National Aeronautics and Space Administration

-

Using MBSE on a Working Project

Presenters:

Kerry McGuire, PhD
Jeff Cohen, PE




Exploration Missions

Exploring Space In Partnership - New challenges:
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The Human Research Program
(HRP) Exploration Medical
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https://www.nasa.gov/hrp
https://www.nasa.gov/hrp/elements/exmc
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What is Systems Engineering?
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Bridging the Communication Chasm

Questions engineers ask...

What do you need to bring?

How much mass/power/volume/data?

How will you use it? How often?

Who is going to use it?

How do you make a medical decision?

What medical events are you expecting?

What skills do you need for each medical event?
Are you sure you really need all that stuff?

What happens if | take things out of your
system?

Questions doctors ask...

 How do we do medicine in Exploration
Missions?

« What is likely to happen and how often?

« What resources do we need and why?

 How do we communicate to engineers?




Systems Engineering Approach to Get There
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What is MBSE?

Difference: = = :

Moves from a bunch of = == e
separate text based = = :
documents to an =) Ol il
integrated, visual method = | |

for showing information




How is the Model Used?

The Foundation(s) IMPACT
— Define the needs of a medical system for a Level of Care = — Perform trade studies on candidate medical systems
— A place for mission planners/engineers to start when — Helps comparing candidate medical systems by mass,
defining the medical system for an exploration mission volume, and power
— Examples — Model provides subset of content and relationships
» Short Duration Lunar Orbit among
* Long Duration Lunar Orbit and Lunar Surface + Clinical Capabilities

e Clinical Conditions
* Clinical Resources
* Requirements




How Do You Visually Represent a ConOps?
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Medical System interface.

e) Automatically report inventory status to the Ground Medical System.

f) Generate alerts for the Ground Medical System based upon inflight interactions with the
system.

g) Record and transmit medically oriented, attributable information to ground clinicians.

h) Retrieve reports in the Ground System that can be reviewed by the Gateway Habitat
Medical System,
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How Do You Model Requirement

Generic Table Level 3 Level of Care |V CHP Requirements List
CHP
Requirement

Requirement Sources and Types =

1 ‘ Name

Text

Rationale_ Req

« NASA-STD-3001 N P P
L] ]
» Historical (I Documents
2 Level3 L3-Hab-0054 [&] validate Multimedal Crew/System Interactions, Communication and Alarming

 Level 2, Level 3, Level 4, Level 5 !
Requirements ,

3 level3 13-Hab-0053 | [E] validate Maintenance and Repair Processes

Tracing

\EL3 04 Provide Pharmacy Management B —<— 8|S

 Requirements to Parent Requirement
. . = ib-MedSys-0002 Provide crew physical access to medical inventory & /\

* Functions to Requirement

« Clinical Capabilities to Clinical Conditions

« Clinical Resources to Clinical Capabilities ,

Take away = There isn't one way

The Habitat shall validate the integration of
spaceflight data with crew health and
performance systems for progressively
Earth-independent operations

The Habitat shall validate the efficiency and
effectiveness of multimodal crew/system
interactions, communication, and alerting

The Habitat shall validate the efficiency and
effectiveness of methods and processes for
flight crew to maintain and repair systems in
support of progressively Earth-independent
operations

Provide Clinical Care £ —== m

Provide Laboratory Management & —=

Provide Medical Imaging @ ——

8 Hab MS-Support crew performing tasks

Validate that usable human system and vehicle performance data and metrics colected from spacecraft
instruments, sensors, and other sources are integrated and deemed adequate for 1) on-board, in-mission
interpretation of relevant data by crews, 2) near-real-time and delayed interpretation by ground support,
and 3) post-fight analysis by research and occupational heath practitioners. This wil indude: vibration,
radiation (intra-vehicuiar and extra-vehicular), acceleration, thermal, acoustics, lighting, habttable volume,
cabin atmosphere, video and stil imagery, communication (video and data), habiabilty, human
performance, and operations data.

Valdate a prototype muttimodal communication/alerting system nfight. Select non-fight-critical alerts and
messages to convey with the multimodal system. Compare salence of the sgnaing method with tradtional
methods, collecting time to respond to signal, errors in response, and subjective comments. Use the
activity to test current designs and identfy needed capabilties/requirements for future
communication/alerting systems.

valdate the crew effectiveness of maintainabilty and reparabilty methods and processes. Deep space and
long duration missions wil necesstate a much greater level of system-wide maintainabiity and reparabity
due to the long periods of tme from launch to end of mission during which the vehicke and habitat systems
vl be operational. Crew wil need to have supples and skils to execute routine and critical repair and
maintenance issues. The effectiveness of such methods and skilsets need to be evaluated and proven on
the ground and on ISS before beng reled upon for long duration missons. These valdations need to
consider systems engineering, mission/process/task design, habitabiity concerns, usabilty, workioad,
training, and more.

Le

1 Crew Medical Care Management ® DeriveReqt
RD-5 2 IN-FLIGHT MEDICAL EVALUATIONS = FunctionRe
1-RevA-4 1 5 Level of Care Four ——— HistoricalT’

NASA STD,

Level of Medical Care
1 5 1 Medical Gapability
Crew Medical Care Management @
£ IN-FLIGHT BIOMEDICAL MONITORING AND DIAGNOSTICS

101 Crew Medical Care Management @
IN-FLIGHT BIOMEDICAL MONITORING AND DIAGNOSTICS

101 Crew Medical Care Management @
JORD MEDICAL INTERVENTION AND CARE
MEDICAL INTERVENTION AND CARE DURING ALL MISSION PHASES




What Requirement Information Is Modeled?

CHP
Requirem; 1d Name Text Rationale_ Req

Level . . .
The Habitat Medical System shall enable  |This requirement focuses on providing the crew physical access to inventory as a complement to accessing Re q u I re m e nt I d ) teXt’ rat I O n a I e

crewmembers physical access to medical  information through medical records. Physical access to inventory for the medical system is necessary to ensure that
L4-Hab-MedSys-0002 LH Provide crew physical access to medical jnventory inventory. medical inventory (supplies, equipment, and medications) is avalable at all imes when inventory is dispensed to
support clinical activities in the prevention, diagnosis and treatment of clinical conditions. Requirements for the habitat
need to ensure this physical access accommodation.

The Habitat Medical System shall enable Preparation of the habitat for medical purposes involves crew actions such as gathering consumables and equipment, Tra C e S to S e C i fi Ca ti O n S
L4-Hab-MedSys-0003 [ Prepare habitat for medical activities crewmembers to prepare the habitat for | creating appropriate volume for medical tasks, placing restraints, and creating a location that affords privacy and p )
medical activities. improved cleanliness. Both the medical system and the broader habitat must ensure these activities are
accommodated. M4 M .
The Habitat Medical System shall access  The Habitat Medical System needs to be able to access knowledge augmentation data for the performance of medical req U I re m e nt I eve I S, C I I n I Ca I d ata
knowledge augmentation data for the activities information to during medical activities. Knowledge-based technology can aid crew members in how to
L4-Hab-MedSys-0006 M Access knowledge augmentation performance of medical activities. perform medical procedures as wel as provide ciinical decision support. Knowldge augmentation data is data that was
not present in the medical system database of information at the start of the mission, but becomes added to the
system from the ground medical system.
The Habitat Medical System shall The Habitat Medical System will combine health data from the medical system (including the patient), the relevant
Le L4-Hab-MedSys-0007 B Synthesize health data synthesize health data. physical and environmental data from the vehicle, and the information and data from the ground medical system to

support the caregiver.
shall collect Collecting history of present ilness, verifying past medical history, and examination findings from caregiver and patient

The Habitat Medical System

L4-Hab-MedSys-0016 M Collect medical data throughout caregiver
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L —
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=rsonal Protection @

JE2Emesis containment 2

JEoEye - Laser®

JZ2Eye - Liquid=

»EdEye - Particulate 8

=2gEye - Sunlight®

»EBichazard Trash Bag

« = Emesis Bags

« E] Suction - Cannister/Containment bag
~E] Suction - Interface tubing

=] Suction - Yaunker

» E] Suctian Device

~ & Suction Device Power Supply
~ElTawels - clean

~ETrash Bag

» ] Eveglasses

» ] PPE - Eye Pratection - Laser protection

= EHEyeglasses

= EJPPE - Eye Pratection - gaggles for splash
» ] Eveglasses

~ ] PPE - Eye Pratection - goggles far FOD
= EHEyeglasses

= EJPPE - Eye Pratection - Sunlight pratection
« = Feminine Hygeine Products - pads

DISCLAIMER: This is a representative example

How Have You Involved and Designed to Users?

Goal is to capture and visualize the information
provided by subject matter experts (e.g.,
Clinicians) and other sources to meet the
needs of our users.

Clinicians:
 |dentify the medical conditions

* Map the treatment of conditions to the
medical capabilities

 ldentify medical resources needed by those
capabilities to treat the conditions

Systems Engineers:

* Import information into a model

 Show relation maps that visualize the traces
* Derive and trace requirements




How Do You Share

T Brmgr

Medical System
About this Diagram:

This diagram contains links to the Medical System content

The boxes in the top row have links to the criginating documents: Concepts of Operation, key standards, historical
references and the cal System Conditions. Second row boxes contain links 1o model elements derived from the
originating documents including system functions, requirements. and medical capabilities. Requirements are also derived
from Functions and Capabilities. The third row contains links fo artifacts derived from the second row model elements. the
medical system architecturs and Interfaces, the MEL, and the resource traces.

Concepts of Operations. Medical System Conditions

Historical References

T Menical Conditions |ist

= L E

[ FTWL{ Level f Care V Medcal System Foundaton |

Level of Care IV: Short-Duration Lunar Orbit Sample Medical Systems Relation Maps
Medical System Foundation ‘ " ‘

Sample WMedical System Relatonship Maps _'|
-

|5 M e e o et Secusremecs & Y snncanion Do
PRvD

Aboutthis HTML Report: Ve Sy o S P— s E— et e Medical System Capability <-> Medical System Condition
This HTML report contains visualizations and links

that pertain to a Medical System for a Level of LM scical Syaterns Sofwere Funciions [T %

Care IV: Short-Duration Lunar Orbit mission. The  Level of Care IV Habitat Crew Health and Perfommance System —— oks

general format and content stem from a Systems 2 = - . p

Engineering modeling tool which uses specific : Environmentl Monitoring Sy stem  Data system T UifluticeFomprEas SHINAC

language and format for consistent modeling 4 [ Crew Pater cunchen.

across systems. This link provides an overview of g  Content Environmental Monitoring System Content 08 hesirn Coniact o E s -
the Medical System Foundation model: About this
Model |

+Clinical Care

Urine -chemistry
This HTML report shows a subset of the entire imong ‘ ‘ ‘
model. It is meant to give the reader an idea of the Laboratory Management e —— :Data Storage
kind of information that the model can provide. For s r—— p, g Medical System Resources.
more information or more detail, please contact the: Medical System Architecture and Medical System Master
=P : Wellness System oncaagelEmironment Montorng g Lt

i ASearhsystem [ESacaecs Svstorn sntoctues onasnzoes LS AR SR St s
support system =

Rl s Medical System Resource <-> Meadical Systenl Capabillty
out this Diagram: Wellness System Content : Task Perform:

This diagram 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. The Medical System is
dark gray and the focus of the current model. It -

includes the full content. Light gray boxes [ ————. Ml

Testbed & Research System Content = Cmnan zweas

+Research

'] 7
+ Nutrition Management : Crewinterfaces — Dental explorarprobe

+ Extravehicular Activity Support System

i
represent systems for which the model has . Extravehicular Actvty Support System Content . i <
Medical System content to be implemented by the Rtenarce Systen B —— EDENTAL CROWN LOSS - Best (Diagnosis) ibuprofen - 400 mg
system. Click the System Content icon to see the - e i RO S S Horst L
Medical System content for each of the systems. T b E oRC 55 - Worst (Acute _Treatment)
F ; . ' = e
P T e e e e e e e o s s DENTAL CROWN LOSS - Worst (Diagnosis)
[ . .
st tosgment e ore | oo s oo | st securements A.',g DENTAL EXPOSED PULP - Best (Acute _Treatment) Medical System Resource <-> Medical System Conditions
glmw P ',E DENTAL EXPOSED PULP - Best (Diagnosis)
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Ao Ex If ACUTE SINUSITIS - Worst
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£ EJDENTAL EXPOSED PULP - Worst (Long_Term_Treatment) URINARY TRACT INFECTION - Best
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HTML Report — Landing Page

 Custom Page

* Includes information to guide

users

Cantent Magram HTUL| Leval of Cone W UeSical Syalem Saundation .J

About this HTML Report:

This HTML report contains visualizations and links
that pertain to a Medical System for a Level of Care
IW: Short-Duration Lunar Orbit mission. The general
format and content stem from a Systems
Engineering modeling tool which uses specific
language and format for consistent modeling
across systems. This link provides an overview of
the Medical System Foundation model: About this
Iadel

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

About this Diagram:

For detalled informatien on how 1o use this reporn,
start with the Guide for Using HTML Report. This
diagram on the right represents the system
architecture for the Habitat System and its
compaonent systems.

Each gray box shows one of the Habitat systems
and its constituent parts. The Medical System is
dark gray and the focus cf the current model. It
includes the full content. Light gray boxes represent
systems for which the model has Medical System
content to be implementad by the system. Click the
System Content icon to see the Medical System
centent for each of the systems

Glossary Acronyms.
A-D L-K

N ACTomyms
L-R 5-Z

Warsian 019

Level of Care IV: Short-Duration Lunar Orbit
Medical System Foundation
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i Desonpin e Analytics
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e | : Testbed & Research System
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=| Testbed & Research System Condent
: Behaviors Health Mansgement Task Performance Support System Content

: Research
: tCrewinterfaces
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: Task Manapement

s Physialogical Health Managemen
: Extravehicular Activity Suppart System

5 Slewy Managamant i Training

E Extravehicular Activity Suppart System Cantert
: Maintenance 5y stem
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HTML Report — System Page

Cantent Magram HTUL | 55| Vedical Syaten Coater |

Medical System
About this Diagram:

This diagram contains links to the Medical System contant.

The boxes in the top row have links to the originating documents: Concepts of Operation, key standards, historical
references and the Medical System Conditions. Second row boxes contain links to model elements derived from the
originating documents including system functions, requirements, and medical capabilities. Requirements are also derived

from Functions and Capabilities. The third row contains links to artifacts derived from the second row meodel elements: the
medical system architecture and interfaces, the MEL, and the resource traces,

Standards
Concepts of Operations

Level of Care | 1 i

Medical System Conditions

HASA ST 30001 Yol 1 Rew 4

B Condps (HREF 48012

Maga ST av B ficcepbed Medical Condions Lest (AMCL] Process
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t= Doc AEV E

|55 M ecical Kt Projact Reguramsnt & Venfication Doc
(CRED)

\ 4 I 4

Medical System Functions

Medical System Requirements Medical System Capabilities
b Medical Seslems Softeere Funchians im M il Sestem Requirement Tables by Regqurerer (Trichnical Cagahiite List
Lawel
o Crew Caragyer Fungions - Capablities o Condiions M atic

= Crugl jif shing

| Crewmerber Fungivn

im M =dical Syslem Reguirsment Tracss Relalion Maps
iy Cromey Pabent Funchons

slam Funghions to |4 Requisments

Medical System Resources

Medical System Architecture and

Medical System Master
Interfaces

Equipment List

= Resouice Picklis-Masler

| Exsrnple W scical Systern M asiar Squlpment List
{MEL}

I=Medcal Systam Besauncs b W edical Systen
Hi M edical Sestem Archilecture and bvlerfaces

Congtion Karices

=M ecical Systern Resource o Madicl
Capabify Wameas

« Custom page in the model
* Links to information

» One page for each (sub)system

National Aeronautics and Space Administration



HTML Report — Presenting Requirements

Conten Dingram HTUL | ) Yedical Sysien Resuirenen! Rewtionshies | |

MEDICAL SYSTEM RELATIONSHIP MAPS About this Diagram:

This diagram contains links to the Medical System
E| requirements and traces.

Sarmapie Medical Sratem Relationship Maps

Medical System Relationship Maps contains links that
trace sample Medical Systems Clinical conditions,
capabilities, and resources.
Level 2 and Level 3 Requirements with Traces contains
links to the Level 2 and Level 3 CHP requirements that
pertain to the Medical System
MEDICAL SYSTEM RELATIONSHIP TABLES Level 4 Medical System Requirements Tables and
Traces contain links to Level 4 Medical System
H LEVEL 2 AND LEVEL 3 REQUIREMENTS WITH TRACES Requiramaents, tha Performance Requiremeants, and the
°
C UStom d Iag ra ms tables that trace Medical System Functions and Clinical
. . Laval 2 Habitat flsauirsmenta Capabilities to Medical System Requirements.
° L| N ks to req uireme nt ta bles The Level 4 Medical System Requirements Levied on
other CHP Systems section contains links to tables with
Medical System requiremeants that must be implemented

® Li n kS tO re I ati ons h i p ma pS il ""“'E!'EE""""" T by the other CHP Systems

LEVEL 4 MEDICAL SYSTEM REQUIREMENTS TABLES AND TRACES LEVEL 4 MEDICAL SYSTEM REQUIREMENTS LEVIED ON OTHER SYSTEMS

Bl iy |
Modical Systom Functional Requirement with Bolatcnships
,j|||_, virsnmantsl Montoing nips
e ata 9y slam B
Madical Systam Hon-Fanclionsl Beguirements with Ralasanships g
T sk P an el Subpon Sy e Reoukernents sai Belgisn st
e th".l Manance S bt Hegur srmls with Resbonsbicd
Medcal System Funchans 1o Level 4 Beguiramaents
T esined & Research Reouinements wiih Reistionshios
s
Clinical Capabsiity 10 Level 4 Reguirements i st M anaament Sy stem Reauitements with Relalionshi
|Im IS FeQUIETMIE wilh K eltion Ships
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HTML Report — Medical Systems Relationship Maps

Sample Medical Systems Relation Maps
Medical System Capability <-> Medical System Condition

Ak
wa

i
GUGL - Decomprass Stomsch

15

Urine -chemistry

Medical System Resource <-> Medical System Capabllity

g

Dertsl saplarerirobe

iBupraten . 400 mg

Medical System Resource <-> Medical System Conditions

TG
e

(5]
ACUTE SIMUSATIS - Waors

i
&
URINARY TRACT INFECTION - Bast

About this Diagram.

This diagram contains links to
Relation Maps. Relation Maps show
the traces among model elements, In
this case, they show traces among
Medical Capabilities, Medical
Conditions, and Medical Resources

To read these maps, start on the left
side of the diagram. Find the Level 4
Medical System Regquirement. Follow
the arrows to sea the ralated modal
alements. The color of the arrow
Indicates the type of the ralation. See
the legend and the HTML Report
Gulde for guldance on the type of
relation

This View shows a subsat of the
entire model. The model contains the
complete set of Relation Maps. For
more information or more datail,
please contact the ExMC Elemeant
MBSE Lead

P Urine -chemasiry
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Lessons Learned

« Sharing with non-modelers

« Who can do the work '

« Supporting multiple schedule demands ~ P
* Model centric requires some training I
« Expect to reorganize (refactor) the model

-

 Need good supporting processes

« Have an architecture that supports future uses

* Create and use a model management plan




Applicable Documents

NPR 7123.1C — NASA Systems Engineering Handbook

 JPR 7210.3C - Program/Project Management and Systems Engineering

« SP 6105 rev2 — NASA Systems Engineering Handbook

 Expanded Guidance for NASA Systems Engineering — Volume 1 and 2

« SP-2015-3079 — HSI Practitioners Guide

* NASA-STD-3001, Volume 1 — NASA Spaceflight Human-Systems Standard Volume 1

« TM 2017-219290 — Interpretation of NASA-STD-3001 Levels of Care for Exploration Medical
System Development




ExMC System Engineering Publications

Concept of Operations
« HRP 48012 — Recommendation for a Medical System Concept of Operations for a Gateway Mission
« JSC 67070 - Medical System Concept of Operations for Mars Exploration Missions

Conference Papers

« Amador, J., et al. (2020). Enabling Space Exploration Medical System Development Using a Tool
Ecosystem. IEEE Aerospace Conference. Big Sky, MT.

* Mindock, J., et al. (2019). A Model-Based Systems Engineering Approach to Exploration Medical
System Development. IEEE Aerospace Conference. Big Sky, MT.

« Antonsen, E., et al. (2018). Prototype Development of a Tradespace Analysis Tool for Spaceflight
Medical Resources. Aerospace Medicine and Human Performance, 108-114.

« Mindock, J., et al. (2017). Systems Engineering for Space Exploration Medical Capabilities. Proceeding
of the AIAA Space and and Astronautics Forum and Exposition.

« Canga, M., et al. (2016). A Strategic Approach to Medical Care for Exploration Missions. International
Astronautical Congress. Guadalajara, Mexico.




2020 NASA Systems Engineering Webinar Series -

JJune 8th How to Get Started Using MBSE: The Basics of What, Trevor Grondin
How and Who
JJuIy 20t Systems Engineering and Model Based Systems Jessica Knizhnik
Engineering Stakeholder State of the Discipline
\/August 17t An Innovative Jump Start for MBSE Tooling, NTL Results Samantha Infeld
«/October 14t MBSE to MIAMI to Implementation An Overview Jessica Knizhnik
s/October 26t Future Model-Based Systems Engineering Vision and Karen Weiland
Strategy Bridge
November 4t Using MBSE on a Working Project Kerry McGuire and Jeff Cohen



National Aeronautics and Space Administration




Systems Engineering

From NASA Systems Engineering Handbook

What is Systems Engineering?
* A methodical, disciplined approach for the design, realization, technical management, operations, and retirement of a system

What is a “System”?

«  Collection of different elements producing results not obtainable by elements alone
— Elements = people, hardware, software, facilities ...

* Value created by relationship among parts - how they are interconnected

Systems Engineering IS:

« away of looking at the “big picture” when making technical decisions

« away of achieving functional, physical, and operational performance requirements
« the art and science of developing a system within opposed constraints

« a holistic, integrative discipline, wherein the contributions of e.g.,

— structural engineers, electrical engineers, mechanism designers, power engineers, human factors engineers, and many more
disciplines (medical!)

are evaluated and balanced... to produce a coherent whole that is not dominated by the perspective of a single discipline.




The System Must...

Protect from environmental hazards

— Radiation (SPE, GCR)

— Noise, vibration, CO,, etc.

— Microbiome of the built environment

Keep healthy crew well

— Exercise

— Other physiological countermeasures

— Food

— Behavioral health

Prevent, diagnose, treat, manage long-term health care
— Data system

— Medical devices

— Medical supplies

Support crew to accomplish mission tasks
— Procedures

— Training

— User interfaces
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