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What is the Crew Health and Performance System?

• The Exploration Crew Health and Performance System describes the principles, procedures and 
components required to work together to maintain the health and performance of the crew on an 
exploration class mission

• The central focus of the CHP system is the human (human as a system)
• The CHP System follows the crew through all mission phases (pre-flight, launch, landing and post-flight)
• The components of the CHP include diverse hardware (medical diagnostics, exercise, environmental 

monitors, etc.) and dependencies on other vehicle systems (Communications, data, ECLSS, electronic 
procedures, etc.)

• NASA-STD-3001 and the Design Reference Missions (DRMs) drive the capabilities of the CHP 
System

• NASA-STD-3001 is decomposed and tailored to a requirements document for each program based on the 
DRM’s

• Many of these requirements are vehicle design requirements such as anthropometric requirements, 
requirements for the force required to open an escape hatch or the need for a specific volume of water to 
be provided to maintain prevent dehydration, etc.

• Other requirements are for specific capabilities (hardware/software) or consumables (food, 
pharmaceuticals, etc.)

• All of these requirements/capabilities whether a part of an “all incompassing” core vehicle systems or part 
of an integrated solution (vehicle + external/GFE) must work together to support the human system and 
provide seemless health care



Exploration vs. LOE Missions from a Human Health & Performance 
Perspective

ISS Gateway Mars TransitBoots on the Moon

Today 2025 2036

Current State
• 6-12 month crew mission duration with strong consumables 

resupply
• Real Time Communications and data enable 

diagnosis/decision making centered at MCC
• Regular sample return to Earth allows detailed analysis if 

unknown problems/contaminants/symptoms emerge
• In the event of an emergency, crew to be stabilized and 

evacuated (1.5 – 36 hrs to terrestrial care)

Exploration Class Missions
• Approx. 1000 days with No Consumables Resupply
• No Real Time Communications or data.  Crew must be enabled to 

autonomously address emergencies or emerging events.
• Primary enabler for crew will be autonomous access to 

comprehensive data quickly to support decision making
• Limited mass, power, volume and data will require crew health 

systems to be integrated with the vehicle.  Need to develop in-
situ analytical tools.

• No Evacuation Capability, crew must have sufficient supplies to 
treat issues to recovery, rather than stabilize for return.

Increasing exposure to Hazards



The Need for Autonomy from the Human as a System Perspective
From 85+ to 4 people able to respond

MCC + MER
• 85 systems experts
• 660 years combined specific systems 

experience
• ~2 years to operator cert
• Additional years to specialist cert
• In-depth understanding of a single system
• Training builds academic engineering 

background
• Constantly using skills and studying flight 

rules

Astronauts
• 4 crew members
• 91 years combined relevant work experience
• 2 years ASCAN training
• ~ 2 years flight-assigned training
• *I&S, C&T, EPS, ETCS, ECLSS, ITCS, 

Emergency, MCS, OOM, Struc & Mech, Crew 
Systems, VV, Orb Mech, CMO, Med Ops, EVA, 
ROBO, Ops LAN, Photo/TV

• Time Gap between training and flight; 
degradation of knowledge may be significant

“4 people with 25 years experience each on 4 console positions cannot replace 10 
people with 10 years of experience on 10 consoles positions even though both 

groups have 100 years total experience.  It’s not just the experience, it’s the 
experience in unique console positions.”



The CHP System is an Evolution from ISS

• To overcome the increasing risks associated with exploration missions and enable crew 
health and performance, the CHP System must be fundamentally different from LOE 
systems and enable crew autonomy

• Having the right information, at the right time, at the right place and in the right format allows crew 
situational awareness and enables rapid decision making and effective interventions

• Support tools such as electronic crew procedures, just in time training and/or automated guidance will 
become more important than in LOE 

• Simplifying or automating functions such that critical crew time is not absorbed reconfiguring systems to get 
data, retrieve procedures or training material, reconfigure communications, will also be key to this effort.

• The CHP system will not be able to have every capability, so determining the right 
capabilities and information and focusing development effort on those elements will be 
key

• To achieve these goals, the needs of the Human (NASA-STD-3000 and CHP System) 
must be considered during the very early formulation efforts for surface habitats and Mars 
Transit Habitats/Vehicle.
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Example of Tailored CHP System
Gateway CHP System Overview (Rev A)
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Medical Risk DAG - Other Risk Interactions
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‘Environmental Risks’ Node
• Tox
• SANS
• DCS
• Hypoxia
• CO2
• Dust
• Sensorimotor
• Acoustics
• Electric Shock
• Dynamic Loads
• NIR

‘Other Risks’ Node
• Immune
• Micro
• Food-Nutrition
• VTE
• CV
• Renal Stone
• Urinary Retention
• Bone Fracture
• Sleep/Workload

Presenter Notes
Presentation Notes
When we expand this DAG to illustrate the Environmental Risk Node and the Other risk node, the interactions with other risks are clearly evident and so is the complex nature of each of the nodes.



Example—Environmental Health Monitoring
Air Trace Contaminant Monitoring
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• In-Flight Alerts
• Remote Control
• Local Control
• Connect to Vehicle Power and Data
• On-Orbit Performance Validation

Child Requirements
NASA-STD-3001 (6023)
Derived. Driven by dormancy risk. Supports pre-ingress
Derived. Allows flexibility
Derived. Precludes need for batteries and establishes data path to Ground
Derived. Reduces resupply needs 

NASA-STD-3001, Vol2, Rev B

Tie to HSR Risk--monitoring



Example—Environmental Health Monitoring
Coolants/Refrigerants Monitoring
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TBD: Dependent on cooling system design.  If no 
creditable leak path, no need for monitoring.

NASA-STD-3001, Vol2, Rev B



Example--Medical
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Parent: (Medical Kit):
• Lighted Imaging
• Ultrasound
• Wound Closure
• Nail Trephination
• Finger Injury Splinting
• Distal Extremity Injury Splinting
• Patient Restraint
• Medical Equipment Restraint
• Wound Care Consumables
• CO-oximetry
• CPAP Breathing Support
• Personal Hearing Protection
Children:
• Portable
• Connect to Vehicle Data

Requirements

Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
NASA-STD-3001 (7046)
NASA-STD-3001 (7046)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
Derived from NASA-STD-3001 for LoC III (7043)
NASA-STD-3001 (9057)

Derived. Drives flexibility
Derived. Establishes data path to Ground

NASA-STD-3001, Vol2, Rev B

NASA-STD-3001, Vol2, Rev B

NASA-STD-3001, Vol2, Rev B



Example--Countermeasures Subsystem
Exercise
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• Aerobic Capability
• Muscle Strength & Endurance
• Bone Mass Density
• Connect to Vehicle Power
• Connect to Vehicle Data
• System Deploy Time

Child Requirements
Derived from NASA-STD-3001 (7038)
Derived from NASA-STD-3001 (7038)
Derived from NASA-STD-3001 (7038)
Derived. Not expected to run off battery power
Derived. Establishes data path to Ground
Derived from NASA-STD-3001 (7040)

NASA-STD-3001, Vol2, Rev B

NASA-STD-3001, Vol2, Rev B



Example—Countermeasures Subsystem
Nutrition
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• Acceptability
• Microbial Levels
• Nutrients
• Quantity (IVA)
• Quantity (EVA)
• Maintaining Food Quality

Requirements
NASA-STD-3001 (7002)
NASA-STD-3001 (7007)
NASA-STD-3001 (7005, 7006)
NASA-STD-3001 (7003)
NASA-STD-3001 (7004)
NASA-STD-3001 (7001)

NASA-STD-3001, Vol2, Rev B NASA-STD-3001, Vol2, Rev B



Human System Risk 
Framework
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NASA Human Health Performance Directorate 
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Presenter Notes
Presentation Notes
Slide 1: Introduce myself and my background. My DeputyDan Buckland and I have been working together for a year and half and we make a good team and complement each other in training and experience. Everything that I am going to present today is the results of the awesome team of individuals listed here on this slide. However, without the support of Erin and Kim our Risk Integrators listed here, we would get far less accomplished
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Presenter Notes
Presentation Notes
I would like to start today’s conversation with an illustration of how our community has categorized the human hazards of spaceflight.  Sharmi Watkins graciously shared these charts with me and I want to thank her for that.   In the picture you can see five icons on the upper right depicted as sitting in low earth orbit.  An important point here is that the bulk of NASA’s human spaceflight experience is here.  

Yellow icon represents distance from earth.  The second one in black depicts gravitational pull or the altered gravity fields experienced in spaceflight.  The blue icon represents the hazards from the radiation fields in space The purple icon represents isolation and confinement and finally the green icon represents the exposure to a closed environment.

Given NASA’s experience in LEO, we have gotten pretty comfortable with the hazards of spaceflight and the associated mitigations in LEO.  However, when we return to the moon or travel to Mars the hazards will still be present, but will change a bit according to the destination and mission planning.  For the Artemis missions:

The distance from Earth is going to increase.  With that increase there will be some impacts in communication, ability to rapidly evacuate in a medical emergency
When thinking about gravitational adaptations there will be multiple now.  There is the travel to the moon that will be in microgravity but when landing on the surface the astronaut will experience 1/6 G.  On the return home the astronauts will experience microgravity once again before they transition back to the 1G environment on Earth
The Earth’s magnetic field provides protection from the radiation environment in space, however, when traveling in deep space this exposure will increase.  The Moon will provide some shielding from the deep space environment reducing the astronauts’ exposure.  
The isolation and confinement will be increased when we go from the relatively large vehicle that is ISS to a much smaller capsule or even Gateway.  
There will be multiple closed loop environments – Orion then Gateway, the lander and then the suits




THE

HUMAN

SYSTEM

RISKS

16

ISOLATION & 
CONFINEMENT

DISTANCE FROM EARTH

RADIATION

ALTERED GRAVITY CLOSED ENVIROMENT

Presenter Notes
Presentation Notes
In purple –  derived from the Isolation and confinement hazards there are two risks – one on a team level and the other for behavioral medical conditions

In yellow – derived from the Distance from earth hazard – there are four risks and they are based on an increased need for autonomy

In blue – derived from the Radiation hazard – there is one in mission risk due to the non-ionizing hazards like lasers and one risk of long-term health consequence of cancer due to the spaceflight radiation exposure

There are 10 more related to the altered gravity exposure and are in the center box in red.  These risk largely are the results of the physiological changes that occur in microgravity or partial gravity fields.  The crew egress risk is a compilation of the risks impacting the astronauts ability to egress a vehicle safety.  

There are 11 more that are related to the closed environment; Examples are exposure to toxic materials and celestial dust.  

What is not shown here is the concern for venous thromboembolism or blood clots which is a newly evolving risk

Bringing the total to 30



• The Human System Risk Board 

– Reviews all evidence for all human system risks and concerns on a regular basis with 
members from

• Medical Operations 

• Human Research Program (HRP)

• Epidemiologists/data science

• Flight Operations Directorate

• Safety and Engineering Directorates

HMTA Process to Assess Human System Risks

consequence scores for each risk on an HSRB scorecard
• Identifies risks needing further characterization or mitigation (e.g., identifies capability gaps)

• HSRB assesses Program agnostic risk postures based on Design Reference Mission Categories
• Likelihood and consequence scores are assessed for each of the 30 risks. 
• Feedback from Programs to HSRB for updating or establishing human systems risks

Presenter Notes
Presentation Notes
Read through this slide



Human System Risk Summary – Risks by Hazard 
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Presenter Notes
Presentation Notes
The goal of Human System Risk management is to articulate and track the Human System Risks to ensure that the knowledge gained through human spaceflight and advances in applicable terrestrial medicine and human performance are captured, documented, and applied in evolving human spaceflight programs to reduce the risks to crews

This slide shows the current risk scorecard for all of the human system risks.  The left-hand column list the risks grouped by the five hazards of spaceflight – Distance from Earth, Isolation and Confinement, Altered Gravity, Hostile Closed Environment, and radiation.  The next columns are the Design Reference Missions – Low Earth Orbit (short and long), Lunar Orbital (short and long), Lunar orbital + surface (short and long), and Mars (Preparatory and Planetary)

The board evaluates information provided by the individual risk SME to assess risk posture according to a framework that drives the green, yellow and red designations for both operations and LTH.  This slide depicts the driving posture.

There are 30 risks evaluated over 8 DRMs for both operations and LTH – I hope that you are starting to see the complex nature of human system risk management
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Presenter Notes
Presentation Notes
This graphic is discuss the lifecycle of our crew health and performance topics.

Walk through each step

You already know that the human system risks are derived from the 5 hazards of spaceflight and that the goal of our community is the mitigate those risks to enable safe and productive human spaceflight.  I’d also assert that this graphic shows us a series of possible targets for those mitigations – a sort of opportunity map.

Given the ambitious goals of the Artemis campaign, the character and magnitude of the hazards have shifted.  In planning for Mars we will have to shift the focus once again.  We must re-evaluate the human system risks in this new context and risk reduction is possible even in that early stage



Human System Risk Complexity

Exposure Sources
•Carbon dioxide
•Celestial dust
•Toxic
•Sunlight 
•Radiation

Work
•Sleep loss
•Circadian 
desynchronization
• Work overload

Preparedness
•Food and nutrition
•Inflight medical conditions
•Medication

Injury sources
•Dynamic loads
•EVA
•Electrical shock

Isolation
•Cognitive, behavioral, psychiatric 
disorders
•Cooperation, coordination, 
psychosocial adaptation

Altered body function 
•Immune response
•Hypobaric hypoxia
•Decompression
•Renal stone
•Bone fracture
•Host-microorganism interactions
•Urinary retention
•Orthostatic intolerance
•Cardiac rhythm
•Back pain

Reduced capacities 
•Hearing loss
•Intracranial hypertension/vision alteration
•Vestibular/sensorimotor alteration 
•Muscle mass, strength, endurance
•Aerobic capacity

Anomaly 
Response

Causal 
Diagnostics

Complex 
Procedure 
ExecutionRisk Assessment / 

Time to Criticality

Next 
Worst 
Outcome 
Analysis

Knowledge 
Integration

Contingency 
Planning

How Crew Is Impacted by Mission How Crew Is Impacting Mission
20

Presenter Notes
Presentation Notes
Up to this point we have talked about the risks as singular entities.  The ability to illustrate the complexity and the integrated of the human system risk is challenging. 

On the left there is how the crew is impacted by the mission (so the risk to health of the crew). Each of the arrows here is incorporated in one or more causal pathways for the 30 risks.  I’ll use Exposure Sources on the upper left as an example.  Each of the agents listed correspond to individual risks.  This view does not illustrate the integration between the risks.

and then on the right there is how the crew is impacting the mission (risk to the mission).  Read each one.

Clearly the complexity should be evident especially when you think about the integration between the risks 



Use of Directed Acyclic Graphs (DAG)

• Visual representation of causality in a network graph format
– Directed: single-headed arrows show direction of relationship
– Acyclic: no ‘cycles’ (feedback loops); relationship goes one 

way and there are no directed paths back to a node once we’ve 
left it 

General network representation DAG

Presenter Notes
Presentation Notes
Therefore the HSRB moved to the use of Directed Acyclic graphs to visualize the thinking around each risk.  


Visual representation of causality in a network graph format:  causal relationships are the basis for connection between nodes (contributing factors, countermeasures, other risks) based on SME’s current understanding. 
Directed: single-headed arrows show direction of relationship
Acyclic: no ‘cycles’ (feedback loops); relationship goes one way and there are no directed paths back to a node once we’ve left it 


We have also worked toward common terminology and understandings of the risks.  

Turns out this is one of the best tools for discussions amongst the wider community.  The visual depiction of the risk works very well in discussions with non-subject matter experts.  



Risk of Non-ionizing Radiation Exposure
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Mitigations

Presenter Notes
Presentation Notes
Injury due to exposure to non-ionizing radiation exposure, for example lasers and sunlight could be included as an injury in the medical risk.  However, this risk has mitigations specific to the vehicle design such as windows as well as EVA suit design and operations.  It is therefore tracked and managed on its own.  We can follow the causal pathway from radiation source to environmental injury (eye or skin injury).  We can see the mitigations circled in red - vehicle and suit design, eye protection and medical treatment capability.  If unmitigated this pathway then follows through crew capability, task performance, loss of mission objectives, to loss of mission.  Flight recertification and long term health conditions are also outcomes



What about a more complicated Risk?
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Total Medical Events

Presenter Notes
Presentation Notes
To get a sense of the complexity, we’ll walk through the Medical Risk over the next several slides.  There are three categories of medical events – environmental injury, traumatic injury, and medical illness.  Remember the eye/skin injury from the simple risk example is considered an environmental injury.  The nodes influencing the total medical events are shown as individual factors and medical illnesses.  These nodes are the ones describing the individual health status of an astronaut.  From the medical events there are multiple pathways in green to loss of mission objectives and then loss of mission, evacuation, loss of crew life allowing a visualization of the operational impacts.  Flight recertification and LTH conditions are also illustrated.  




Medical Risk DAG – Easier to view
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Collapsing for Clarity

Presenter Notes
Presentation Notes
By collapsing to total medical events, a simpler view is apparent.  Agency tools consider 100 medical conditions in modelling the risk.  



Medical Risk DAG - Other Risk Interactions
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‘Environmental Risks’ Node
• Tox
• SANS
• DCS
• Hypoxia
• CO2
• Dust
• Sensorimotor
• Acoustics
• Electric Shock
• Dynamic Loads
• NIR

‘Other Risks’ Node
• Immune
• Micro
• Food-Nutrition
• VTE
• CV
• Renal Stone
• Urinary Retention
• Bone Fracture
• Sleep/Workload

Presenter Notes
Presentation Notes
When we expand this DAG to illustrate the Environmental Risk Node and the Other risk node, the interactions with other risks are clearly evident and so is the complex nature of each of the nodes.



Risk Complexity
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How do we identify 
where to most 
effectively mitigate all of 
this risk?

What happens when we 
integrate this risk with 
other risks?

Advanced modelling 
techniques needed

Expanded evidence 
base

Presenter Notes
Presentation Notes
Read through the bullets here.  

It is our belief that the DAGs provide a framework for further exploration and improvements in the HSRB’s risk management process.  



• HRP relies on HSRB’s risk posture and evidence assessment as inputs to inform its research 
planning  and development of the following:

Human Research Program  as a Risk Stakeholder 

 Path to Risk Reduction

 Deliverables

 Solicitation 
topics

Presenter Notes
Presentation Notes
Slide 12:  As an HSRB risk stakeholder, HRP relies on HSRB’s risk posture and evidence assessment as inputs to inform its research planning  as well as in the development of its Path to risk reduction.  This evolves to a listing of deliverables to inform solicitation topics.  



• HSRB risk mitigation targets are used by other stakeholders in 
─ Informing Strategic Capability Leadership Team (SCLT) Roadmaps
─ Improving the elements of the astronaut occupational health program 
─ Integrating with the Flight Operations Directorate and Safety and Mission Assurance 

Directorate for risk discussions with Programs and the Human Exploration and Operations 
Directorate

• Human spaceflight programs consider HSRB risk posture recommendations in the 
development of their program requirements and design systems.

Other HSRB Risk Stakeholders 

Presenter Notes
Presentation Notes
Slide 13
HSRB risk mitigation targets are used by other stakeholders in ​
Improving the elements of the astronaut occupational health program ​
Integrating with the Flight Operations Directorate and Safety and Mission Assurance Directorate for risk discussions with Programs and the Human Exploration and Operations Directorate​
Human spaceflight programs consider HSRB risk posture recommendations in the development of their program requirements and design systems.
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20

~600

1 billion

Presenter Notes
Presentation Notes
I would like to end today’s presentation with a chart shamelessly stolen from my predecessor, Erik Antonsen.

The first module in the International Space Station was launched in 1998 and the first long term residents arrived in November 2000.   So if you are younger than 19 years old you have not lived in a world where we have not had someone living in space, but 20 years is still a relatively short period of time.  

Some other interesting numbers –  a little over 600 people have ever been in space.  Contrast that with the number 3000 – which is the low end of the number of participants that the FDA recommends for a phase 3 clinical trial to determine if a medication is effective.  In the two years of the pandemic, the numbers required for clinical trials have been regularly in the news

Or contrast that with 1 billion – which is the number of people who got on an airplane in 2016….in China alone.  

The subject numbers for spaceflight are really small leading to uncertainty in the evidence base that feeds the framework I have described.    





www.nasa.gov

Q&A?

Presenter Notes
Presentation Notes
Happy to take any questions



Contact us!

Mary Van Baalen, PhD
HHPD Risk Manager/HSRB Chair

mary.vanbaalen-1@nasa.gov

Dan Buckland, MD/PhD
HHPD Deputy Risk Manager

dan.buckland@nasa.gov

Erin Connell
CCP Integrator/HSRB Risk Integrator

erin.s.connell@nasa.gov

Kim Lowe
Standards Integrator/HSRB Risk Integrator

kimberly-michelle.p.lowe@nasa.gov

mailto:mary.vanbaalen-1@nasa.gov
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mailto:kimberly-michelle.p.lowe@nasa.gov
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BACK UP



Human System Risks
• Independent of specific spaceflight programs

– Focused around DRM categories, loosely defined by 
destination, operating environment, and expected duration  

• Risk contributors are hazards of the spaceflight 
environment 

– How do the inherent challenges of spaceflight impact the 
human?

• Often mitigated by refined characterization, 
countermeasure development, or updated 
standards 

– Do we understand the problem?
– Does an implementable solution exist?

• The Human System Risk Board evaluates risks 
across the breadth of expected future human 
spaceflight programs [ Mars = long pole]

Artemis Risks
• Tied to a specific Program or mission

– Focused on specific mission parameters, durations, vehicles, 
and vehicle systems available for a given mission

• Risk contributors are the technical limitations of 
the hardware, vehicle, or operations.  

– How are the mission parameters or vehicle design 
impacting the human?

• Often mitigated technically, while balancing 
safety, schedule, cost, and vehicle performance

– Is the solution implemented?

• The Human Health and Performance Control 
Board evaluates programmatic health and 
performance risks for established human 
spaceflight programs 

Differences between Human System and Artemis Risks



HSRB Risk Likelihood x Consequence Matrix
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Design Reference Missions

*Based on memo - HEO-DM-1002 HEO Systems Engineering and Integration (SE&I) Decision Memo on Mars Mission Duration Guidance for Human Risk Assessment and Research Planning 
Purposes
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