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Introduction

* NASA’'s Human Research Program’s Exploration Medical Capabilities

(ExXMC) element is defining the medical system needs for exploration
class missions.

* Our approach is to:

e Establish collaborative tools to support Mission Statement

the model infrastructure, Define, develop, validate, and manage the
e Capture stakeholder needs, technical system design needed to implement

* Design of the model architecture and exploration medical capabilities for Mars and test
emerging technical content, the design in a progression of proving grounds.

* |Interact with owners of related models
to coordinate model expansion.




* The formalized application of modeling \ ¢ —
to support system requirements, 3
design, analysis, verification and %)\ Reauiroments () Valdaed (S
validation activities beginning in the

, . 8.
O') Q-
« Stakeholder

* Implementation

conceptual design phase and o et () Produc et
continuing throughout development -  itgraton

<> Design

and later life cycle phases.?

* Decision Analysis * Requirements Management * Technical Data Management

* Technical Planning * Risk Management * Interface Management
* Technical Assessment « Configuration Management
o N




Context and Approach

* Strive to have the team share a common mental
model of the stakeholder needs, approach, and
expected outcomes.

* Control, measure and report progress of technical
solution throughout the project lifecycle including
requirements, analysis, design, implementation,
verification and operations of the system.

* Abstraction that contains only the details needed to
address the intended use of the model. 4 ™

* Not an analytical model.

 Team attended training courses in use of the SysML
language, and a SysML Methodology Course
together with other modeling groups with which we
would integrate future work.




INnfrastructure

* Model infrastructure is an important
foundational element and forms the
underlying framework to implement MBSE.

* Infrastructure design will have long- term
consequences and impact the effectiveness
ShaabiEZe ks of the overall modelling effort.

* Systems Modeling Language (SysML) as the
modeling language to support this work.

* NASA-wide teamwork server in use, and
allows the geographically diverse and cross-
age(r;cly group to readily access the working
model.

* Roles and responsibilities of model team
members were established.

Management Process

Project Team and Support

Personnel



Modell
Contentl?

Modell
Outcomesl?

Contextl

Guide Model Development

[ Directionfl }‘{ Formulation}—

'{ Designp }

‘{ Test/Opsk }

AgencyBtrategy® |StakeholderfReqts? | SystemReqtsl Verification
Business@lank Mission@efinition® | Structure Executionl?
IndustryBtandardsl Behavioresignl

StakeholdersEl RequirementsdlEl | RequirementsliR Activitiesh
Constraintsi Uselasesl Structure,Behavior® Verificationfracel
Requirementsl FunctiondDE Parametricsl

Ensure@nodell Focusi@nodel®n? | Develop@nodel@oR | ApplyEnodel®ol
traces@ol purpose@vithinf levelDfletaill completeest,?
Stakeholder@Needs?] mission@ontext,® | requiredfortuild® | andZheniseL
andonstraints® | aboveRlesign@etaill refine@uring®psk

* Guidance on model development was
organized into 4 generic life cycle
development phases.

* Defining the Context and activities in each
phase of the project lifecycle, to clarify
the level of detail expected in the model,

* |dentifying the Model Content, to define
what elements of the modeling process
should be applied at that phase, and

* Listing the Model Outcomes, to develop a
form that can be interpreted by
stakeholders to demonstrate value (and
which may have to be transformed from
the model to ease communication).



Medical System Model Domain

* Representation of the Medical

System as an internal component of Fiight System
t h e C H PS : Crew Health and Performance System
. : Healthsan;i Wellness : Medical_System
* Communicates that the "’ Modica AN
crewmembers are important Mission Task - — |
. . . Performance Support Othgyr;:glsde
components within the Flight System
SySte m * : NaItEura.I and Induced %?&Zﬂg y N H((UE?H““%
nvironments ata System _
* Promote awareness and Protecton Sytom -
understanding of the impacts the
integrated human and technical Ground_System

portions of the system have on each
other.



Concept of Operations

In-Flight Medical System Scenarios

Planned

. Medical System Medical Trainin
Self-Care Directed Care ) Y ) &
Maintenance & Education
| | | |
I I | I I | I |
Semi- Semi- Semi- Semi-
Autonomous Autonomous Autonomous Autonomous
autonomous autonomous autonomaous autonomous
Exercise Family Dentaf Psychological No Scenario No Scenario No Scenario Cont’d Med.
Conference Exam Conference Provided * Provided * Provided * Education
Unplanned
. Medical System Medical Trainin
Self-Care Directed Care . 4 . 8 Emergent Care
Maintenance & Education
] | | | |
| I | I | I I I I I
Autonomous Semi- Autonomous Semi- Autonomous Semi- Autonomous Semi- Autonomous Semi-
autonomous autonomous autonomous autonomous autonomous
Headache No Scenario  Urinary Tract Dental Acute Rad. MNo Scenario Exercise HW Just in Time No Scenario Arm DCS 2 No Scenario
Provided * Infection Abscess Sickness Provided * Malfunction Training Provided injury Provided *

! system functionality is demonstrated in other scenarios

° Patient is the physician astronaut



Model Organization and Containment Tree

l::_]

* A common template for model =
organization ensures consistency
in development of model
products.

* When adopted across teams, this
organization makes navigation
through shared models easier.

* The Deep Space Transit model is [ pssen Task e formance Suppart Systen Aty ey
the highest level of modeling pStuctralModel
fidelity, shorter exploration
mission may use a subset of
these packages.
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Model Process

What@s@EheRBcenarioharrative?zl
WhatbtherBystemsrednvolved?

Howlrel ' HowRloes@he®ystembibehave?

systemp@l
requirementsp {

.
—4 { \1 { \}

systemp
Whatpartsh
does®hel
systembhave?[

interface@vith

J otherBystems?[

—

WhatHunctions@loes@heBystemBheed@o@rovide?E

* A modeling process was created for
consistency in product development
and work flow.

e The use case scenarios from the
ConOps were used as the starting
point.

* The modeling process shows this
activity as a looped and iterative
process, which allows for model
updates as needs are negotiated
and trades are made throughout
the project lifecycle.



Functional Decomposition

¥ Functions ] , , . , . , , , , , , .
''''''''''''''''''''''''''''''''''''''' Medical system functions |~~~

..............................................................................................................................................

«Functions eFunctions eFunctions aFunctions
Understand_crew health_status - |Support_crew_health_action_execution Inform_decisions_on_crew _health_actions | = |Acquire_crew _health sfatus |

...............................................................................................................................................

sFunctions sFunctions .
" |Understand_medical_system_status | 0 Acquire_medical_system_status ||
Ic:Functiunn """"""""""""""""""""""""""""""""""""""""""""""""""" c:F'unc:tiun::

Underztand vehicle_system status | j j j j j j j j j j j j j j  |Acquire_vehicle_system_status

* Thematic analysis? was used to identify what the functions were for the medical system.

* Phase 1 - Familiarization with the data * Phase 4 — Reviewing themes
* Phase 2 — Generating initial codes * Phase 5 — Defining and naming themes
* Phase 3 — Searching for themes * Phase 6 — Producing the report

2\. Braun, & V. Clark.. Using thematic analysis in psychology. Qualitative research in psychology, 3(2), 77-101. 2006.



System Architecture Model
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Next Steps and Applications

Model Expansion

Interface definitions.
Customized tools.

Model libraries.

Model profiles and stereotypes.
Style Guide.

Applications

What@wvelvant® Libraries@nform?l  Risk@nddayout?
implementation®  evaluations@f

optionsf optionst]
AMCLE
MONSTRE]
20
Plannedp MEDPRATE
Activities? MEDMELE
Habitatl

Medicall ToolR
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Repositoryl

Configuration®Data@Managementl
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togethert?
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Summary '

* Successful implementation of any
system or subsystem in a complex
project, such as a Mars transit
vehicle, requires thoughtful and
structured design from project
initiation through maturation and
implementation.

* The MBSE approach and team
methodology is key to ensuring
consistent workflow, practices, and
streamlined integration with vehicle
design.




