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Exploration Missions 
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New challenges:

• Limited to no resupply

• Delayed communication

• Limited to no evacuation

• Unknown effects on crew 
health and performance

• Limited flight resources 

• Increased crew autonomy

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

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


NASA-STD-3001 Levels of Care
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From “System Engineering at JPL” training course material, June 1991.

Human 
health & 

performance

What is Systems Engineering?



Bridging the Communication Chasm
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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 I 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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Subsystem 
requirements & 

architecture

Do we have the capabilities to meet 
the needs?

Do we need altered allocations?

System requirements 
& architecture

Stakeholder needs, 
goals NASA Standards

Program requirements 
& architecture

Characterize 
system

Analyze & trade

Design & 
Build

System functions & 
behaviors

Using Model-Based 
Systems Engineering:



What is MBSE?

Model Based Systems Engineering (MBSE)  IS Systems Engineering!
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Difference:
Moves from a bunch of 
separate text based 
documents to an 
integrated, visual method 
for showing information



How is the Model Used?

The Foundation(s)
– Define the needs of a medical system for a Level of Care
– A place for mission planners/engineers to start when 

defining the medical system for an exploration mission
– Examples

• Short Duration Lunar Orbit
• Long Duration Lunar Orbit and Lunar Surface

IMPACT
– Perform trade studies on candidate medical systems
– Helps comparing candidate medical systems by mass, 

volume, and power
– Model provides subset of content and relationships 

among
• Clinical Capabilities
• Clinical Conditions
• Clinical Resources
• Requirements
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How Do You Visually Represent a ConOps?
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How Do You Model Requirements?

Requirement Sources and Types
• NASA-STD-3001
• Historical (ISS) Documents
• Level 2, Level 3, Level 4, Level 5 

Requirements

Tracing
• Requirements to Parent Requirement
• Functions to Requirement
• Clinical Capabilities to Clinical Conditions
• Clinical Resources to Clinical Capabilities

Take away = There isn't one way
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What Requirement Information Is Modeled?
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Requirement id, text, rationale

Traces to specifications, 
requirement levels, clinical data



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:
• Identify the medical conditions 
• Map the treatment of conditions to the 

medical capabilities
• Identify 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
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DISCLAIMER: This is a representative example



How Do You Share To Modelers and Non-Modelers?
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HTML Report – Landing Page

• Custom Page
• Includes information to guide 

users
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HTML Report – System Page
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• Custom page in the model
• Links to information
• One page for each (sub)system



HTML Report – Presenting Requirements

• Custom diagrams
• Links to requirement tables
• Links to relationship maps

National Aeronautics and Space Administration 16



HTML Report – Medical Systems Relationship Maps
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Lessons Learned

• Sharing with non-modelers

• Who can do the work

• Supporting multiple schedule demands

• Model centric requires some training

• Expect to reorganize (refactor) the model

• Need good supporting processes

• Have an architecture that supports future uses

• Create and use a model management plan
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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
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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. 
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2020 NASA Systems Engineering Webinar Series

Date Title Presenter
June 8th How to Get Started Using MBSE: The Basics of What, 

How and Who
Trevor Grondin

July 20th Systems Engineering and Model Based Systems 
Engineering Stakeholder State of the Discipline

Jessica Knizhnik

August 17th An Innovative Jump Start for MBSE Tooling, NTL Results Samantha Infeld
October 14th MBSE to MIAMI to Implementation An Overview Jessica Knizhnik
October 26th Future Model-Based Systems Engineering Vision and 

Strategy Bridge
Karen Weiland

November 4th Using MBSE on a Working Project Kerry McGuire and Jeff Cohen
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Systems Engineering

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

1Rechtin, Systems Architecting of Organizations: Why Eagles Can’t Swim.
2Comments on systems engineering throughout the handbook’s Chapter 2.0 are extracted from the speech “System Engineering and the Two Cultures of Engineering” by 
Michael D. Griffin, previous NASA Administrator. 

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:
• a way of looking at the “big picture” when making technical decisions 
• a way 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, CO2, 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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