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NASA Human Research Roadmap

HUMAN RESEARCH ROADMAP DATA EXPLORATION

Human Research Roadmap

A Risk Reduction Strategy for Human Space Exploration
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Explore the Roadmap Search the Roadmap
HRP Architecture

https://humanresearchroadmap.nasa.gov/

Baseline;12/20/2007, Revision K;7/31/2019



Risks and Concerns

Risks and Concerns

Risk of Adverse Health Outcomes & Decrements in Performance due to Inflight Medical Conditions Medical
Risk of Renal Stone Formation Renal
Risk of Ineffective or Toxic Medications Due to Long Term Storage Stability
Risk of Adverse Health & Performance Effects of Celestial Dust Exposure Dust
Risk of Bone Fracture due to Spaceflight-induced Changes to Bone Fracture
Risk of Adverse Cognitive or Behavioral Conditions and Psychiatric Disorders BMed
Risk of Acute (In-flight) and Late Central Nervous System Effects from Radiation Exposure CNS

Risk of Performance and Behavioral Health Decrements Due to Inadequate Cooperation, Coordination, Communication, and Psychosocial

Adaptation within a Team ez
Risk of Performance Decrements and Adverse Health Outcomes Resulting from Sleep Loss, Circadian Desynchronization, and Work Sleep
Overload
Risk of an Incompatible Vehicle/Habitat Design Hab
Risk of Inadequate Design of Human and Automation/Robotic Integration HARI
Risk of Inadequate Human-Computer Interaction HCI
Risk of Inadequate Mission, Process and Task Design MPTASK
Risk of Performance Errors Due to Training Deficiencies Train
Risk of Injury from Dynamic Loads Occupant Protection
Risk of Inadequate Nutrition Nutrition
Risk Of Early Onset Osteoporosis Due To Spaceflight Osteo
Risk of Cardiac Rhythm Problems Arrhythmia
Risk of Injury and Compromised Performance Due to EVA Operations EVA
Risk of Decompression Sickness DCS
Risk of Adverse Health Event Due to Altered Immune Response Immune
Concern of Intervertebral Disc Damage upon and immediately after re-exposure to Gravity IVD
Concern of Clinically Relevant Unpredicted Effects of Medication PK/PD
Risk of Impaired Control of Spacecraft/Associated Systems and Decreased Mobility Due to Vestibular/Sensorimotor Alterations Associated .

. . Sensorimotor
with Spaceflight
Risk of Impaired Performance Due to Reduced Muscle Mass, Strength & Endurance Muscle
Risk of Reduced Physical Performance Capabilities Due to Reduced Aerobic Capacity Aerobic
Risk of Orthostatic Intolerance During Re-Exposure to Gravity Ol
Risk of Spaceflight Associated Neuro-ocular Syndrome (SANS) SANS
Risk of Adverse Health Effects Due to Host-Microorganism Interactions Microhost
Risk of Performance Decrement and Crew Illness Due to an Inadequate Food System Food
Risk of Reduced Crew Health and Performance Due to Hypobaric Hypoxia Hypobaric Hypoxia
Risk of Radiation Carcinogenesis Cancer
Risk of Cardiovascular Disease and Other Degenerative Tissue Effects From Radiation Exposure and Secondary Spaceflight Stressors Degen

Risk of Acute Radiation Syndromes Due to Solar Particle Events (SPEs) ARS



Risk of Radiation Carcinogenesis
(Cancer)

Risk Ratings and Dispositions per Design Reference Mission (DRM) Category

- Operations Long-Term Health
DRM Categories [';A 1sston
uration | | xc | Risk Disposition * | LxC | Risk Disposition *
6 months Accepted 3x2 ACCEP;{E?_:V“N”
Low Earth Orbit —
1 year Accepted 3x2 ACCEPE%?_:V'thm
Deep Space Sortie 1 month Accepted ACCEPEEE?_:V'thm
Lunar Visit/ . e
Habitation 1 year Accepted Requires Mitigation
Deep Space . e
Journey/Habitation 1 year Accepted £) G Requires Mitigation
Planetary 3 years Accepted £YCH Requires Mitigation

Note: LxC is the likelihood and consequence rating. This risk is mapped to the official
(consolidated) HSRB risk "Risk of Adverse Health Outcomes and Performance Decrements resulting
from Space Radiation Exposure (Acute, CNS, Degen, Cancer)". The HSRB evaluated the LxC and
risk dispositions of this sub-risk for each DRM as part of their review of the consolidated risk.



Risk of Muscle

Short Title: Muscle

Last Published: 07/31/19 10:05:29 AM (Central)

Element: Human Health Countermeasures (HHC)

Evidence: Report

Risk Master Logic Diagram: Diagram
Point of Contact: Andrea Hanson

Risk Ratings and Dispositions per Design Reference Mission (DRM) Category

icei Operations Long-Term Health
DRM Categories II;“ 1s1on
uration | | yc | Risk Disposition * | LxC| Risk Disposition *
6 months | 1x4 | Accepted/Optimize Accepted
Low Earth Orbit
1 year | 1x4 | Accepted/Optimize Accepted
Deep Space Sortie | 1 month | 1x4 | Accepted/Optimize Accepted
Lunar Visit/ -
Habitation 1 year | 1x4 | Accepted/Optimize Accepted
Deep Space -
Journey/Habitation 1 year | 1x4 | Accepted/Optimize Accepted
Planetary 3 years [ 3x3 | Requires Mitigation | 3x2 | Requires Mitigation

Note: LxC is the likelihood and consequence rating.



Risk of Team

Last Published: 07/31/19 10:05:29 AM (Central)
Element: Human Factors and Behavioral Performance (HFBP)

Short Title: Team

Evidence: Report

Risk Master Logic Diagram: Diagram

Point of Contact: Lauren Landon

Risk Ratings and Dispositions per Design Reference Mission (DRM) Category

eci Operations Long-Term Health
DRM Categories [;“ISS‘I(.JH
uration () yc Risk Disposition * LxC Risk Disposition *
6 months | 3x2 | Accepted with Monitoring Accepted
Low Earth Orbit
1 year | 3x2 | Accepted with Monitoring Accepted
Deep Space Sortie | 1 month | 3x2 | Accepted with Monitoring Accepted
Lunar Visit/ . N
Habitation 1 year | 3x2 | Accepted with Monitoring Accepted
Deep Space . e
Journey/Habitation 1 year |3x3 Requires Mitigation Accepted
Planetary 3 years Requires Mitigation 3x2 | Accepted with Monitoring

Note: LxC is the likelihood and consequence rating.




Human Research Program Architecture
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Moon or Mars

Moon Base Mars Mission

Photo by JAXA



Final Goal of Human Space Development

Photo; Wikipedia






Why Space Colony ?

For Going to
Deep Space

Back Up System
of the Earth




Biosphere 2 (USA, Arizona)

1991 - 1993

Photo by Johndedios,
https://commons.wikimedia.org/w/index.php?curid=16883643



Energy Source of Space Colony

Sun

S/

(XS Nuclear ©Space Colony

Death Star

Fusion By Star Ware
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Human Factors
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Space Colony

Photo; Wikipedia
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Protection against Radiation

] Artificial

Magnetic
Field
¢ — Artificial

\ s Human

\ Death Star

By ‘Star Wars’

pixta.jp - 24360611
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