steps generally couldn’t be
completed in a single sprint (e.g., reviews
by non-SE team stakeholders)

« Task cards did not provide sufficient

detail to track daily progress of the
project’s various teams

00 00:

13
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EXPLORATION MEDICAL CAPABILITY »

|
h 4

1. Define Preliminary
Model Structure

N arratives in MS

P. Write Scenario ]

T Word

h 4 T
= S ; I
System Architecture

v TTTTT
3. Identify Needs, A 4 :
G oals, & Assumptions 10. Review Scenano |
in MS Word Narrative :

I

[Rework
~ T Narrative]
[Narrative Complete]

\

» First step of ExMC Model S
Development is to Define Preliminary | (TReviow wi ]

Stakeholders 11. Copy Scenario
MOdeI Structure a '. " Narrative to Use Case
ework Daactiption
Required T
Y
B 12. Identify Common
. - h 4 : Tasks and Build
* Model Infrastructure was Established S Pattems _
|
T A 4 |
o 13. Refine Scenarios |
{ with Activity Diagram | |
I A 4 J |
= Y
I | 6. Review Parameters z = |
(e | | (MmN
[Paran!'neters ,} :
NeedRevision] : 15. Allocate Functions :
[Parameters Correct] to Structural Parts :
I

7. Identify Key
Functions

T
Y

[Scenario Refinement Complete]
Y

16. Decompose Function

8. Identify Scenarios } LTI

:
1
I
I
i
:
;
[
i
)
:
I
i
I
I
;
;
[
;
1
I
i
i
i
I

Environmental :

Parameters in MS Excel NS T T 1
]
1
1
1
1
1
1
1
1
1
1
1
;
i
;
1
i
i
I
I
]
I
I
;
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Standardize Model Layout

=
= ,y Relations

« All ExMC products adopt a similar B
model organization B

LTI

» Facilitates cross-project work and B
large teams B

FOOOO

 Benefit for both team members and E‘J
stakeholders - [0 99.2

e

- 2] Project Usages

15



Developing Medical System Foundations within ExMC is an ongoing journey

Lessons learned along the way will continue to guide our development process

Emphasis is on iterative reviews in order to have a useful product for our
stakeholders

Next steps are to update the Long Duration Lunar Orbit and Lunar Surface
Medical System Foundation to follow the latest version of NASA Standard 3001,
and make the foundation publicly available

16



Topics | Missions - Galleri'e_-s NASA TV | Follow NASA Down.lnads About | NASA Audiences

https:llwww.nasa.g Human Research Program
ov/hrp/elements/ex |

m c,p rOd u cts Exploration Medical Capability
Home ExMC Products

About ExMC

Research The Medical System Foundation for Level of Care I\V: Short Duration Lunar
Orbit Model

Products

Featured Stories and Wideas

What is the purpose of this system model?
Meet the Team i L .- : . - :
The Medical System Foundation for Level of Care |V, Short Duration Lunar Orbit is a set of information that consists of a Concept of Operations

{ConOps), an Accepted Medical Condition List, and a system model. The Exploration Medical Capabilities (EXMC) Element Systems
Engineering (SE) and clinical teams perform a functional decomposition of the ConOps content to derive requirements and identify example
resources that satisfy some of the reguirements. The system model captures the products of this process. This content can serve as a
foundation for future exploration NASA programs developing madical systems to modify to their specific Design Reference Mission (DRM).

Other Related Items
HRP Elements

) How do | view the system model?
Related Topics

At this time, we recommend using Internet Explorer 11 to view the model. Other browsers (g.g., Chrome, Firefox) can be used to view the model
and you need to follow these instructions first: hitps:/fdocs nomagic. com/plugins/serviet/mobile?contentid=3

6311 90F contentview/363 11903

All Topics A-Z

To access the system model click on the link below. Some content (e.q., tables) may take a few seconds to load because of the amount of
nformation being displayed.

Medical System Foundation for Level of Care I\ Short Duration Lunar Orbit

What was our process in generating the content in this system model?

Our SE team followed the SE and human systems integration approaches that are documented in the NA ystems Engineering Handbook
MNASA Systems Engineering Processes and Reqguirements and the Human Systems Integration Praciitione ide. We work directly with
Subject Matter Experis (SMEs), such as health care providers, io generate the content. All content was reviewed and approved by our ExMC
Control Board (CB).

The SE team has authored the following papers and presented the following presentations outlining our approach:
= Mindock, J., Reilly, J., Rubin, D_, Urbina, M., Hailey, M., Cerro, J_ A % Reyes, D. (2017). Systems Engineering for Space Exploration
Medical C =] SEACE -

viedical Capabilities. In AlA4 SFACE



Presenter Notes
Presentation Notes
With that said, I look forward to any questions you may have.  Thank you !
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