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HRP Presentation to the NAS

• HRP Overview
• Lunar and Mars Gaps
• Research to Get to Mars
• Research to Do on Mars



To enable space exploration 
beyond low Earth orbit by 
reducing the risks to human 
health & performance

Human Research 
Program Mission



Space Operations Mission Directorate

HRP is an applied research program 
that focuses on reducing human 
health & performance risks for 
exploration missions.

As a continuous risk management 
program, it does not have a decadal 
survey.



HRP Elements Overview





Steps to Mars: Ground Analogs



Increment 69 Increment 70

Sep 2023 to April 2024

Steps to Mars: LEO Spaceflight Missions

Mar 2023 to Sep 2023 >1 year in space
Sep 2022 – Sep 2023

Frank Rubio



Axiom 2 Axiom 3

May 21 – May 31, 2023 Jan 18 – Feb 9, 2024

Steps to Mars: Commercial Space Missions

SpaceX
Inspiration4

September 16-18, 2021



Steps to Mars: Commercial LEO Destination Partners

SpaceX

ThinkOrbital

Vast

Axiom
Space

Sierra
Space

Voyager Space



Gateway

Spacesuits

Human 
Landing 
System

Steps to Mars: Artemis

Orion

Lunar Rover



Human Research Roadmap
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https://humanresearchroadmap.nasa.gov/



HRP’s Applied Research Program Architecture
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HRP’s Applied Research Program Architecture

Continuous Risk Management



HRP’s Applied Research Program Architecture
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HRP’s Applied Research Program Architecture

Continuous Risk Management



Evidence: Hazards and Risks of Human Spaceflight
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HRP Evidence Reports for Individual Risks (Examples)
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https://humanresearchroadmap.nasa.gov/Evidence/ 

https://humanresearchroadmap.nasa.gov/Evidence/


Institute of Medicine 
Review of HRP Evidence Reports in starting in 2008
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HRP’s Applied Research Program Architecture
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HRP’s Applied Research Program Architecture

Continuous Risk Management



Continuous Risk Management for the Human System
Human System Risk Board (HSRB)
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evidence 

approaches

research 

requirements

HSRB Risk Ratings
(HRP “requirements”)

High Priority Mitigation target

Medium Priority Mitigation target

Low Priority Mitigation target

Human System 
Risk Board

Health and Medical 
Technical Authority
• Operational Focus

• Risk owner
• Standards owner

Human Research Program
• Research Focus

• Risk Reduction
• Standards development







Mars Path to Risk Reduction
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Plan In Review

Plan In Review

High Priority
Medium Priority

Low Priority



HRP’s Applied Research Program Architecture
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HRP’s Applied Research Program Architecture

Continuous Risk Management



Decomposition of Human Health Risks into Research Gaps
Complete list of Gaps is in BACKUP
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Artemis Enabling = Lunar Gaps
Artemis Utilization = Mars Gaps



26

Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Mars Duration Effects on 
Human Physiology

Risk Mitigations for Vehicle 
Atmospheres

Exploration Exercise 
Countermeasures

Understanding Individual 
Variability in Spaceflight

Sensorimotor 
Countermeasures 



HRP’s Applied Research Program Architecture
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HRP’s Applied Research Program Architecture

Continuous Risk Management
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Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Mars Duration Effects on 
Human Physiology

Risk Mitigations for Vehicle 
Atmospheres

Exploration Exercise 
Countermeasures

Understanding Individual 
Variability in Spaceflight

Sensorimotor 
Countermeasures 



Risks Increases with Distance from Earth
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Tasks: Isolation, Confinement and Communications Delay Analogs

30

CHAPEA

HERA

• Isolated, confined & controlled
• 45-day missions
• Variable crew autonomy
• Standard MCC-crew interactions

CHAPEA

• Isolated & confined
• 378-day missions
• High crew autonomy
• Minimal MCC-crew
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Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Risk Mitigations for Vehicle 
Atmospheres

Exploration Exercise 
Countermeasures

Understanding Individual 
Variability in Spaceflight

Sensorimotor 
Countermeasures 

Mars Duration Effects on 
Human Physiology



Limited Extended-Duration Data Creates Large Unknowns
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Mars durations

?

LEO Conditions 
(ISS/MIR/Salyut)

<13 days ?

?
Deep Space/Lunar 

Conditions 
(Apollo)

Number of Missions by Length
Completed as of 9/27/23 (Expedition 69)



Time Course Spaceflight Changes Examples
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Appears to generally 
plateau by 6 months

Does not appear to plateau by 
6 months in some 
crewmembers

Unknown

Nutrition/Biochemistry Spaceflight Associated 
Neuro-ocular Syndrome (SANS)

Bone Quality



Taks: CIPHER Investigation on the ISS
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Complement of Integrated Protocols for Human Exploration Research

The CIPHER integrated protocol is composed of 14 multi-disciplinary, 
multi-national investigations that have been integrated into a single 
research complement that addresses over 20 Human System Spaceflight 
Risks. 
 

Mars-forward use of ISS to measure the time course of physiological and 
psychological adaptations to spaceflight to reduce crew health & 
performance risks during multi-year deep space exploration missions.  

Designed to be conducted on 30 crew members of varying mission 
durations, but categorized into three subject pools: 

• Short: 30 to 105 days 
• Standard: 106 to 239 days
• Extended: 240+ days
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Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Exploration Exercise 
Countermeasures

Understanding Individual 
Variability in Spaceflight

Sensorimotor 
Countermeasures 

Mars Duration Effects on 
Human Physiology

Risk Mitigations for Vehicle 
Atmospheres



Spacecraft Atmospheres
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Normoxic (Sea Level) Equivalent 
Alveolar Oxygen

1829 m (6000 ft.) Equivalent 
Alveolar Oxygen

Historical Designs

Zone of Hypoxia

Zone of Oxygen Toxicity

Shuttle / ISS (Earth Sea Level)

Shuttle- EVA Preparation

Skylab
Mercury/
Gemini/ 
Apollo

Zone of 
Unimpaired 
Performance

NASA/TP-2010-216134: Recommendations for Exploration Spacecraft Atmospheres - The Final report of the 
NASA Exploration Atmospheres Working Group. D. L. Henninger, Chair

Hypoxia Risk

Decompression 
Sickness Risk / 

Prebreathe 
Duration

Fire Risk

*For high-frequency EVA*

“Exploration 
Atmosphere” 

8.2 psi (56.5 kPa), 
34% O2, 66% N2



Rationale for Exploration Atmosphere
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• Multidisciplinary Working Group recommendation to adopt 8.2 psia / 34% O2 
as a capability for future missions involving high frequency EVA1

• Provided recommendations for Human research studies, materials 
flammability, life support, EVA systems

Saturation 
Atmosphere

Microgravity Prebreathe* 
(h:mm)

Estimated Planetary 
Prebreathe*

14.7 psi, 21% O2 4:00 6:30-7:00 2

10.2 psi, 26.5% O2 0:40 3:00-3:30 3

8.2 psi, 34% O2 0:00-0:15 0:20 4,5

5.0 psi, 100% O2 
(Apollo, Gemini) 0:00 0:00

1 NASA/TP-2010-216134/JSC 63309, Recommendations for Exploration Spacecraft Atmospheres - The Final report of the NASA Exploration Atmospheres Working Group
2 Abercromby et al.  “Suited Ground Vacuum Chamber Testing Decompression Sickness Tiger Team Report”, 2018 NASA Technical Report
3 Abercromby, et al. “Using the Shuttle Staged Prebreathe Atmosphere and Variable Pressure Spacesuits for Exploration Extravehicular Activity”, 2018 AsMA. 
4 Abercromby et al. “Modeling Oxygen Prebreathe Protocols for Exploration EVA Using Variable Pressure Suits”, 2017 AsMA.
5 Abercromby et al. “Modeling a 15-min extravehicular activity prebreathe protocol using NASA ׳s exploration atmosphere (56.5 kPa/34% O2)”, Acta Astronautica, 109 (2015), pp.76-87.

*Assume 6hr EVA @ 4.3 psia Validated via Ground Testing
Unvalidated (i.e., not yet 
available for flight use)



Tasks: Exploration Atmosphere Testing in JSC’s 20 ft Chamber
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Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Exploration Exercise 
Countermeasures

Sensorimotor 
Countermeasures 

Mars Duration Effects on 
Human Physiology

Understanding Individual 
Variability in Spaceflight

Risk Mitigations for Vehicle 
Atmospheres



Example of Individual Variability in Spaceflight Physiology:  Muscle
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Duration vs. Individual Variability:  Pre/Post Bone DXA measurements
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Tasks: Gathering and Making Datasets More Accessible for Analysis
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NASA Omics Data Archive - https://www.nasa.gov/mission/station/research-
explorer/investigation/?#id=8275 
ISS flight study

NASA’s Open Science Data Repository (OSDR) - https://osdr.nasa.gov/bio/ 
• Genelab
• Biospecimen Sharing Program (BSP)
• Ames Life Sciences Data Archive (ALSDA)
• (NASA) Biological Institutional Scientific Collection (NBISC)

NASA’s Life Science Portal (NLSP) - https://nlsp.nasa.gov/explore/lsdahome
• Life Science Data Archive
• Lifetime Surveillance of Astronaut Health 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8275
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8275
https://osdr.nasa.gov/bio/
https://nlsp.nasa.gov/explore/lsdahome
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Top Crew Health and Performance System 
Capability Gaps for Mars 

Mars Duration Food System

Computational Injury & 
Anthropometric Models

Earth-Independent Human 
Operations

Exploration Exercise 
Countermeasures

Mars Duration Effects on 
Human Physiology

Risk Mitigations for Vehicle 
Atmospheres

Sensorimotor 
Countermeasures 

Understanding Individual 
Variability in Spaceflight



State-of-the-Art Landings on Earth After Six Months in Low Earth Orbit
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Mars Landing
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Sensorimotor Capabilities Needed for Critical Activities

46

Crew EgressManual Control Early EVA



Sensorimotor Re-Entry Recovery
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• Symptom severity highly variable 
across crewmembers

• Head movement wrt gravity are 
more provocative

• Recovery to baseline performance 
varies by task



Mock-up Capsule Egress Results
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Postflight Recovery Curves for Sensorimotor Adaptation
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Field Test was performed in the medical 
tents or rally airports as soon as possible 
after landings.

Mars Landing



Example of a Mars Architecture Team timeline
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Mars Return
400 days

Mars Transit
300 days

Mars Surface
30 days

Mars Architecture Team (MAT) is protecting 3-7 days 
for Sensorimotor adaptation after landing on Mars 
for nominal EVAs

Depending on the Mars surface stay duration, that 
could represent a significant percentage of the 
planetary science timeline.

Adaptation Period

100 200 300 400 500 600 700DAYS

FIRST HUMAN 
MISSION TO MARS



Task: Sensorimotor Countermeasure Development and Testing
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Kraken is a state-of-the-art Navy motion simulator that 
can be utilized to mitigate emerging Lunar landing HLS 
risks and test sensorimotor countermeasures for landing, 
egress and early EVA’s.

KRAKEN Disorientation Device at NAMRU-D



What are we doing to protect crews from radiation?
ALARA – As Low as Reasonably Achievable (GCR and SPEs)
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NASA’s Space Radiation Laboratory (NSRL) provides the 
highest fidelity simulation of Galactic Cosmic Radiation 
(GCR) on Earth

Institutionalizing knowledge:  NASA-STD-3001 standards and recent updates 
1. Galactic Cosmic Ray (GCR) Shielding
2. Personal radiation exposure monitoring
3. Lifetime space radiation exposure limits (600mSv)
4. Design standards for Solar Particle Events (SPE) impacts and “storm 

shelters”
5. Real-Time Radiation Monitoring for Protection 

Continue mitigation strategies:  Space Radiation Research
1. Characterize space environment on biology with GCR simulator

• Dose Quality (Mixed Field GCR vs. Gamma)
• Dose Rate (Dose provided over weeks vs. single exposure)
• GCR Simulation in use since 2018 – first suite of studies starting to 

report results.
2. Leverages significant investment in terrestrial radiation research for 

prevention, detection, treatment and personalized assessments
3. Tools for informed consent for crews and agency decision makers
4. Improve SPE forecasting tools and technologies to minimize crew exposure 

levels 

Providing recommendations to Agency: Mission Architecture Planning
1. Fly during Solar Maximum
2. Fly shorter Missions



Research on Mars
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Artemis vs. Mars: 5 Hazards



HRP Mars Goal & Objectives
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1. Exploration Medical Operations
Validate Earth-independent crew health & performance systems and operations.

2. Integrated Human System Performance
Validate countermeasures and characterize impacts to overall crew health & performance.

3. Living Environment
Validate the interaction of exploration habitation systems, spaceflight hazards, and effects on crew health & 
performance.

4. Special Task-Related Issues
Validate operational implementation of critical tasks, protocols, procedures, and human factors for adequate 
crew health & performance.

5. Extended Mission Durations
Validate human system risk mitigation strategies in Mars-class duration missions and systems.

Enable crews to thrive during Mars missions, protect their long-term 
health, and enable human exploration beyond Mars.



HRP & Planetary Science Collaborations

WHY: 
NASA’s Science Mission Directorate (SMD) is planning science objectives and related crew 
tasks/activities for Artemis and Mars missions. HRP is planning research tasks to enable human 
health and performance on Artemis and Mars missions. Collaboration allows for 1) potentially 
improved SMD crew tasks and mission timelines, and 2) more refined/accurate HRP research tasks.

HOW:
1. SMD is presenting to HRP this spring to brief EVA planned activities and sampling strategy.
2. Deeper dive/targeted presentations by SMD to HRP’s Scientists every quarter.
3. HRP 2025 Investigator’s Workshop proposed plenary by SMD
4. Cross-participation or observation in each other’s analog missions (where applicable)

WHAT: 
1. HRP refined research tasks to enable SMD science on Artemis & Mars missions
2. Ground analogs collaboration ideas
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M2M strategy: HRP-Specific Objectives
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https://www.nasa.gov/sites/default/files/atoms/files/m2m_stra
tegy_and_objectives_development.pdf 

https://www.nasa.gov/sites/default/files/atoms/files/m2m_strategy_and_objectives_development.pdf
https://www.nasa.gov/sites/default/files/atoms/files/m2m_strategy_and_objectives_development.pdf


HRP M2M Iterative Strategy:
Enable and Utilize Artemis Missions as a Mars Testbed to Characterize and Mitigate Human System Risks

58

Decompose 
into RAPs

Inform 
Architecture

HRP Risk Approach Plans (RAPs) serve as both an ADD decomposition and an input

HRP Risk Approach Plans (RAPs) M2M Architecture Definition Document



Moon2Mars Architecture Objectives for 
Crew Health and Performance
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Recommended reading and additional resources
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• Moon2Mars Human Health white paper
— https://www.nasa.gov/wp-content/uploads/2024/01/human-health-and-performance.pdf

• NASA Office of the Chief Health and Medical Officer (OCHMO) Technical Briefs
— https://www.nasa.gov/ochmo/health-operations-and-oversight/hsa-standards/ochmo-technical-briefs/

• Human research roadmap websites (evidence, risks, gaps, risk approach plans)
— https://humanresearchroadmap.nasa.gov/

• HRP Evidence reports
— https://humanresearchroadmap.nasa.gov/Evidence/

• Annual Human Research Program Investigator Workshop
— https://www.nasa.gov/hrp-iws-2024/

• My email
— david.k.baumann@nasa.gov

https://www.nasa.gov/wp-content/uploads/2024/01/human-health-and-performance.pdf?emrc=ba0f7b
https://www.nasa.gov/ochmo/health-operations-and-oversight/hsa-standards/ochmo-technical-briefs/
https://humanresearchroadmap.nasa.gov/
https://humanresearchroadmap.nasa.gov/Evidence/
https://www.nasa.gov/hrp-iws-2024/
mailto:david.k.baumann@nasa.gov


2024 Human Research Program 
Investigators’ Workshop



Questions?
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BACKUP:
List of Lunar and Mars Research Gaps by Risk
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