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Space Flight Analogs
• Spaceflight analogs as used for human research:
• Create a situation that produces effects on the human
body similar to those experienced in spaceflight
• Physiological
• Behavioral/Cognitive
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• Purpose

:envihab, source DLR

• is to discuss the characteristics of
ground-based analogs used in
spaceflight research with a focus
on analogs used by NASA and their
international partners.
2

Why Use Ground-based Analogs for Human Spaceflight
Research?
• Not all experiments can be done in flight

• Limited life of the ISS (2024)
• Resources are limited (crew time, dollars)
• Take significantly longer to complete
studies (multiple flights needed to achieve
required sample size)
• ISS may not be the best platform for the
study

• Allows for selection of best candidate countermeasures before testing
them in flight
• Saves time and money as studies can be completed more quickly and less
expensively on the ground
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Access to Analogs
• Analogs can be owned/operated by space agencies
•
•
•
•

NASA HERA facility
DLR :envihab
IBMP NEK facility
JAXA Isolation Chamber
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• Space agencies can obtain access to analog
facilities to conduct studies during ongoing
missions or field work
• Haughton-Mars
• Antarctic Stations
• Aquarius (NEEMO missions)
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Access to Analogs
• NASA approaches analog selection in 2 ways through the NRA solicitation
process
• “Proposers should identify the characteristics that they require in a
spaceflight analog environment for their scientific objectives. However, it is
not necessary to propose a specific analog. NASA will work with the
investigators to secure an analog with the specified characteristics if funding
is awarded.”

• NASA will match research requirements to analog characteristics
• Once possible analogs are identified, access to those analogs is determined
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Access to Analogs
• NASA defines the analog platform for scientists to propose
against
• “The standard platform for these studies will consist of 30 days
of bed rest at six-degree head- down tilt. In addition, to
determine the effect of increased CO2 exposure on physiological
and psychological functions, subjects will have continuous
exposure to 0.5% CO2 during the bed rest phase of the studies.
Subjects will be ambulatory for two weeks prior to and after bed
rest.…….”

• All studies are proposed using the same analog platform
• All selected studies can use the same platform
• Integration of studies is more efficient
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Physiological Analogs
Bed Rest
Dry Immersion
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Physiological Analogs
• Definition
• Analog situation that causes physiological adaptations in the human body that are
similar to what occurs in spaceflight. The analog does not simulate a spaceflight
mission, rather it simulates the effects of the spaceflight environment on the human
body.

• Examples of Physiological Analogs
• Bed Rest
• Dry Immersion
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Head Down Tilt Bed Rest
• Widely accepted model for studying physiological changes that
occur during spaceflight under controlled conditions
• Physiological systems primarily
studied:
• Muscle Deconditioning confinement to bed
• Bone loss - long duration of
inactivity
• Fluid shifts - 6° head-down tilt
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International Standardization
• International Countermeasures Research
Working Group
• IAA Study Group 2.9
• Guidelines for Standardization of Bed Rest Studies
in the Spaceflight Context
• Published by the IAA
• https://www.nasa.gov/hrp/important_documents
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Guidelines for Standardization of Bed Rest Studies
• Standard Conditions
•
•
•
•
•
•
•
•
•

6° head-down tilt
60 days of bed rest
Subject selection
Study integration
Clinical support
Dietary standards
Biological samples
Study management
Data management

• Standard Measures
• Sensorimotor

• Posture & Treadmill locomotion

• Cardiovascular

• Tilt & Aerobic Capacity

• Exercise/Muscle

• Isokinetic testing & Vertical Jump

• Bone

• DXA & Biochemical Markers

•
•
•
•

Nutrition
Hematology
Immunology
Psychology

• Positive and Negative Affect Scale
• General Health Questionnaire
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Bed Rest Study Facilities
NASA Flight Analogs Research Unit
(Galveston, TX, USA)

PlanHab (Planica, Slovenia)

MEDES Space Clinic
(Toulouse, France)
:envihab (Cologne, Germany)
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MEDES Space Clinic (France)
• Toulouse Rangueil Hospital
• 1500 m2 research facility
• Up to 14 research subjects

• http://www.medes.fr/en/index.html
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PlanHab (Planica, Slovenia)
• Planica Hypoxic Facility
• Olympic Sports Center, Slovenia

• Hypoxic bed rest studies
• Control O2, CO2, Temperature and Humidity
https://cordis.europa.eu/result/rcn/177464_en.html

Basketball Court
2800 m

Laboratory
5400 m

10 double rooms
5400 m
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:envihab (Cologne, Germany)
• M1: Human Centrifuge
• M2: Physiology laboratory
• Air pressure
• Air composition

• M3: Bed rest module
• Air composition
• M4: Medical imaging
• PET, CT, MRI
• M5: Psychology laboratory
• Virtual reality
• M6: Medical Infrastructure
• M7: Office Space
• M8: Auditorium

• 3500 m2 research space
• Up to 12 research subjects
• http://www.dlr.de/envihab/en/
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Dry Immersion
• IBMP Dry Immersion (Moscow, Russia)
• MEDES Space Clinic (Toulouse, France)
• Rapidly produces effects of
weightlessness on multiple
physiological systems
• Musculoskeletal unloading
• Cardiovascular fluid
shifting
• Sensorimotor disturbances
IBMP: https://www.youtube.com/watch?v=M2p17_7Dwfg
MEDES: https://www.youtube.com/watch?v=4VZnOxamCjQ
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Isolation/Confinement Analogs
Isolated Confined & Extreme Environment
Isolated Confined & Controlled
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Considerations for Analog Selection
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Isolated Confined & Extreme Environment
• Definition
• Facilities located in remote locations with extreme environments. Travel to these
destinations can be difficult with little or no opportunity for emergency evacuation once
the crew arrive. The goal of these missions is typically field research such as geological,
environmental, or marine science. Human research is an adjunct to these missions; and
crew responses to isolation and stress are studied.

• Examples of Isolated Confined & Extreme Environment Analogs
• Arctic Stations
• Antarctic Stations
• Aquarius Undersea Habitat
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Arctic Stations
• Alert and Eureka Stations
• 1st & 2nd most northerly and permanently inhabited locations in
the world
• Weather stations, Climate and Environmental research
• Operated by Canadian gov’t and public entities
• Terrain useful for Mars hardware and operations testing
• Accommodate 50-60 visitors and staff
• 24 hour darkness from late October to February
• 24 hour sunlight from April to September

• http://www.rcaf-arc.forces.gc.ca/en/8wing/alert.page
• http://www.candac.ca/candac/index.php

Eureka Weather Station
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Arctic Stations
• Haughton-Mars Project
• Interdisciplinary field research project at the
site of the Haughton meteorite impact crater
• Rocky, polar desert setting provides insights
into the evolution of Mars
• Terrestrial analog for Mars and lunar studies
• Up to 30 scientists participate in each field
mission at the HMP Research Station
• http://www.marsonearth.org
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Antarctic Stations
• 64 stations operated by 20 countries
• United States Antarctic Program, NSF
Division of Polar Programs
• United States operates 3 year-round
research stations
• Palmer Station
• Amundsen-Scott South Pole Station
• McMurdo station

• Research areas:

• astronomy, geology, glaciology, marine
biology, oceanography, climate studies,
atmospheric sciences, environmental science
http://www.nsf.gov/geo/plr/sitemap.jsp
McMurdo Station
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Antarctic Stations
• Antarctic Search for Meteorites (ANSMET)
• NSF sponsored program that looks for
meteorites in the Transantarctic Mountains
• 4 - 10 explorers, typically meteorite scientists,
live for 5–7 weeks on the ice field

• http://caslabs.case.edu/ansmet/
ANSMET Camp Site
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Antarctic Stations
• Concordia
• French Polar Institute (IPEV)
• Italian Antarctic Programme (PNRA)
• 3200 m above sea level

•

Concordia

• http://www.esa.int/concordia

• Neumayer
• Alfred Wegener Institute (Germany)
• Costal station
• https://www.awi.de/en/expedition/stations/neumaye
r-station-iii.html

Neumayer Station

Concordia Station
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NASA Extreme Environment Missions Operations
(NEEMO)
• Facility Operations
• National Oceanic & Atmospheric
Administration (NOAA)
• Florida International University, Miami, FL

• Aquarius Habitat
• Located 3.5 miles off of Key Largo, FL
• Operating depth 47 feet
• 11 cubic meters living/lab space
http://www.nasa.gov/mission_pages/NEEMO/index.html
http://aquarius.fiu.edu
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Isolated Confined & Controlled Analogs
• Definition
• Facilities used for crew isolation in an effort to simulate a spaceflight
mission. Mission scenarios are created to provide meaningful work for
crew members. The purpose of these missions is to carry out
controlled research studies that typically examine effects of isolation
and mission stress on the crew.

• Examples of Isolated Confined & Controlled Analogs
• JAXA Isolation Chamber
• IBMP Ground-based Experimental Facility
• NASA Human Exploration Research Analog
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Isolated Confined & Controlled
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• JAXA Isolation Chamber
• Tsukuba Space Center, Japan
• 2 Modules
• Experiment Module
• Habitat Module

• Accommodates 8 crew members
for up to 6 months
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Isolated Confined & Controlled
• Ground Based Experimental Facility (NEK)
• Institute for Biomedical Problems (IBMP),
Moscow, Russia
• Long-term isolation studies
• Consists of 4 interconnected experimental
chambers
• Supports 3-10 crew members
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EU-250
•
•
•
•
•
•

Gym
Greenhouse
Storage for resources
Refrigerator
Thermal Chamber
Lavatory

EU-100
•
•
•
•

EU-50
•

Simulator of the
landing Martian ship

Habitable Compartment
Kitchen & Dining Room
Working places with medical
equipment
Lavatory

EU-150
•
•
•
•
•

6 individual
compartments
Community Room
Main Console
Kitchen
Lavatory
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NASA Human Exploration Research Analog
• The Human Exploration Research Analog (HERA) was acquired by HRP in 2013.
• It is a two-story, four-port habitat unit. It is cylindrical with a vertical axis, and
connects to a simulated airlock and hygiene module.
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Total space: 148.1 m
•
•
•
•

core (56.0 m3)
loft (69.9 m3)
airlock (8.6 m3)
hygiene module (14.1 m3)
Mission Stressors

HERA Mission Control

http://www.nasa.gov/analogs

•
•
•
•
•
•
•

High work load day
Task ambiguity
Time pressure
Negative interaction
Unexpected failures
Communication delay
Sleep deprivation
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HERA Interior (1st floor)
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HERA Interior (2nd floor & Loft)
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Thank you for your attention
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