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To	enable	space	exploration	beyond	Low	Earth	Orbit	
by	reducing	the	risks	to	human	health	&	performance	
through	a	focused	program	of:

– Basic,	applied,	and	operational	research
leading	to	the	development	and	delivery	of:

– Human	health,	performance,	and	habitability	standards

– Countermeasures	and	other	risk	mitigation	solutions

– Advanced	habitability	and	medical	support	technologies

Human Research Program Mission



Ground-Based 
Laboratories 

and 
Spaceflight Analog 

Facilities

MSL RAD

~2035–20nn
Fine-tune mitigation approaches
• Exploration vehicles
• Planetary surfaces

~2021–2030
Validate mitigation approaches
• Orion
• Deep-space hab
• Lunar surface (?)

Inform exploration system designs

Now–2024 (+/-)
Develop/test mitigation approaches
• ISS
• Spaceflight analog facilities
• Ground-based laboratories

Inform deep-space hab designs

HRP Risk Mitigation Maturation Plan
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Human System Risk Board (HSRB)

HRP
Perform research to:

• understand and quantify risk

• develop countermeasures

• develop standards

• develop mitigation technologies 

HMTA* 
Implement strategies to:
• define acceptable risk
• control/monitor human risks
• validate standards & req’ts
• transition to medical practice

evidence 

approaches

H
S
R
B

research 

requirements

*NASA Health & Medical Technical Authority

Human	System	Risk	Board
- HMTA/Space	Medicine	(chair)
- HRP/Human	Research
- Environmental	Science
- Human	Factors	Engineering	
- Space	Flight	Operations	
- Crew	Office



Crew Stressors in Deep Space Missions
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Radiation

Altered	Gravity	Fields

Hostile	Closed	Environment

Isolation/Confinement

Distance	from	Earth



Exploration Health & Performance Risks

Altered	Gravity	Field
1. Spaceflight-Induced	Intracranial	Hypertension	/	

Vision	Alterations
2. Renal	Stone	Formation	
3. Impaired	Control	of	Spacecraft/Associated	

Systems	and	Decreased	Mobility	Due	to	
Vestibular/Sensorimotor	Alterations	Associated	
with	Space	Flight

4. Bone	Fracture	due	to	spaceflight	Induced	
changes	to	bone

5. Impaired	Performance	Due	to	Reduced	Muscle	
Mass,	Strength	&	Endurance

6. Reduced	Physical	Performance	Capabilities	Due	
to	Reduced	Aerobic	Capacity	

7. Adverse	Health	Effects	Due	to	Host-
Microorganism	Interactions

8. Urinary	Retention
9. Orthostatic	Intolerance	During	Re-Exposure	to	

Gravity
Concerns
1. Concern	of	Clinically	Relevant	Unpredicted	

Effects	of	Medication
2. Concern	of	Intervertebral	Disc	Damage	upon	and	

immediately	after	re-exposure	to	Gravity

Radiation
1. Risk	of	Space	Radiation	Exposure	on	

Human	Health

Isolation/Confinement
1. Adverse	Cognitive	or	Behavioral	

Conditions	&	Psychiatric	Disorders	
2. Performance	&	Behavioral	health	

Decrements	Due	to	Inadequate	
Cooperation,	Coordination,	
Communication,	&	Psychosocial	
Adaptation	within	a	Team

Hostile	Closed	Environment
1. Acute	and	Chronic	Carbon	Dioxide	Exposure
2. Performance	decrement	and	crew	illness	due	to	

inadequate	food	and	nutrition
3. Injury	from	Dynamic	Loads
4. Injury	and	Compromised	Performance	due	to	

EVA	Operations
5. Adverse	Health	&	Performance	Effects	of	

Celestial	Dust	Exposure
6. Adverse	Health	Event	Due	to	Altered	Immune	

Response
7. Reduced		Crew	Performance	Due	to	Hypobaric	

Hypoxia
8. Performance	Decrements	&	Adverse	Health	

Outcomes	Resulting	from	Sleep	Loss,	Circadian	
Desynchronization,	&	Work	Overload

9. Reduced	Crew	Performance	Due	to	Inadequate	
Human-System	Interaction	Design	

10. Decompression	Sickness
11. Toxic	Exposure
12. Hearing	Loss	Related	to	Spaceflight

Distance	from	Earth
1. Adverse	Health	Outcomes	&	

Decrements	in	Performance	due	to	
inflight	Medical	Conditions	

2. Ineffective	or	Toxic	Medications	
due	to	Long	Term	Storage

NASA Human Systems Risk Board: Risks Identified for all DRMs (Jan 2015) 
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Risks 

Space Radiation Exposure (Radiation) 

Cognitive or Behavioral Conditions (BMed) 

Medications Long Term Storage (Stability) 

Vision lmpairment/lntracranial Pressure (VIIP) 

Inadequate Food and Nutrition (Food) 

Team Performance Decrements (Team) 

lnflight Medical Conditions (Medical) 

Human-System Interaction Design (HSID) 

Bone Fracture (Fracture) 

Renal Stone Formation (Renal) 

Sensorimotor Alterations (SM) 3

Injury from Dynamic Loads (OP) 3

Altered Immune Response (Immune) 3

Host-Microorganism Interactions (Microhost) 3

Injury Due to EVA Operations (EVA) 3

Hypobarlc Hypoxia (ExAtm) 3

Sleep Loss (Sleep) 3

Reduced Muscle Mass, Strength (Muscle) 3

Reduced Aerobic Capacity (Aerobic) 3

Celestial Dust Exposure (Dust) T

Cardiac Rhythm Problems (Arrhythmia) T

Orthostatic Intolerance (01) 3

Decompression Sickness (DCS) 3

Concern of Effects of Medication (PK/PD) T

Concern of lntervertebral Disc Damage (IVD) TBD 
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.



FY16 Risk Mitigation R&D Investments
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HRP R&D Investment by Risk: FY16 Planned vs Actual (FY16 Oct–Sept. Obligations)

HSRB	Ops	
Rating

0 1 2 3 4 5 6 7 8 9

Space	Radiation	Exposure	(Radiation)

Cognitive	or	Behavioral	Conditions	(BMed)

Medications	Long	Term	Storage	(Stability)

Vision	Impairment/Intracranial	Pressure	(VIIP)

Inadequate	Food	and	Nutrition	(Food)

Team	Performance	Decrements	(Team)

Inflight	Medical	Conditions	(Medical)

Human-System	Interaction	Design	(HSID)

Bone	Fracture	(Fracture)

Renal	Stone	Formation	(Renal)

Sensorimotor	Alterations	(SM)

Injury	from	Dynamic	Loads	(OP)

Altered	Immune	Response	(Immune)

Host-Microorganism	Interactions	(Microhost)

Injury	Due	to	EVA	Operations	(EVA)

Hypobaric	Hypoxia	(ExAtm)

Sleep	Loss	(Sleep)

Reduced	Muscle	Mass,	Strength	(Muscle)

Reduced	Aerobic	Capacity	(Aerobic)

Celestial	Dust	Exposure	(Dust)

Decompression	Sickness	(DCS)

Orthostatic	Intolerance	(OI)

Cardiac	Rhythm	Problems	(Arrythmia)

Concern	of	Intervertebral	Disc	Damage	(IVD)

Concern	of	Effects	on	Medication	(PK/PD)

*	Cross-Cutting

$	in	M

NSBRI

ExMC

SHFH

HHC

SR

BHP

Actuals

26

Radiation	Exposure	on	Human	Health	total	$26M
Radiation	Exposure	Sept.	Obligations	$22.8M



Source: NASA Task Book (11/03/2016)

x/y = #Grants/#PIs
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FY16 HRP Research Grants
FY16: 307 Research Grants awarded to 225 PIs representing 118 Institutions in 32 states. 



FY16 Q4 Research Acquisition Status
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Awarded in Past

HERO Appendix Release	
Date Step-1	Received Step-2	Received Peer	Review	

Date
Selection	
Date

#	Proposals	
Awarded Notes

• NASA/NSBRI	

A	- C 7/31/2015 184 116 Feb-16 Apr-16 25 • 9	selected	HHC	
proposals	awarded	at	
risk

• Artificial	Gravity	(Cells	

D 7/31/2015 NA 15 Jan-16 Apr-16 3 and	Rodents)
• 2	joint	selections	with	
SB

2015
• Radiobiology	NRA
• Cancelled	due	to	

E Planned	for	
2/1/2016 NA NA NA NA NA budget	cuts

• Missed	2	OMB	
Milestones:	release,	
award	announce

F 9/14/15 13	NOIs 13 Apr-16 May-16 4	NASA	and	2	DLR • ILSRA	(HERA)

G 12/1/2015 28 25 May-16 Nov-16 4 • Artificial	Gravity	
(:envihab)

• Limited	to	Omnibus

2016
A 7/28/2016 65 TBD Feb-17 Apr-17 TBD • HFBP,	HHC,	and	SR	

opted	out	due	to	
budget	cuts

B 9/1/2016 60 TBD Feb-17 Apr-17 TBD Flagship
C 3/15/2017 Aug-17 Oct-17 TBD Flagship

2017
A
B

7/31/2017
7/31/2017

Feb-18
Feb-18

Apr-18
Apr-18

TBD
TBD

Flagship
Omnibus

Recently Released Solicitation — Acquisition in Progress

Planned Future Solicitation



Translational Research Institute (TRI)

Mission:  The mission of the TRI is to lead a national effort in translating cutting edge 
emerging terrestrial biomedical research and technology development into applied space flight 
human risk mitigation strategies for exploration missions.

Approach: Single Cooperative Agreement consolidating current NSBRI & USRA CA contents
v Open competition; any qualified domestic entity (or team) is eligible to compete

• 6-year base period with one 6-year non-competitive option – ending September 30, 2028

• Total value estimated at ~$246M (includes both base & one 6-year option funding)

v Competitively select by July 2016 with a start date of October 1, 2016
• The technical approaches of all proposals will go through Peer Review coordinated by NRESS

• CAPT takes input from peer review and evaluates additional factors (management, cost, previous experience, and key personnel)

Current Status:
v October 8, 2015: CAN Pre-proposal Conference held at JSC – 29 interested parties attended
v October 30, 2015: Final CAN Released
v November 13, 2015: NOIs received

v January 8, 2016: Proposals Received
v Proposals evaluated by NASA CAPT and NRESS External Peer Review Team
v Evaluations presented to HEOMD SSA (June 2016)
v July 20, 2016: Contract Award Announced: Baylor College of Medicine/MIT/Caltech
v September 1, 2016: Contract Phase-in began

v October 1, 2016: Contract StartedBrad S 11



FY16 Publication Metrics

Publications by Element 
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Top 10 High-Impact Factor Publications (JIF > 5)
Cabahug-Zuckerman, Pamela, Dorra Frikha-Benayed, Robert J. Majeska, Alyssa Tuthill, Shoshana 
Yakar, Stefan Judex, and Mitchell B. Schaffler. “Osteocyte Apoptosis Caused by Hindlimb Unloading Is 
Required to Trigger Osteocyte RANKL Production and Subsequent Resorption of Cortical and 
Trabecular Bone in Mice Femurs.” Journal of Bone and Mineral Research 31, no. 7 (July 2016): 
1356–65. 

Crucian, Brian, Smith Johnston, Satish Mehta, Raymond Stowe, Peter Uchakin, Heather Quiriarte, 
Duane Pierson, Mark L. Laudenslager, and Clarence Sams. “A Case of Persistent Skin Rash and 
Rhinitis with Immune System Dysregulation Onboard the International Space Station.” The Journal of 
Allergy and Clinical Immunology 4, no. 4 (August 2016): 759–62.e8.

Delp, Michael D., Jacqueline M. Charvat, Charles L. Limoli, Ruth K. Globus, and Payal Ghosh. “Apollo 
Lunar Astronauts Show Higher Cardiovascular Disease Mortality: Possible Deep Space Radiation 
Effects on the Vascular Endothelium.” Scientific Reports 6 (July 2016): 29901. 

El-Ashmawy, Mariam, Melissa Coquelin, Krishna Luitel, Kimberly Batten, and Jerry W. Shay. 
“Organotypic Culture in Three Dimensions Prevents Radiation-Induced Transformation in Human Lung 
Epithelial Cells.” Scientific Reports 6 (August 19, 2016). 

Feger, Bryan J., J. Will Thompson, Laura G. Dubois, Reddy P. Kommaddi, Matthew W. Foster, 
Rajashree Mishra, Sudha K. Shenoy, et al. “Microgravity Induces Proteomics Changes Involved in 
Endoplasmic Reticulum Stress and Mitochondrial Protection.” Scientific Reports 6 (September 27, 
2016): 34091. 

6. Larsen, Jill E., Vaishnavi Nathan, Jihan K. Osborne, Rebecca K. Farrow, Dhruba Deb, James P. 
Sullivan, Patrick D. Dospoy, et al. “ZEB1 Drives Epithelial-to-Mesenchymal Transition in Lung Cancer.” 
The Journal of Clinical Investigation 126, no. 9 (September 1, 2016): 3219–35. 

7. Li, Sheng, Francine E. Garrett-Bakelman, Stephen S. Chung, Mathijs A. Sanders, Todd Hricik, Franck 
Rapaport, et al. “Distinct Evolution and Dynamics of Epigenetic and Genetic Heterogeneity in Acute 
Myeloid Leukemia.” Nature Medicine 22, no. 7 (July 2016): 792–99. 

8. McConnell, Alicia M., Bindu Konda, David G. Kirsch, and Barry R. Stripp. “Distal Airway Epithelial 
Progenitor Cells Are Radiosensitive to High-LET Radiation.” Scientific Reports 6 (September 23, 
2016): 33455. 

9. Morris, Christelle, Nozomi Tomimatsu, Sandeep Burma, and Pierre Jalinot. “INT6/EIF3E Controls the 
RNF8-Dependent Ubiquitylation Pathway and Facilitates DNA Double-Strand Break Repair in Human 
Cells.” Cancer Research, September 30, 2016. 

10. Suman, Shubhankar, Santosh Kumar, Albert J. Fornace, and Kamal Datta. “Space Radiation Exposure 
Persistently Increased Leptin and IGF1 in Serum and Activated Leptin-IGF1 Signaling Axis in Mouse 
Intestine.” Scientific Reports 6 (August 25, 2016): 31853. 



13

ISS: Primary Space Platform for HRP Studies

ü altered gravity fields (+)

ü isolation/confinement (+/-)      
& altered light-dark cycles (+)

ü hostile/closed environment (+)

ü increased radiation (+/-)

ü distance from Earth (+/-)

HRP studies receive highest priority for NASA science payloads aboard ISS.
Each USOS crewmember participates in 10-15 separate HRP experiments. 



Circadian Regulation via Lighting
“Real Work Underway To Keep Mars Travelers Alive”
The clock is running on ISS testing for Mars missions
Oct 19, 2016 Frank Morring, Jr. | Aviation Week & Space Technology 

Astronaut Kate Rubins recently installed new lighting in the International Space Station (ISS) 
crew quarters that could help her successors in space survive a mission to Mars. Known as a 
solid-state lighting assembly (SSLA), the device emits light in wavelengths that can be tuned 
to help space travelers get a better night’s sleep. The SSLA is a simple example of 
the complex testing underway on the ISS as NASA and its international partners prepare for 
eventual human travel to Mars. 

Solid State Lighting Assembly (SSLA)
• Energy efficient, longer life span, no toxic mercury vapor. 
• Excellent, bright light for visual performance and color discrimination. 
• Suppresses melatonin to better manage circadian rhythms. 
• Provides spectral adjustments to aid sleep and circadian disruption.
- Blue shifts for the morning
- Red shifts for the evening

Delivery and Testing Aboard ISS
• 7/8/16: 1st 4 SSLAs launched on SpX-9
• 10/5/16: Kate Rubins installed 3 SSLAs in Crew Quarters 
• 11/15/16 Lighting Effects Flight Study begins on 49S
• 12/?/16: Next 11 SSLAs launch on HTV6

14

Brainard GC, et al. Solid-state Lighting for the International Space Station: Tests of Visual 
Performance and Melatonin Regulation. Acta Astronautica. 2012 November; 92(1): 21-28. 
DOI: 10.1016/j.actaastro.2012.04.019.

Michael Fincke holding a General Luminaire 
Assembly (GLA) in Node 2.

Flight unit Solid State Lighting Module (SSLM)
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VIIP Studies–Fluid Shifts Experiment

45

Flight ops

Challenge:	Russian	Segment	Ops
• Obtaining	Agency-level	Int’l	Agreements
• Coordinating	activities	across	NASA/Roscosmos	

– Hardware	certification	and	testing	activities
– Simulation	development	planning
– Real-time	crew	scheduling	of	US	and	Russian	crew

• Consenting	and	training	Russian	crewmembers	
for	NASA-sponsored	science	activities

• Procedure/Remote	Guidance	translation	
capability	an	unknown	commodity



U.S./Russian Field Test Studies

Photo Credit: NASA
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US/Russian Field Test Experiment
Operational Implications of Sensorimotor 

Dysfunction after G-transitions

• Postural and gait instability
• Visual performance changes
• Manual control disruptions
• Spatial disorientation
• Motion sickness

Pilot Field Test
Expeditions 34S – 40S (N=15)
Medical Tent or Kazakhstan Airport

1. Every returning crewmember exhibits 
vestibular/cerebellar sensorimotor symptoms.

2. Every crewmember experiences some reentry or 
landing motion sickness.

3. Considerable variance across crewmembers’ 
functional performance.

4. Multiple test sessions on R+0 appears to be 
beneficial in enhancing readaptation. 

13%

33%54%

Completed	no	
tasks

Completed	
some	tasks	
with	assistance

No subject was able to complete the full test
without assistance.



Omics/Personalized CMs–Twins Study

Twins Study (Scott and Mark Kelly)
• ISS Sample Collection Completed
• Post Flight Sample Collection Completed

Objective 
• Begin to examine next generation genomics solutions to mitigating 

crew health and performance risks: Personalized countermeasures 

Twins Study National Research Team Examined
• Genome, telomeres, epigenome
• Transcriptome and epitranscriptome
• Proteome, Metabolome, Microbiome
• Physiology and Cognition

Significant Privacy and Ethics Issues
NASA is developing new genomics policy (modeled after NIH policy) 
that addresses informed consent, data privacy approaches, and 
genetic counseling on consequences of discovery (individual, family)

Preliminary Results Expected at HRP IWS (January 2017)
18



Extrapolation Issue

19How confidently can we extrapolate our current 6-month experience to 30-month deep space missions?



.



Summary of Follow-On 1YM Plans
Operations Implementation Strategy 

v 5 follow-on 1YM: 2 crewmembers each (1 Russian, 1 USOS); N=10 
v 10 concurrent 6 month missions (6MM); 1-2 crewmwmbers; N=10-20
v 5 concurrent extended (30-45d) Soyuz taxi missions (6WM):  2 crewmembers each; N=10

Research Focus
v Medical events (validate incidence, standards, diagnostic & therapeutic tools)
v Physiological deconditioning (validate countermeasure efficacy)
v Behavior & Performance (validate standards, monitoring, countermeasures)

Research Implementation Strategy
v Three tier research plan

• Standard measures/occupational surveillance, on all crew: 6WM, 6MM, 1YM
• Expanded versions of 6MM studies in current portfolio
• Open (international) solicitation for focused studies

v Fully integrated joint Multi-lateral research program
• All MHRPE Partners have agreed in principle
• International subject (crew), hardware, and data sharing agreements in development
• International research solicitation to be developed

21



Exploration Spaceflight Analogs

22

ü altered gravity fields 

ü isolation/confinement 
& altered light-dark cycles

ü hostile/closed environment

ü increased radiation

ü distance from Earth
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NASA Space Radiation Lab (NSRL) DOE/BNL

ü altered gravity fields (n/a)

ü isolation/confinement (n/a)        
& altered light-dark cycles (n/a)

ü hostile/closed environment (n/a)

ü increased radiation (+)

ü distance from Earth (n/a)

• Simulates the space radiation 
environment- high energy ion 
beams  (H+, Fe, Si, C, O, Cl, Ti, 
etc.) individually or together.

Beam line, target area, dosimetry, 
biology labs, animal care, scientific,  
logistic and administrative support

3 experimental campaigns per year

Space Radiation Summer School

•

•
•

NSRL Beam Line
Images Courtesy of Brookhaven National Laboratory (BNL)
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External and Internal Fields
The	external	field	is	modified	as	it	passes	through	shielding	and	tissue
- Slowing	down	due	to	atomic	processes
- Attenuation	and	breakup	of	heavy	ions	due	to	nuclear	collisions
- Secondary	particle	production	(especially	neutrons)

Selected	particle	spectra	in	free	space	(left)	and	behind	5	g/cm2 of	aluminum	and	30	g/cm2 of	water	(right)	during	solar	minimum.



Radiation Cancer Risk Mitigation Status
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Population Comparison

NASA Standard

a

a

NASA Standard: 3% Risk of Exposure Induced Death (REID) at upper 95% Confidence Interval (CI) applied to individual over NASA career. 
[NASA Standard 3001: Space Flight Human-System Standard, Volume 1: Crew Health, rev. A]

Conservative REID estimate (35 yo female; solar min): median (  ) and 95% CI associated with single mission for dates shown.

a Based on projected improvements in terrestrial medical care, reductions in risk assessment model uncertainties, and development of radioprotectant countermeasures.



Altered Gravity Analogs

Head-Down-Tilt Bedrest

Parabolic Flight

ü altered gravity fields (+/-)

ü isolation/confinement (+/-)          
& altered light-dark cycles (+/-)

ü hostile/closed environment (+/-)

ü increased radiation (n/a)

ü distance from Earth (n/a)

Neutral
Buoyancy



Joint NASA/ESA AG-Bedrest Solicitation
Physiological	and	Behavioral	Responses	in	Humans	to	Intermittent	
Artificial	Gravity	during	Bed	Rest

Research	to	be	carried	out	during	two	60-day	bedrest	campaigns	at	
the	DLR’s	:enviHab	facility	in	Cologne,	Germany	(2017,	2018).	

• Coordinated	solicitations	

• Common	peer	review	(NRESS)

• Coordinated	selections	to	maximize	scientific	gain

• Shared	facility	costs		

• International	Investigator	Working	Group:	data	sharing	and	
coordinated	publications

6° HDT Bedrest

DLR :enviHab Facility

3 m radius Human Centrifuge

SM1 CV3 VIIP1 M23 Osteo4 AG	Gap	1 AG	Gap	3 AG	Gap	4

NASA	AGBR	0009	 X X X X X X

NASA	AGBR		0020 X X X X X

NASA	AGBR	0011 X X X X

NASA	AGBR	0013 X X X X

ESA	AGBR	0014 X X X X

ESA	AGBR	0031 X X X X

ESA	AGBR	0013 X X X X X

ESA	AGBR	0017 X X X

ESA	AGBR	0018 X X X X

ESA	AGBR	0018 X X X X

ESA	AGBR	0005 X X X

Standard	Measures X X X X X X X X
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Isolation and Confinement Analogs

ü altered gravity fields (n/a)

ü isolation/confinement (+)          
& altered light-dark cycles (+)

ü hostile/closed environment (+/-)

ü increased radiation (n/a)

ü distance from Earth (+/-)

HERA:
3-4 Missions/yr
4 Crew
14, 30, 45, 60 d

NSF:
Multiple Stations 

winter overs+

IMBP/NEK: 
4, 8, 12 month



Human Exploration Research Analog (HERA)
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NEK (RAS/IMBP, Moscow, Russia)

Cosmonauts V.V. Polyakov and S.K. Krikalev Cosmonaut S.N. Ryazanskiy



Antarctic Stations NSF+

NSF/ South Pole Station



FY16+ ISS & Analog Facilities Metrics

FY16

#	HRP	ISS	Ops	
Activities:	

Total /Console

Crew	
Training	
Sessions

#	Ongoing	
Studies

#	Studies	
Started	
this	FY	

#	Studies	
Completed	
this	FY

#	Studies	
Waiting	to	Begin

#	Studies	in	
Definition

#	NSRL		Beam	
Hours

HRP	ISS	
Operations 2,104/1,158* 113 14 1 5 4 7

HERA 4** 22 22 10

DLR:	envihab 5

IBMP:	NEK 1

NSF:	Antarctica 1 2

DOE:	NSRL 646 80 80

12

* The total number of in-flight activities includes ALL activities scheduled to support HRP science requirements (or use of HRP hardware).

** Each HERA Training Session lasts 2 weeks and includes all subject training on PI research investigations, HERA systems and operations, simulations, safety procedures, etc.

Highlights: 
• ISS: Completed One-Year Mission and Twins Study.

• HERA: Campaign 3 (four 30-day missions) completed 22 studies including 3 from DLR.

• :enviHab: 30-day head-down-tilt + increased CO2 planned for late CY17.

• NEK: 14-day shake-down study planned for late CY17.

• NSF:  Highest priority HRP study was accepted by NSF to be conducted during FY17 winter over at McMurdo and South Pole Stations.

• NSRL: Began testing GCR simulator during Fall 2016 run (still in progress).



HRP Advanced Exercise Concepts (AEC) Project

33

THE JOURNEY 
CONTINUES



Design/Capabilities
• Servo-motor controlled, single cable exercise system
• Provides resistive loads up to 400 lbf at velocities up to 2 m/s 
• Software-modifiable exercise loading profiles
- Inertial characteristics of free weights for resistive training
- Oar/boat loading dynamics for aerobic (rowing) training
- Custom profiles for eccentric overloading, weight racks, etc. 

• Capacitor bank allows unpowered operation in rowing mode

Status
• 10/18/16: SRR held at GRC
• 11/22/16 (NET): RID Review Board 

MPCV Exercise Device (ROCKY*) Status

*Resistive Overload Combined with Kinetic Yo-yo



Deep Space Exercise Device (ATLAS*) Status

Objectives: 
• Develop exercise CM hardware for exploration
• Base on effective ISS exercise CM hardware suite
• Minimize mass, power, volume and highly 

• Maximize reliability, versatility, and effectiveness 

Development Approach:
• Leverage the MPCV/ROCKY, MMED2, and SBIR efforts  
• Demonstrate/validate on ISS asap (NET 2019)
• TTO to augment/replace ARED after initial valid

Design Goal: ATLAS will exceed ARED 
capabilities at 1/10 of its mass and volume

Design Specification Goals:

note: HULK and/or NGRED to be made available for BAA habitat testing.

*Advanced Twin Lifting and Aerobic System

Accommodation (carrier) ISS

Up-mass (lbm) 200 lbm target

Stowed Volume (ft3) 3.0 ft3 target

Peak Power (W) 480 W target

Life Cycle Count 750,000 cycles  / year

Launch / Increment Year 2019

NGRED Prototype HULK Prototype

ATLAS Flight Concept 6
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Engagement	and	Communications	(HREC)

Train Like an Astronaut /Mission X
o Mission X 2016 (MX16) International Fitness Challenge

§ MX16 Walk To The Moon Challenge closed with 30 countries, four 
observing countries, and nearly 60K participants, Apr 28.

§ MX16 Team USA Closed with a virtual tour of JSC, May 13. 
§ MX16 Face-to-Face meeting in Vienna, Austria with the largest number 

(16 of 30) countries participating, Jun 1-3.

o Omics Exploring Space Through You Series
§ Conclusion video 8 of 8 in the series and story were 

posted in conjunction with Twins Day, Aug 5. 
http://www.nasa.gov/content/exploring-space-through-you-
omics

Analog Mission 
Webpage
Completed HRP/HEO 
Analog Missions webpage 
phase 1 and featured on 
the HRP website, Jul 7.
Phase 2 to be released 
Nov 2017. 
http://www.nasa.gov/analogs

Growth of 
participants each 
year in returning 
countries, MX12 –
MX16
q 2.5 x growth 

countries
q 14 x growth 

participants



HRPNational Aero:nau tics Reand Space Asdminiestratioan rch to Enable Space Exploration

Human travelers to Mars will experience unprecedented 

physiological, environmental, and psychosocial challenges that 

could lead to significant health & performance decrements in the 

absence of effective mitigation strategies.

Success of any human mission to Mars will hinge on the mission 

designers’ ability to develop and implement such strategies.

NASA’s Human Research Program is responsible for identifying 

those strategies.
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