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Why Do We Go To Space?Why Do We Go To Space?
Drivers For Space FlightsDrivers For Space Flights
ÿ Destiny: Space Exploration
ÿ Discovery

� Looking Outward: Space Sciences
� Looking Inward: Space Life Sciences

ÿ Profit: Commercial Space
ÿ Threat: Space Security

� From Beyond
� From Ourselves

ÿ Survival:
� Save the Earth: Earth/space Sustainability
� Save the Species: Space Settlements

ÿ Consciousness: Search for Life (and Extraterrestrial
Intelligence)
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HEDS Strategic PlanHEDS Strategic Plan

The Places We Could GoThe Places We Could Go
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The Earth’s
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Earth and
LEO



�ö�ú� � íøñóùú�üóîú��ö�ú� � íøñóùú�üóîú�

� 1996: Discovery of possible
microfossil in Mars meteorite
recovered in Antarctica energized
Mars exploration

� Now focused on search for
evidence of life (past and present)

� Variety of benefits from
comparative planetology
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• Gravity (m/s2 ):
• Press atm (mbar) :
• Atm. Gases:

• Temp (mean) (C):

• Solar day (hr.) :
• Year (days) :

9.81 3.73 (0.38ÿ)

1,000 6 (0.006ÿ)
N2 78% CO2 95%
O2 21% N2 3%
Ar <1% Ar 1.6%

14 -55
24 24:38 (1.026ÿ)
365.26 687 (1.88ÿ)

669.6 Mars days

Comparing Earth to MarsComparing Earth to Mars



Ad Mars per ISS!Ad Mars per ISS!

But first…But first…



To provide...
…a state-of-the-art research

facility on which to study
gravity’s effects
on physical, chemical, and
biological systems

…a commercial platform for
space research and
development

...a testbed for advanced
technology for human
space exploration

To provide...
…a state-of-the-art research

facility on which to study
gravity’s effects
on physical, chemical, and
biological systems

…a commercial platform for
space research and
development

...a testbed for advanced
technology for human
space exploration

ISS is an international cooperative research platform

Use space environment…
…to advance scientific knowledge
…to live, explore, and work productively in

space
…to use the attributes of space to improve

products and processes on Earth

Use space environment…
…to advance scientific knowledge
…to live, explore, and work productively in

space
…to use the attributes of space to improve

products and processes on Earth

How Will We Go Further Into Space?How Will We Go Further Into Space?

International Space StationInternational Space Station



Linking research communities in space and on Earth

Major Research Areas
• Biomedical Research and Countermeasures
• Advanced Human Support Technology
• Earth Observation
• Space Science
• Fundamental Biology
• Physical Science

- Materials Science
- Biotechnology
- Low Temperature Physics
- Fluid Physics
- Combustion

Major Research AreasMajor Research Areas
• Biomedical Research and Countermeasures
• Advanced Human Support Technology
• Earth Observation
• Space Science
• Fundamental Biology
• Physical Science

- Materials Science
- Biotechnology
- Low Temperature Physics
- Fluid Physics
- Combustion

What Are the ISS Research Areas?What Are the ISS Research Areas?



Biomedical Research andBiomedical Research and
Countermeasures ProgramCountermeasures Program

• http://spaceflight.nasa.gov/station/science/life/biomedi
cal.html

• BR&C Program Objectives
– Predictions of astronaut health and safety risks

– Diagnostics of health status
– Management of medical and behavioral problems

– Establishment of human physiologic norms for spaceflight
– Protection of the astronaut from the physical and physiologic

effects of space flight
– Rehabilitation of crewmembers after space flight

• The BR&C Program includes five research elements:
– Radiation Health
– Behavior and Performance
– Physiology

– Environmental Health
– Operational and Clinical Research



PhysiologyPhysiology

• http://spaceflight.nasa.gov/station/science/life/physio.
html

• Virtually every system in the body — from bones and
muscles to the immune system — is tied to and
affected by the force of gravity

• The unique value of orbital research in physiology
and biotechnology has led to a vigorous program of
cooperation between NASA and the National
Institutes of Health that includes 18 cooperative
agreements and a series of flight experiments.



BiotechnologyBiotechnology
• http://spaceflight.nasa.gov/station/science/life/cancer.

html

• 3-D tissue growth in the rotating bioreactor

• growth and study of cellular structures including
tissues and macromolecular crystals

• determine the structure of macromolecular crystals to
design bioactive molecules with the potential to treat
diseases such as AIDS, diabetes and cancer



Phantom Torso

Bonner Ball

Radiation ResearchRadiation Research

• Continuous monitoring of the radiation
environment with dedicated equipment

– The Phantom Torso (TORSO): monitors
radiation absorption at brain, heart,
stomach, thyroid, colon (2 month study)

– Dosimetric mapping (DOSMAP): document
nature and distribution of radiation inside ISS
and around crew-members’ bodies - German
investigator, periodic data download (4 month
study)

– Bonner Ball Neutron Detector
(BBND): monitors neutron radiation
that may affect blood-forming bone marrow

• NASDA provided hardware
• Increments 2 and 3 (ongoing 8 months)

• Medical research and care
– Data base of personal annual and lifetime

exposure limits for crew members with
regular medical examinations (ongoing)



*Elements of the Crew Health Care System may be used
in research activities as required and available

ISS Biology Research FacilitiesISS Biology Research Facilities
@ Assembly Complete@ Assembly Complete

• Human Research Facility (HRF) containing multiple
pieces of equipment to support medical monitoring
equipment* (2/01 and 2/02)

• Life sciences glove box (9/04)

• Biology habitats
– Cells (9/04 and 2/05)

– Insects (9/04)
– Rodents (rats, eventually mice - 10/05)
– Plants (07)

– Fish (fresh water and marine-07)
– Egg Incubator (07)

• Centrifuge for biology habitats (5/06)
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At this time, NASA does not have the authority toAt this time, NASA does not have the authority to
undertake a piloted Mars mission. No claim toundertake a piloted Mars mission. No claim to

the contrary can be inferred from thisthe contrary can be inferred from this
presentation.presentation.

This presentation is based upon the Mars Design ReferenceThis presentation is based upon the Mars Design Reference
Mission (NASA Special Publication 6107, July 1997)andMission (NASA Special Publication 6107, July 1997)and
summarizes the work of NASA scientists, engineers, andsummarizes the work of NASA scientists, engineers, and

planners who defined it. This work forms a basis for comparingplanners who defined it. This work forms a basis for comparing
different approaches and criteria involving new or improveddifferent approaches and criteria involving new or improved

technologies, in order to select from among them at thetechnologies, in order to select from among them at the
appropriate time.appropriate time.

� �îðøü�ýùó��îðøü�ýùó



Human Exploration of Mars: The Reference Mission of the NASA MarHuman Exploration of Mars: The Reference Mission of the NASA Mar ss
Exploration Study TeamExploration Study Team (Stephen J. Hoffman and David I. Kaplan, eds.)(Stephen J. Hoffman and David I. Kaplan, eds.)

NASA Special Publication 6107, July, 1997.NASA Special Publication 6107, July, 1997.

The author has augmented the information in the primary source wThe author has augmented the information in the primary source withith
insights from many formal briefings, informal conversations,insights from many formal briefings, informal conversations,

and personal musings, some of which are based on the following wand personal musings, some of which are based on the following works:orks:

Oberg, James E.Oberg, James E. Mission to Mars : Plans and Concepts for the FirstMission to Mars : Plans and Concepts for the First
Manned Landing.Manned Landing. Harrisburg, PA: Stackpole Books, 1982.Harrisburg, PA: Stackpole Books, 1982.

Collins, Michael.Collins, Michael. Mission to Mars: An Astronaut’s Vision of Our FutureMission to Mars: An Astronaut’s Vision of Our Future
in Space.in Space. New York: Grove Weidenfeld, 1990.New York: Grove Weidenfeld, 1990.

Zubrin, Robert.Zubrin, Robert. The Case for Mars: The Plan to Settle the Red PlanetThe Case for Mars: The Plan to Settle the Red Planet
and Why We Must.and Why We Must. New York: The Free Press, 1996.New York: The Free Press, 1996.
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Earth OrbitEarth Orbit
Mars OrbitMars Orbit
Piloted TrajectoriesPiloted Trajectories
Stay on Mars SurfaceStay on Mars Surface

�� ���� ��

�� ���� ��

�� ���� ��

�� ���� ��

��� �ú�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú��� �ú�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú
�ðùûüó�ñú�ðùûüó�ñú (typical)(typical)

Earth ArrivalEarth Arrival
June 26, 2016June 26, 2016

Mars ArrivalMars Arrival
June 30, 2014June 30, 2014

Mars DepartureMars Departure
Jan. 24, 2016Jan. 24, 2016

Earth DepartureEarth Departure
Jan. 20, 2014Jan. 20, 2014

Mars PerihelionMars Perihelion
January 22, 2013January 22, 2013

December 10, 2014December 10, 2014

� ø��ö÷úôóñò�øù
� óüûî�÷úñþ÷� ú� �� ú�ü�î

�üóîúîþóòüðùúî÷ü�� ú�� �ú�ü�î
�ù÷þóû� ú� �� ú�ü�î



EarthEarth --Mars Oppositions 2001Mars Oppositions 2001 --20292029

08/28/0308/28/03

10/13/2010/13/20

11/07/0511/07/0512/08/2212/08/22

12/28/0712/28/07

01/16/2501/16/25

01/29/1001/29/10

02/19/2702/19/27

03/03/1203/03/12

03/25/2903/25/29

04/08/1404/08/14

05/22/1605/22/16

06/13/0106/13/01

07/27/1807/27/18

Earth year ~ 365 Earth days

Mars year ~ 687 Earth days (1.88 years)



Crew SeatingCrew Seating
�� +g+gxx for aerobraking (seatbacks 23º forward of vertical)for aerobraking (seatbacks 23º forward of vertical)
�� +g+gzz for landing (seatbacks vertical)for landing (seatbacks vertical)

üó÷�ñó�úòóñýú� üóó�ú�ñüó÷�ñó�úòóñýú� üóó�ú�ñ
îúüû�úôüþøú�ùóð�ûî��îúüû�úôüþøú�ùóð�ûî��

8.6 m8.6 m

28 m28 m
maxmax

�ùö�ðøùú�ñûðùí÷î�ùö�ðøùú�ñûðùí÷î
�üîù�úñûú÷öùú� ó�ðñû�ðúïùóñîöùøø�üîù�úñûú÷öùú� ó�ðñû�ðúïùóñîöùøø

25°25°

10.9 m10.9 m

5.1 m5.1 m

7.6 m7.6 m

4°4°

Nose radius 1.71 mNose radius 1.71 m

8.6 m8.6 m

Pilot’s fieldPilot’s field
of viewof view

(conceptual)(conceptual)

ISRU: in situ resource utilization

Triconic AeroshellTriconic Aeroshell
�� sized to “Magnum” boostersized to “Magnum” booster
�� defines the size & shape of the Mars vehiclesdefines the size & shape of the Mars vehicles

�ùö�ðøùú�ñýíñûùû÷îú�ùö�ðøùú�ñýíñûùû÷îú
õú� þûð÷�ñûî�õú� þûð÷�ñûî�

Piloted transit habitat vehiclePiloted transit habitat vehicle
�� outbound transit habitatoutbound transit habitat
�� Mars crew landing vehicleMars crew landing vehicle
�� Mars surface habitatMars surface habitat

Cargo vehicleCargo vehicle
�� arrives at Mars before crewarrives at Mars before crew
�� delivers Mars ascent vehicledelivers Mars ascent vehicle

and ISRU plant to Marsand ISRU plant to Mars
surfacesurface

TransTrans --Earth vehicleEarth vehicle
�� Earth return vehicleEarth return vehicle
�� arrives at Mars before crewarrives at Mars before crew
�� waits in orbit around Mars towaits in orbit around Mars to

transport crew hometransport crew home



�üóîú��îî�ñûúõúôóñíþøî�ñûú�í÷�ñûî��üóîú��îî�ñûúõúôóñíþøî�ñûú�í÷�ñûî�
�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú� ���� ú� üó�üû÷î�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú� ���� ú� üó�üû÷î
• Round trip: ~30 mo.

– Outbound transit: 4-6 mo.
– At Mars (mostly on surface): 18 mo.
– Inbound transit: 4-6 mo.
– Ballistic trajectory

• crew depart from ~LEO:
propulsive

• Mars orbit insertion & landing:
propulsive and/or aerobrake

• Mars ascent, departure:
propulsive

• Earth entry, descent, landing:
propulsive and/or aerobrake

• Baseline: Nuclear Thermal Rocket (NTR)
– 235U, LH2

• Variant: Solar Electric Propulsion (SEP)
– Spiral out to highly eccentric Earth

orbit (HEO) (~9 mo.) uncrewed
– Crew inserted for chemical

propulsion departure
– Similar to NTR thereafter

Solar Electric
Propulsion

Bimodal Nuclear
Thermal Rocket



�üóîúñó��÷

� üó÷öúñó��÷
TEI stage &TEI stage &

Return HabitatReturn Habitat
Ascent stageAscent stage
ISRU PlantISRU Plant

Ascent stageAscent stage
ISRU PlantISRU Plant

TEI stage &TEI stage &
Return HabReturn Hab

Larry Kos
MSFC / PD32

7/10/97

�üóîú���� ú� î÷úøüþûðöúñííñó÷þû�÷���üóîú���� ú� î÷úøüþûðöúñííñó÷þû�÷��
íóùíóù�� �ùíøñ�ú�ûòóüî÷óþð÷þóù�ùíøñ�ú�ûòóüî÷óþð÷þóù

Four launches of 80 megaton launch vehiclesFour launches of 80 megaton launch vehicles

ISRU: in situ resource utilization
TEI: trans-Earth injection

�üóîú�þóòüðù

� üó÷öúîþóòüðù



Two launches of 80 megaton launch vehiclesTwo launches of 80 megaton launch vehicles
(Six launches including backup vehicles)(Six launches including backup vehicles)

Ascent stageAscent stage
ISRU PlantISRU Plant

Piloted Transit/Piloted Transit/
Surface HabSurface Hab

TEI stage &TEI stage &
Return HabReturn Hab

TEI stage &TEI stage &
Return HabReturn Hab

TEI stage &TEI stage &
Return HabReturn Hab

Larry Kos
MSFC / PD32

7/10/97

�üóîú���� ú�û�úøüþûðöúñííñó÷þû�÷�� ú�üóîú���� ú�û�úøüþûðöúñííñó÷þû�÷�� ú
óù�þû�üû÷ú�ûòóüî÷óþð÷þóùúíøþîúðóù�óù�þû�üû÷ú�ûòóüî÷óþð÷þóùúíøþîúðóù�

ISRU: in situ resource utilization
TEI: trans-Earth injection

� üó÷ö
îþóòüðù

� üó÷öúñó��÷

�üóîúñó��÷

�üóî
îþóòüðù

Ascent stageAscent stage
ISRU PlantISRU Plant

Ascent stageAscent stage
ISRU PlantISRU Plant

Piloted Transit/Piloted Transit/
Surface HabSurface Hab
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ï�ñó÷ú�ðùûüó�ñîúï�ñó÷ú�ðùûüó�ñîú
òñóú�ùî��ûú�ùòùóùûðùú��îî�ñûòñóú�ùî��ûú�ùòùóùûðùú��îî�ñû

� ï�ñó÷ú÷ñú� üó÷ö� úñí÷�ñûîúüóùú� ùó�úø�ý�÷ù�úï�ñó÷ú÷ñú� üó÷ö� úñí÷�ñûîúüóùú� ùó�úø�ý�÷ù�ú
�� TransTrans--Mars Injection (EarthMars Injection (Earth--departuredeparture

maneuver)maneuver)
–– Impulsive propulsion (nuclearImpulsive propulsion (nuclear--thermal, chemical)thermal, chemical)

may prohibit abort within hours or days of TMImay prohibit abort within hours or days of TMI
–– LowLow--thrust propulsion (solarthrust propulsion (solar--electric, plasma)electric, plasma) ifif

available after TMIavailable after TMI may permit abort, but onlymay permit abort, but only
with long return time lasting weeks or monthswith long return time lasting weeks or months

�� Missed Mars orbit insertion or direct entryMissed Mars orbit insertion or direct entry
–– Mars flyby may result in multiMars flyby may result in multi--year return to Earthyear return to Earth

that is similar in duration to nominal missionthat is similar in duration to nominal mission

� ï�ñó÷ú÷ñú�üóî� úñí÷�ñûî� ï�ñó÷ú÷ñú�üóî� úñí÷�ñûî
�� Life support and other resources alreadyLife support and other resources already

deployeddeployed
�� Mars environment provides the most safetyMars environment provides the most safety

after Earth (offers radiation shield and partialafter Earth (offers radiation shield and partial
gravity)gravity)



180 180

161

137

115

151

180 180

536 538
573

630
651

586
543 535

180 180

154

130

158

180 180 180

896 898 888 897 924 917 903 895

100

1000

2009 2011 2014 2016 2018 2020 2022 2024

Crew Launch Date

D
ay

s_ Earth to Mars

On Mars

Mars to Earth

Total Mission Duration

Durations of Transits and LayDurations of Transits and Lay--OversOvers
Across Synodic CycleAcross Synodic Cycle



M
ar

s
E

nt
ry

V
el

oc
ity

(k
m

/s
)

Transit Time (days)

Minimum entry
speed

Minimum TM Delta V

TM fixed on
1/19/14

11

10

9

8

7

6
140 160 180 200 220

Transit Time (days)

T
M

ID
el

ta
-V

(k
m

/s
)

Minimum entry speed

TM fixed on 1/19/14

Minimum TM Delta V

140 160 180 200 220

7

6

5

4

3

TMI ∆∆∆∆V vs. Transit Time Mars Entry Speed vs. Transit Time

Key Parameters Affecting Aeroassist (DRM V3.0)Key Parameters Affecting Aeroassist (DRM V3.0)
Earth-Mars 2014 Opportunity Crewed Launch

� Choice of launch date and trip time have significant impact on TMI ∆V and Ve at Mars
� Non-optimum TMI ∆V trajectories can reduce Mars entry velocity 0.7-1.2 km/s with 2-6%

increase in TMI ∆V

POC: E. Lyne (U-Tenn), M. Munk (JSC) Data from Jim Arnold, Dec. 16, 1997

�û÷ùóíøüûù÷üó�ú� óü� ùð÷ñó�ú� óü�ùî�û÷ùóíøüûù÷üó�ú� óü� ùð÷ñó�ú� óü�ùî



� Choice of launch date and trip time have significant impact on TEI ∆V and Ve @ Mars
� Increasing trip time reduces both TEI ∆V and Earth entry velocity
� DRM conditions -> 13.0 - 13.5 Km/s entry velocity
� Further analysis needed to look at synodic period effects on Earth entry velocity

POC: E. Lyne (U-Tenn), M. Munk (JSC) Data from Jim Arnold, Dec. 16, 1997

Key Parameters Affecting Aeroassist (DRM V3.0)Key Parameters Affecting Aeroassist (DRM V3.0)
�û÷ùóíøüûù÷üó�ú� óü� ùð÷ñó�ú� óü�ùî�û÷ùóíøüûù÷üó�ú� óü� ùð÷ñó�ú� óü�ùî
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Mars-Earth 2016 Opportunity, minimum trans-Earth injection conditions
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• Plasma rocket: variable specific impulse
magnetoplasma rocket, VASIMIR

• Continuous acceleration ~0.01 g
– Not biologically protective g-level

– Benefit: short trip time, reduced exposure to
weightlessness, radiation, other risks

• Round-trip: ~8 month
– 1 month spiral out to HEO
– 3 month outbound

– 1 month at Mars

– 3 month Return

• Supercritical H2 propellant also serves as
radiation shield
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Note: van Allen
belts < 6 Re
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ÿþýüûú�íüðùú� ø��ö÷ú� � íùó�ùûðùÿþýüûú�íüðùú� ø��ö÷ú� � íùó�ùûðù
(Includes flights longer than 30 days as of January 1998)(Includes flights longer than 30 days as of January 1998)

0 6 12 18 24 30
� ø��ö÷ú�þóü÷�ñûú� ýñû÷öî�

�þ��
ùð
÷ú�ñ
þû
÷ú

A Mars mission mayA Mars mission may
require 30 monthsrequire 30 months

The majority ofThe majority of
longlong--durationduration

human space flighthuman space flight
missions are 4missions are 4--66
months in lengthmonths in length
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�� �� �úôñ�û÷�úôñ�û÷
ïî÷ùóñ��îïî÷ùóñ��î
�ñýù÷î�ñýù÷î

�û�û ��
�ö�ùø�ù��ö�ùø�ù�

�öþ÷÷øù�öþ÷÷øù
��� ��� ÿñþóîÿñþóî �ññû�ññû

�� �� �úôñ�û÷�úôñ�û÷ ��ú�ùù�î��ú�ùù�î �üóî� úïî÷ùóñ��î� úõú�ñýù÷î�üóî� úïî÷ùóñ��î� úõú�ñýù÷î �ñû÷öî�ñû÷öî

�öþ÷÷øù� úú�üóî� úïî÷ùóñ��î� úõú�ñýù÷î� ú��û�ýüø�öþ÷÷øù� úú�üóî� úïî÷ùóñ��î� úõú�ñýù÷î� ú��û�ýüø ���� ú�ññû� ú����� ú�ññû� ú� �� �úôñ�û÷� úôñîî��øù�úôñ�û÷� úôñîî��øù
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�ññû� ú��ññû� ú� �� �úôñ�û÷�úôñ�û÷
�üóî� úïî÷ùóñ��î�üóî� úïî÷ùóñ��î

� ñðüøúýü÷ùó�üøî�� ñðüøúýü÷ùó�üøî�
�öþ÷÷øù� ú���� ú�öþ÷÷øù� ú���� ú
�ññû� ú�ñýù÷î�ññû� ú�ñýù÷î
�üóî� úïî÷ùóñ��î�üóî� úïî÷ùóñ��î
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�üóî�üóî

ïî÷ùóñ��îïî÷ùóñ��î
�ñýù÷î�ñýù÷î

�öþ÷÷øù� ú���� ú��öþ÷÷øù� ú���� ú� �� �úôñ�û÷�úôñ�û÷
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�ññû�ññû
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�� �� � óüûî�î÷�ñûî� óüûî�î÷�ñûî

ÿ�íñ�óü� �÷�ÿ�íñ�óü� �÷�

�ü��ü÷�ñûú�ü��ü÷�ñûú
� û� �óñûýùû÷� û� �óñûýùû÷

ï�ñó÷ú÷ñú� üó÷öúï�ñó÷ú÷ñú� üó÷öú
� �ýùú� �ýùú
�ùîðþùú�í÷�ñûî�ùîðþùú�í÷�ñûî
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ôñ÷ùû÷�üøôñ÷ùû÷�üø



��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú��ñüî÷óñûüþ÷�ðîú
�ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô���ó�÷�ðüøúôü÷öú�ñü�ýüíú� �ô��

CPR: blueprint for focused evolving research and technology for “risk
reduction” to prevent or reduce the risks to humans in space

environment

• Mars Design Reference Mission (1997) - “most challenging”
scenario

• Identified: 55 risks, 343 critical questions in 12 risk areas

• Habitation systems
– Advanced life support

– Environmental health
monitoring

– Food and nutrition

• Medical care systems
– Clinical capabilities
– Multi-system (cross-risk)

alterations

• Adaptation and
countermeasure systems
– Bone loss
– Cardiovascular alterations
– Human behavior and

performance
– Immunology, infection and

hematology
– Muscle alterations
– Neurovestibular adaptation
– Radiation effects



ÿþýüûúÿùüø÷öúõúôùóòñóýüûðùÿþýüûúÿùüø÷öúõúôùóòñóýüûðù
�þó�û�ú�û÷ùóíøüûù÷üó�úîíüðùúòø��ö÷�þó�û�ú�û÷ùóíøüûù÷üó�úîíüðùúòø��ö÷

�� Basic ElementsBasic Elements
–– Nutrition (adequate, appropriate, appealing)Nutrition (adequate, appropriate, appealing)

–– Rest (avoid chronic fatigue)Rest (avoid chronic fatigue)

–– Exercise (fitness, recreation, motivation)Exercise (fitness, recreation, motivation)

–– Human Performance (psychosocial, workload, humanHuman Performance (psychosocial, workload, human--robotic interface, &robotic interface, &
circadian factors)circadian factors)

�� HabitabilityHabitability including extraincluding extra--vehicular activity, advanced life support, &vehicular activity, advanced life support, &
environmental healthenvironmental health

�� CountermeasuresCountermeasures && preventivepreventive measuresmeasures for deleteriousfor deleterious
physiological effectsphysiological effects

�� DiagnosisDiagnosis of new or preof new or pre--existing conditionsexisting conditions

�� TreatmentTreatment subsequent to diagnosissubsequent to diagnosis

�� ResearchResearch directed towards fulfilling all of the abovedirected towards fulfilling all of the above

�ù��ðüøú�ù�þ�óùýùû÷î�ù��ðüøú�ù�þ�óùýùû÷î



Space MedicineSpace Medicine
�� inin--flight debilitation, longflight debilitation, long--termterm

failure to recover, clinicalfailure to recover, clinical
capabilities, and skill retentioncapabilities, and skill retention

Advanced Life SupportAdvanced Life Support
�� atmosphere, water, thermalatmosphere, water, thermal

control, logistics, waste disposalcontrol, logistics, waste disposal

Environmental HealthEnvironmental Health
�� atmosphere, water,atmosphere, water,

contaminantscontaminants

Planetary ExtraPlanetary Extra --VehicularVehicular
ActivityActivity
�� dust, suit design, serviceabilitydust, suit design, serviceability

Radiation EffectsRadiation Effects
�� carcinogenesis, CNS damage,carcinogenesis, CNS damage,

fertility, sterility, heredityfertility, sterility, heredity

�ù��ðüøú�ù��ðüøú
�üóù�üóù

� û� �óñûýùû÷ú� û� �óñûýùû÷ú
õõ

� ùðöûñøñ��� ùðöûñøñ��

ÿþýüûúÿþýüûú
�ùöü� �ñóúõú�ùöü� �ñóúõú
ôùóòñóýüûðùôùóòñóýüûðù

��î�ú� øùýùû÷îúõú�ü÷ù�ñó�ùî��î�ú� øùýùû÷îúõú�ü÷ù�ñó�ùî

ÿÿþýüûþýüû

ÿÿùüø÷öúõùüø÷öúõ
ôôùóòñóýüûðùùóòñóýüûðù

Human PerformanceHuman Performance
�� psychosocial, workload, sleeppsychosocial, workload, sleep



Bone LossBone Loss
�� fractures, renal stones, osteoporosis,fractures, renal stones, osteoporosis,

drug reactionsdrug reactions

Cardiovascular AlterationsCardiovascular Alterations
�� dysrhythmias, orthostatic intolerance,dysrhythmias, orthostatic intolerance,

exercise capacityexercise capacity

Food and NutritionFood and Nutrition
�� malnutrition, food spoilagemalnutrition, food spoilage

Immunology & HematologyImmunology & Hematology
�� infection, carcinogenesis, woundinfection, carcinogenesis, wound

healing, allergens, hemodynamicshealing, allergens, hemodynamics

Muscle AlterationMuscle Alteration
�� mass, strength, endurance, andmass, strength, endurance, and

atrophyatrophy

Neurovestibular AdaptationsNeurovestibular Adaptations
�� monitoring and perception errors,monitoring and perception errors,

postural instability, gaze deficits,postural instability, gaze deficits,
fatigue, loss of motivation andfatigue, loss of motivation and
concentrationconcentration

ÿþýüûúÿþýüûú
ÿùüø÷ö�ÿùüø÷ö�
ôö�î�ñøñ��ôö�î�ñøñ��

��î�ú� øùýùû÷îúõú�ü÷ù�ñó�ùî��î�ú� øùýùû÷îúõú�ü÷ù�ñó�ùî

ÿÿ
ÿÿ

ôô

þýüûþýüû

ùüø÷öúõùüø÷öúõ
ùóòñóýüûðùùóòñóýüûðù



� öùúòñøøñ��û�úóù�þ�óùúùû��ûùùó�û�ú� öùúòñøøñ��û�úóù�þ�óùúùû��ûùùó�û�ú
îñøþ÷�ñûî�îñøþ÷�ñûî�

�� air purifierair purifier
�� water purifierwater purifier
�� particulate analyzerparticulate analyzer
�� microbial analyzermicrobial analyzer
�� waste manager/recyclingwaste manager/recycling
�� food storagefood storage
�� food processorfood processor
�� clothing manager (e.g., washingclothing manager (e.g., washing

machine)machine)
�� lighting levelslighting levels

–– intensity (threshold level)intensity (threshold level)
–– periodicity (circadian rhythmicity)periodicity (circadian rhythmicity)

ÿþýüûú� üð÷ñóîúüû�úÿü��÷ü��ø�÷�ÿþýüûú� üð÷ñóîúüû�úÿü��÷ü��ø�÷�

�í÷�ýüø�í÷�ýüø

ÿÿ
ÿÿ

ôô

þýüûþýüû
ùüø÷öúõùüø÷öúõ
ùóòñóýüûðùùóòñóýüûðù



� üó÷öú
� üþûðö

van Allen
belts (trapped

radiation)

SEP option:
3 passengers

or more

hours-days

� óüûî�÷

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

4-6
months

�üóîú
� üþûðö

22-24
months

ôö�î�ðüøú�öüøøùû�ùîúôö�î�ðüøú�öüøøùû�ùîú

�ñþóðù

� � íñîþóù

�þýþøü÷�� ù
� � íñîþóù

�üóîú
�þóòüðù

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

18 months;
shielded by
Mars’ bulk &
atmosphere

�üóîú
� üû��û�

4-6
months

� óüûî�÷

GCR (quiet
sun);

SPE (active
sun);

nuclear
power reactor

4-6
months

� üó÷öú
� üû��û�

26-30
months

�ü��ü÷�ñû�ü��ü÷�ñû

GCR: galactic cosmic radiation
SPE: solar particle events
SEP: solar electric propulsion



Issue: Radiation EnvironmentIssue: Radiation Environment
•• Attenuation of GCR and SPE by atmosphere and bulk of planetAttenuation of GCR and SPE by atmosphere and bulk of planet

•• Possible risk from neutron backscatter from surfacePossible risk from neutron backscatter from surface

•• TBD shielding for EMU and habitatTBD shielding for EMU and habitat

CPR: Radiation effects (possible synergy with hypogravityCPR: Radiation effects (possible synergy with hypogravity
and other environmental factors)and other environmental factors)

•• Early or Acute Effects from Radiation Exposure (esp. damage toEarly or Acute Effects from Radiation Exposure (esp. damage to
Central Nervous System)Central Nervous System)

•• Carcinogenesis Caused by RadiationCarcinogenesis Caused by Radiation

�ô�ú�îîþùî� ú�ü��ü÷�ñû�ô�ú�îîþùî� ú�ü��ü÷�ñû



�óü� �÷��óü� �÷� ïððùøùóü÷�ñûïððùøùóü÷�ñû

�üóîú
� üþûðö

TBD g

boost phase
(min);

TEI (min)

22-24 months

1/3 g to 0 g

�üóîú
� üû��û�

3-5 g

aerobraking
(min);

parachute
braking
(30s);

powered
descent(30s)

� üó÷öú
� üû��û�

3-5 g

aerobraking
(min);

parachute
braking (min)

26-30 months

0 g to 1g

� óüûî�÷

0 g

4-6
months

�üóîú
�þóòüðù

1/3 g

18
months

� óüûî�÷

0 g

4-6
months

� üó÷öú
� üþûðö

up to 3 g

boost phase
(8min);

TMI (min)

0

1 g to 0 g

�� � ñü�

�ñ÷ùî

�þýþøü÷�� ù
ö�íñ� �

�ú÷óüûî�÷�ñû 0 g to 1/3 g

4-6 months

ôö�î�ðüøú�öüøøùû�ùîôö�î�ðüøú�öüøøùû�ùî

TMI: trans-Mars injection
TEI: trans-Earth injection



ÿùüø÷öúðüóùúòþûð÷�ñûîÿùüø÷öúðüóùúòþûð÷�ñûî
�� NutritionNutrition
�� ExerciseExercise
�� Psychological supportPsychological support

�� planned activitiesplanned activities
�� entry/landing simulationsentry/landing simulations
�� housekeepinghousekeeping
�� refresher trainingrefresher training
�� cruise science (rovercruise science (rover

operations/site preparation,operations/site preparation,
microgravity, astronomy,microgravity, astronomy,
and biomedicine)and biomedicine)

�� communicationscommunications
�� reliable contact with missionreliable contact with mission

control, family, & friendscontrol, family, & friends
�� Health CareHealth Care

�� autonomous careautonomous care
�� telemedicinetelemedicine

�üóîú� óüûî�÷ú�ù�þ�óùýùû÷î�üóîú� óüûî�÷ú�ù�þ�óùýùû÷î
� üð�ø�÷�ùîúýþî÷ú�ùúýñî÷ø�úüþ÷ñûñýñþîú� üð�ø�÷�ùîúýþî÷ú�ùúýñî÷ø�úüþ÷ñûñýñþîú

� ñûù� ñûù�� �ü�ú� üó÷ö�ü�ú� üó÷ö�� �üóîúðñýýþû�ðü÷�ñûîú÷�ýùú�îú��üóîúðñýýþû�ðü÷�ñûîú÷�ýùú�îú� �� ��úý�û� ���úý�û� �

artwork from Constance Adams and Kris Kennedy for the JSC TransHab Team

Recreation &Recreation &
privacyprivacy

Maintenance &Maintenance &
housekeepinghousekeeping

(including(including
workshop)workshop)

ÿü��÷ü÷úòüð�ø�÷�ùîÿü��÷ü÷úòüð�ø�÷�ùî

Exercise &Exercise &
conditioningconditioning

for Marsfor Mars
surfacesurface

activitiesactivities



�þîðøùúü÷óñíö��þîðøùúü÷óñíö�
�� resistive exercise underresistive exercise under

evaluationevaluation

�ýíüð÷îúñòú� � ÷ùû�ù�ú�ù��ö÷øùîîûùîî�ýíüð÷îúñòú� � ÷ùû�ù�ú�ù��ö÷øùîîûùîî

�ùþóñ� ùî÷��þøüóúü�üí÷ü÷�ñûî�ùþóñ� ùî÷��þøüóúü�üí÷ü÷�ñûî
�� vehicle modifications,vehicle modifications,

including centrifugeincluding centrifuge
�� may require automay require auto--landland

capabilitycapability

�ñûùúøñîî�ñûùúøñîî
�� no documented endno documented end--point orpoint or

adapted stateadapted state
�� countermeasures in work oncountermeasures in work on

ground but not yet flightground but not yet flight
testedtested

�üó��ñ� üîðþøüóúüø÷ùóü÷�ñûî�üó��ñ� üîðþøüóúüø÷ùóü÷�ñûî
�� pharmacological treatmentspharmacological treatments

for autonomic insufficiencyfor autonomic insufficiency

Physical tolerance of stresses during aerobraking, landing, andPhysical tolerance of stresses during aerobraking, landing, and
launch phases, and strenuous surface activitieslaunch phases, and strenuous surface activities



Physical tolerance of stresses during aerobraking, landing, and launch
phases, and strenuous surface activities

• CPR: Musculo-skeletal atrophy
– Inability to perform tasks due to loss of skeletal muscle mass,

strength, and/or endurance
– Injury of muscle, bone, and connective tissue
– Fracture and impaired fracture healing
– Renal stone formation

• CPR: Cardiovascular alterations
– Manifestation of serious cardiac dysrhythmias and latent disease
– Impaired cardiovascular response to orthostatic stress and to

exercise stress

• CPR: Neurovestibular alterations (possible synergy with radiation)
– Disorientation
– Impaired coordination
– Impaired cognition

�ô�ú�îîþùî� úÿ�íñ�óü� �÷��ô�ú�îîþùî� úÿ�íñ�óü� �÷�
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ïð÷�ñûîúûùù�ù�ú÷ñúüððñýíø�îöú�üóîúý�îî�ñûú÷óüûî�÷ïð÷�ñûîúûùù�ù�ú÷ñúüððñýíø�îöú�üóîúý�îî�ñûú÷óüûî�÷
�� Vigorously investigateVigorously investigate AG to reach a consensus about AG forAG to reach a consensus about AG for

Mars missionMars mission
�� Explore current approachExplore current approach : AG may be used to pre: AG may be used to pre--adapt crew toadapt crew to

Mars gravity (outbound) and reMars gravity (outbound) and re--adapt to Earth gravity (inbound):adapt to Earth gravity (inbound):
�� provides extended physiological protection from 1 gprovides extended physiological protection from 1 g
�� eases transition throughout 1/3 g exposureeases transition throughout 1/3 g exposure
�� requires AG capability of 1 g outbound andrequires AG capability of 1 g outbound and inboundinbound

�� Define parametersDefine parameters for optimal g levelfor optimal g level
�� initiate benchmark studies based on best guessinitiate benchmark studies based on best guess
�� evaluate protective effects (if any) of 1/3 gevaluate protective effects (if any) of 1/3 g
�� continue studies on optimal angular rate:continue studies on optimal angular rate:

�üûúüó÷�ò�ð�üøú�óü� �÷�úíóùîùó� ùúíö�î�ñøñ��ðüøúòþûð÷�ñûú�üûúüó÷�ò�ð�üøú�óü� �÷�úíóùîùó� ùúíö�î�ñøñ��ðüøúòþûð÷�ñûú
�þó�û�úøñû��þó�û�úøñû� �� �þóü÷�ñûúý�îî�ñûî��þóü÷�ñûúý�îî�ñûî�

– more problems if 6> ω > 10 rpm
– no data if ω > 10 rpm

g>0.5

���

g=0
� ��

0<g<0.5

��

ôñ÷ùû÷�üøúíóñ÷ùð÷�ñûú
üòòñó�ù�ú��úï�ú

øù� ùøî

– few problems if ω < 1 rpm
– some problems if 1> ω > 6 rpm

ïó÷�ò�ð�üøú�óü� �÷�ú�ñûî��ùóü÷�ñûîïó÷�ò�ð�üøú�óü� �÷�ú�ñûî��ùóü÷�ñûî

Note: no consensus currently exists on AG
levels needed for exploration missions



ïó÷�ò�ð�üøú�óü� �÷�ú� ï��ïó÷�ò�ð�üøú�óü� �÷�ú� ï��
�öü÷úî÷ùíîúüóùúóù�þ�óù�ú÷ñúðùó÷�ò�úï�úüîúüú� üø��ú�öü÷úî÷ùíîúüóùúóù�þ�óù�ú÷ñúðùó÷�ò�úï�úüîúüú� üø��ú
ðñþû÷ùóýùüîþóùú÷ñúù� ÷ùû�ù�ú�ù��ö÷øùîîûùîî�ðñþû÷ùóýùüîþóùú÷ñúù� ÷ùû�ù�ú�ù��ö÷øùîîûùîî�

(per Artificial Gravity Working Group, January 1999)(per Artificial Gravity Working Group, January 1999)

�� Establish a comprehensive groundEstablish a comprehensive ground
research programresearch program

�� Implement a flight researchImplement a flight research
programprogram
�� International Space StationInternational Space Station
�� Space ShuttleSpace Shuttle

�� Focus on the following research prioritiesFocus on the following research priorities
�� Determine optimal characteristics for intermittent AGDetermine optimal characteristics for intermittent AG

�� Identify g threshold values needed to maintain HHP (including 1/Identify g threshold values needed to maintain HHP (including 1/3 g exposure for 183 g exposure for 18
months)months)

�� Determine optimal AG characteristics (e.g., radius and angular vDetermine optimal AG characteristics (e.g., radius and angular velocity)elocity)



ïó÷�ò�ð�üøú�óü� �÷�ú�ñûðùí÷îïó÷�ò�ð�üøú�óü� �÷�ú�ñûðùí÷î
�ñû÷�ûþñþîú� ú� ñû�ú�ü��þîú� ú� ñ�ú�ñû÷�ûþñþîú� ú� ñû�ú�ü��þîú� ú� ñ�ú ωω

1969: NERVA powered duplicate
vehicles docked for rotation

1999: Bimodal NTR design allows
rotation

• 0.38 g outbound

• 0.8 g inbound



� �óü� �÷�úïþ�ýùû÷ü÷�ñû� ú� �óü� �÷�úïþ�ýùû÷ü÷�ñû� ú
�þó�û�ú� � ùóð�îùú�ûú� óüûî�÷úüû�ú�ûú�üóîú�þóòüðù�þó�û�ú� � ùóð�îùú�ûú� óüûî�÷úüû�ú�ûú�üóîú�þóòüðù

Space Cycle™
(Kreitenberg, UC-Irvine)

Exercise inExercise in
LBNPLBNP

(Hargens,(Hargens,
NASA ARC)NASA ARC)

Self-
Generated
LBNP

(Hargens,
NASA
ARC)ISS Resistive Exercise

Device
(Schneider, NASA JSC)

C
oncepts

C
oncepts

Human-powered
centrifuge

(Greenleaf,
NASA ARC)



�ô�ú�îîþùî� úÿ�íñ�óü� �÷��ô�ú�îîþùî� úÿ�íñ�óü� �÷�

Periodic health monitoring will alsoPeriodic health monitoring will also
serve as applied research:serve as applied research:

�� probably longest period away fromprobably longest period away from
Earth to dateEarth to date

�� probably longest exposure toprobably longest exposure to
hypogravity (0<g<1) to datehypogravity (0<g<1) to date

Issue: Efficacy of 0.38 g in countering deconditioning = ???Issue: Efficacy of 0.38 g in countering deconditioning = ???
Therefore, Mars surface gravity assumed to be:Therefore, Mars surface gravity assumed to be:
�� TooToo LOWLOW to be beneficial (for preserving bone integrity, etc.)to be beneficial (for preserving bone integrity, etc.)
�� TooToo HIGHHIGH to be ignored (for avoiding gto be ignored (for avoiding g--transition & vestibulartransition & vestibular

symptoms)symptoms)

g>0.5g>0.5

��
�

g=0g=0

� �
�

0<g<0.50<g<0.5

��

Current (1999)Current (1999)
expertexpert guessesguesses

on minimumon minimum
adequate gravityadequate gravity

levellevel
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�üð��óñþû��üð��óñþû�
Anecdotal evidence suggests ~50% of RussianAnecdotal evidence suggests ~50% of Russian
MirMir crewmembers are ambulatorycrewmembers are ambulatory with assistancewith assistance
immediately after landing, increasing to 100%immediately after landing, increasing to 100%
within hours, then decreasing with fatiguewithin hours, then decreasing with fatigue

Only 3 out of 6 MarsOnly 3 out of 6 Mars
crewmembers are ambulatorycrewmembers are ambulatory
immediately after landingimmediately after landing

Start with passive tasks inside vehicle andStart with passive tasks inside vehicle and
progress to strenuous tasks on surfaceprogress to strenuous tasks on surface

�� First 1First 1 --3 days3 days activities limited to reconfiguration ofactivities limited to reconfiguration of
lander/habitat and surface reconnaissancelander/habitat and surface reconnaissance

�� ThenThen , conduct first Mars walk(s) in vicinity of lander, conduct first Mars walk(s) in vicinity of lander
(umbilical instead of backpack?)(umbilical instead of backpack?)

�� Next,Next, use unpressurized rover for early, shorter excursionsuse unpressurized rover for early, shorter excursions
�� After a week or moreAfter a week or more , extended excursions are possible, extended excursions are possible

ïîîþýùïîîþýù

�÷óü÷ù���÷óü÷ù��



Strategy for Mars Surface OperationsStrategy for Mars Surface Operations

Anecdotal evidence: ~50% of
Russian Mir crewmembers
are ambulatory with
assistance immediately after
landing, increasing to 100%
within hours, then decreasing
due to fatigue for several
days

Conservative assumption:
only 3 out of 6 crewmembers
will be ambulatory
immediately after landing

Strategy: start with passive
tasks inside vehicle (day 1-
3) and progress to
strenuous tasks on surface
(second week)



�üóîú�þóòüðùú�÷ü�ú�ù�þ�óùýùû÷î�üóîú�þóòüðùú�÷ü�ú�ù�þ�óùýùû÷î

�óù�úöùüø÷öúðüóù�óù�úöùüø÷öúðüóù
�� Radiation ProtectionRadiation Protection
�� Medical Surgical careMedical Surgical care
�� NutritionNutrition -- Food SupplyFood Supply
�� Psychological supportPsychological support

�� meaningful workmeaningful work
�� surface sciencesurface science

–– planetaryplanetary
–– biomedicalbiomedical

�� simulations of Mars launch,simulations of Mars launch,
transtrans--Earth injection, andEarth injection, and
contingenciescontingencies

�� progressive debriefs,progressive debriefs,
sample processing, etc.sample processing, etc.

�� housekeepinghousekeeping
�� communications capabilitycommunications capability

ÿü��÷ü÷ÿü��÷ü÷
�� Maintenance/housekeepingMaintenance/housekeeping

–– workshop with HRETworkshop with HRET
capabilitiescapabilities

�� Exercise supplemental toExercise supplemental to
Mars surface activitiesMars surface activities

�� RecreationRecreation
�� PrivacyPrivacy

HRET: human-robotic exploration team

ïþ÷ñûñýñþîúòüð�ø�÷�ùîïþ÷ñûñýñþîúòüð�ø�÷�ùî



�óù�úöùüø÷öúðüóù�óù�úöùüø÷öúðüóù
�� Radiation ProtectionRadiation Protection
�� Medical Surgical careMedical Surgical care
�� NutritionNutrition -- Food SupplyFood Supply
�� Psychological supportPsychological support

�� meaningful workmeaningful work
�� surface sciencesurface science

–– planetaryplanetary
–– biomedicalbiomedical

�� simulations of Mars launch,simulations of Mars launch,
transtrans--Earth injection, andEarth injection, and
contingenciescontingencies

�� progressive debriefs,progressive debriefs,
sample processing, etc.sample processing, etc.

�� housekeepinghousekeeping
�� communications capabilitycommunications capability

ÿü��÷ü÷ÿü��÷ü÷
�� Maintenance/housekeepingMaintenance/housekeeping

–– workshop with HRETworkshop with HRET
capabilitiescapabilities

�� Exercise supplemental toExercise supplemental to
Mars surface activitiesMars surface activities

�� RecreationRecreation
�� PrivacyPrivacy

�óù�ú�óù�ú
ïþ÷ñûñý�ïþ÷ñûñý�
ñûú�üóîñûú�üóî



• Issue: Dust
– Operational: fouling of habitat or pressure garment fittings

and mechanisms could pose risk to health and safety
– Medical: possible risk if inhaled

• Physical irritant
• Reactive and oxidizing
• Pulmonary inflammation

effects likely additive
• Issue: Biohazards

– Dependent on extant biological activity
• Possible health threat to crew (maybe not)
• Planetary protection issues (Mars as well as Earth)

• CPR: Immune/Infection/Hematology
– Allergies and Hypersensitivity Reactions
– Immunodeficiency and susceptibility to infections
– Altered Wound Healing

�ô�ú�îîþùî� ú� û� �óñûýùû÷üø�ô�ú�îîþùî� ú� û� �óñûýùû÷üø



�ô�ú�îîþùî� ú�ô�ú�îîþùî� ú
ÿþýüûú�ùöü� �ñóúüû�úôùóòñóýüûðùÿþýüûú�ùöü� �ñóúüû�úôùóòñóýüûðù

CPR: Behavior andCPR: Behavior and
PerformancePerformance

•• Sleep and circadianSleep and circadian
rhythm problemsrhythm problems

•• Poor psychosocialPoor psychosocial
adaptationadaptation

•• NeurobehavioralNeurobehavioral
dysfunctiondysfunction

•• HumanHuman --robotic interfacerobotic interface

Issues:
•Small group size

•Multi-cultural composition

•Extended duration

•Remote location

•High autonomy

•High risk (both expensive

and life-threatening)

•High visibility (e.g., high
pressure to succeed)



Issue: Circadian RhythmIssue: Circadian Rhythm
•• Sol = 24.62 hrSol = 24.62 hr

–– Human intrinsic rhythm = 24.1Human intrinsic rhythm = 24.1 ++ 0.15 hr0.15 hr
•• synchronization not assuredsynchronization not assured –– may require (chronic)may require (chronic)

intervention?intervention?
•• Synchronization successful (best case): Unknown efficacy inSynchronization successful (best case): Unknown efficacy in

maintainingmaintaining
circadian healthcircadian health

–– Daylight EVA ops: safety, efficiencyDaylight EVA ops: safety, efficiency
–– Shorten perceived stay (by 2.5% !)Shorten perceived stay (by 2.5% !)
–– Complicate EarthComplicate Earth --based support (ref. Viking, Pathfinder/Sojourner;based support (ref. Viking, Pathfinder/Sojourner;

MER 2003 planning)MER 2003 planning)
•• Failure to synchronize (worst case):Failure to synchronize (worst case):

–– Crew awake during Mars night every 41 days (40 sols)Crew awake during Mars night every 41 days (40 sols)
•• WellWell --rested “nightrested “night --time” ops vs. fatigued daylight opstime” ops vs. fatigued daylight ops
•• --200 deg F temperature200 deg F temperature

–– EMU issuesEMU issues
•• Limited visibility (no IR capability): increased risk of accidenLimited visibility (no IR capability): increased risk of acciden t,t,

traumatrauma
–– Radiation minimized: reduced SPE influence at night (?)Radiation minimized: reduced SPE influence at night (?)

�ô�ú�îîþùî� ú�ô�ú�îîþùî� ú
ÿþýüûú�ùöü� �ñóúüû�úôùóòñóýüûðùÿþýüûú�ùöü� �ñóúüû�úôùóòñóýüûðù



� üó÷öú�ù÷þóûú� óüûî�÷ú�ù�þ�óùýùû÷î� üó÷öú�ù÷þóûú� óüûî�÷ú�ù�þ�óùýùû÷î
ïþ÷ñûñýñþîú� üð�ø�÷�ùîïþ÷ñûñýñþîú� üð�ø�÷�ùî

(one way Earth(one way Earth--Mars communications time is 3Mars communications time is 3--22 min.)22 min.)
Crew health careCrew health care
�� NutritionNutrition
�� Psychological supportPsychological support

–– meaningful workmeaningful work
�� simulations of Earth aerobraking, contingenciessimulations of Earth aerobraking, contingencies
�� debriefs, reporting, & consultation with primarydebriefs, reporting, & consultation with primary

investigatorinvestigator
�� housekeepinghousekeeping
�� cruise sciencecruise science

�� Mars sample analysis?Mars sample analysis?
�� microgravity, astronomy, other?microgravity, astronomy, other?

–– communications capabilitycommunications capability

HabitatHabitat
�� Maintenance/housekeepingMaintenance/housekeeping

–– workshopworkshop
�� ExerciseExercise -- supplemental to Mars surface activitiessupplemental to Mars surface activities
�� RecreationRecreation
�� PrivacyPrivacy

üó÷�ñó�úòóñýú�ñûî÷üûðùúï�üýîúüû�ú�ó�îú�ùûûù��úòñóú÷öùú� ��ú� óüûîÿüó÷�ñó�úòóñýú�ñûî÷üûðùúï�üýîúüû�ú�ó�îú�ùûûù��úòñóú÷öùú� ��ú� óüûîÿü�ú� ùüýü�ú� ùüý

�ñûðùí÷þüø�� ü÷�ñûúñòúðóù�ú�ñûðùí÷þüø�� ü÷�ñûúñòúðóù�ú
�þüó÷ùóî�þüó÷ùóî
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�ø�û�ðüøúôóñ�øùýî • Expected illnesses and problems
– Orthopedic and
musculoskeletal problems (esp.
in hypogravity)
– Infectious, hematological, and
immune-related diseases
– Dermatological,
ophthalmologic, and ENT
problems

• Acute medical emergencies
– Wounds, lacerations, and
burns
– Toxic exposure and acute
anaphylaxis
– Acute radiation illness
–Development and treatment of
decompression sickness
– Dental, ophthalmologic, and
psychiatric

• Chronic diseases
– Radiation-induced problems
– Responses to dust exposure
– Presentation or acute
manifestation of nascent illness

CPR: Medical care systemsCPR: Medical care systems
for prevention, diagnosis orfor prevention, diagnosis or
treatmenttreatment

–– Difficulty of rehabilitationDifficulty of rehabilitation
following landingfollowing landing

–– Trauma and acute medicalTrauma and acute medical
problemsproblems

–– Illness and ambulatoryIllness and ambulatory
health problemshealth problems

–– Altered pharmacodynamicsAltered pharmacodynamics
and adverse drug reactionand adverse drug reaction



�ùíñó÷îúñòú�øøûùîîúüû�ú�û� þó��ùíñó÷îúñòú�øøûùîîúüû�ú�û� þó�
�þó�û�úîíüðùúòø��ö÷�þó�û�úîíüðùúòø��ö÷

Data from R. Billica, Jan. 8, 1998

�íüðùú�ù��ð�ûùú�îîþùî�íüðùú�ù��ð�ûùú�îîþùî

�ûð��ùûðùú�ñýýñû�ûð��ùûðùú�ñýýñû
� ����� � �����

�� skin rash, irritationskin rash, irritation
�� foreign bodyforeign body
�� eye irritation, cornealeye irritation, corneal

abrasionabrasion
�� headache, backache,headache, backache,

congestioncongestion
�� gastrointestinal disturbancegastrointestinal disturbance
�� cut, scrape, bruisecut, scrape, bruise
�� musculoskeletal strain,musculoskeletal strain,

sprainsprain
�� fatigue, sleep disturbancefatigue, sleep disturbance
�� space motion sicknessspace motion sickness
�� postpost--landing orthostaticlanding orthostatic

intoleranceintolerance
�� postpost--landinglanding

neurovestibular symptomsneurovestibular symptoms

�ñûðùí÷þüø�� ü÷�ñûúñòúðóù�úöùüø÷öðüóùúõú�ñûðùí÷þüø�� ü÷�ñûúñòúðóù�úöùüø÷öðüóùúõú
ù� ùóð�îùúòüð�ø�÷�ùîù� ùóð�îùúòüð�ø�÷�ùî

�ûð��ùûðùú�ûðùó÷ü�û�ûð��ùûðùú�ûðùó÷ü�û
�� infectious diseaseinfectious disease
�� cardiaccardiac dysrhythmiadysrhythmia,,

trauma, burntrauma, burn
�� toxic exposuretoxic exposure
�� psychological stress,psychological stress,

illnessillness
�� kidney stoneskidney stones
�� pneumonitispneumonitis
�� urinary tract infectionurinary tract infection
�� spinal disc diseasespinal disc disease
�� unplanned radiationunplanned radiation

exposureexposure

üó÷�ñó�úòóñýú�ñûî÷üûðùúï�üýîúüû�ú�ó�îú�ùûûù��úòñóú÷öùú� ��ú� óüûîÿüó÷�ñó�úòóñýú�ñûî÷üûðùúï�üýîúüû�ú�ó�îú�ùûûù��úòñóú÷öùú� ��ú� óüûîÿü�ú� ùüýü�ú� ùüý



Data from R. Billica, January 1998, and D. Hamilton, June 1998

For DRM of 6 crewmembers on a 2½ year mission, expect:
� 0.9 persons per mission , or ~one person per mission,

to require ER capability
� 0.3 persons per mission , or ~once per three missions,

to require ICU capability
� ~80% require intensive care only 4-5 days
� ~20% do not.

Based on U.S. and Russian space flight data, U.S. astronautBased on U.S. and Russian space flight data, U.S. astronaut
longitudinal data, and submarine, Antarctic winterlongitudinal data, and submarine, Antarctic winter--over, andover, and
military aviation experience:military aviation experience:
�� Incidence ofIncidence of significantsignificant illness or injury isillness or injury is 0.06 per person0.06 per person --

yearyear
�� as defined by U.S. standardsas defined by U.S. standards
�� requiring emergency room (ER) visit or hospital admissionrequiring emergency room (ER) visit or hospital admission

�� Subset requiring intensive care (ICU) support isSubset requiring intensive care (ICU) support is 0.02 person0.02 person
per yearper year

Projected Rates of Illness or InjuryProjected Rates of Illness or Injury

Note: Decreased productivity, increased risk while crew
reduced by 1-2 (including care-giver)

�üóîú����üóîú���

ôüî÷ôüî÷
� � íùó�ùûðù� � íùó�ùûðù

�� ��ú
íùóîñû� ý�îî�ñû

�� ��ú
íùóîñû� �ùüó



ïþ÷ñûñýñþîú�ø�û�ðüøú�üóùïþ÷ñûñýñþîú�ø�û�ðüøú�üóù

� ùøùýù��ð�ûù� ùøùýù��ð�ûù
�� preventive health carepreventive health care
�� diagnostic/therapeutic capabilities from grounddiagnostic/therapeutic capabilities from ground--based consultantsbased consultants

�óù�úÿùüø÷öú�üóùú� üð�ø�÷�
� non-invasive diagnostic capabilities

for medical/surgical care

� “smart” systems

� non-invasive imaging systems

� definitive surgical therapy including
robotic surgical assist devices and

surgical simulators

� blood replacement therapy

� laboratory support



�ñûðøþî�ñûî�ñûðøþî�ñûî
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To access/download this
presentation:

http://ace.arc.nasa.gov/cgi-
bin/postdoc/get?url_id=505
12&ext=pdf



http://members.aol.com/dsfportree/explore.htm
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�� �üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñûú requiresrequires
novel technologies that allow humannovel technologies that allow human
adaptation to:adaptation to:
�� interplanetary space travelinterplanetary space travel
�� planetary habitationplanetary habitation

�� The medical and physiologicalThe medical and physiological
challenges associated withchallenges associated with
interplanetary space travel will dependinterplanetary space travel will depend
uponupon
�� mission durationmission duration
�� propulsion systempropulsion system

�� The integration of human and roboticThe integration of human and robotic
activities will be a critical determinant ofactivities will be a critical determinant of
the success of planetary explorationthe success of planetary exploration

�ñûðøþî�ñûî�ñûðøþî�ñûî



�ñûðøþî�ñûî�ñûðøþî�ñûî
The human element is the most complexThe human element is the most complex

element of the mission designelement of the mission design

Mars missions will pose significantMars missions will pose significant
physiological and psychological challenges tophysiological and psychological challenges to

crew memberscrew members

Human engineering, human robotic/machineHuman engineering, human robotic/machine
interface, and life support issues are criticalinterface, and life support issues are critical

The Critical Roadmap Research Path is required forThe Critical Roadmap Research Path is required for
issues thatissues that maymay be showbe show--stoppers (bone, radiation)stoppers (bone, radiation)

The ISS platform must be used to address explorationThe ISS platform must be used to address exploration
issues before any “Go/No Go” decisionissues before any “Go/No Go” decision

A significant amount of groundA significant amount of ground--based and specialized flightbased and specialized flight
research will be requiredresearch will be required -- the Critical Path Roadmap project willthe Critical Path Roadmap project will

direct our research toward exploration objectivesdirect our research toward exploration objectives
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� 1997: Mars Global Surveyor orbiter
� (still operational)

� 2001: Mars Odyssey Orbiter
� (high res. mapping & imaging)

� 2003: Mars Exploration Rovers (2)
� Mars Express Orbiter & Beagle-2

lander (ESA)
� 2005: Mars Reconnaissance Orbiter

� (20-30 cm res.)
� 2007: precision lander with large mobile

science laboratory; first Mars Scout
missions; French lander; Italian comsat

� 2009: possible US/Italian orbiter with
ground-penetrating radar to search for
water

� 2011, 2014 &/or 2016: science orbiters,
rovers & landers; possible return of 2 kg.
sample.



�÷ü�ùú�� úðóù�ú÷óüûî�÷�ñûúòóñýú� � �ú÷ñúÿ� ��÷ü�ùú�� úðóù�ú÷óüûî�÷�ñûúòóñýú� � �ú÷ñúÿ� �

from SEP Team package,
Nov. 1997

�ñøüóú� øùð÷óñû�ðúôóñíþøî�ñû�ñøüóú� øùð÷óñû�ðúôóñíþøî�ñû
��îî�ñûú�ðùûüó�ñ��îî�ñûú�ðùûüó�ñ

�÷ü�ùú� � ú÷óüûî�÷�ñûúòóñýú� � �ú÷ñúÿ� ��÷ü�ùú� � ú÷óüûî�÷�ñûúòóñýú� � �ú÷ñúÿ� �

TMI Chem stage

Mars aerobrake
SEP

Mars transit habitat/lander

Stack starts in LEOüü

Reaches HEO, waits
for crew moduleðð

Burn to HEO using
Chem stage & drop
Chem stage

ùù
Crew module
rendezvous
and docks w/ stack
òò

Chem stage

Crew arrives at LEO��

�÷ü�ùú�� úúðóù�úõúî÷üð�ú÷óüûî�÷�ñûú�÷ü�ùú�� úúðóù�úõúî÷üð�ú÷óüûî�÷�ñûú
òóñýúÿ� �ú÷ñú� ��òóñýúÿ� �ú÷ñú� ��

Propulsive chem burn
to transfer from HEO
to TMI��

Reusable Crew Taxi

�� Uses SEP to spiral
out to HEO

Van Allen belts

LEO: low Earth orbit
HEO: high Earth orbit

SEP: solar electronic propulsion
TMI: trans-Mars injection



�� ÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýîúÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýîú
�òò�ðùú�òò�ðùú identifies critical areas of researchidentifies critical areas of research
and development that will assure humanand development that will assure human
health and performance capability forhealth and performance capability for
exploring and developing space.exploring and developing space.

�� TheThe �üóîú�ùî��ûú�ùòùóùûðùú��îî�ñû�üóîú�ùî��ûú�ùòùóùûðùú��îî�ñû
is a benchmark for determining both theis a benchmark for determining both the
content and direction of midcontent and direction of mid-- and longand long--
term research activities.term research activities.

�� NearNear--term focus continues to be onterm focus continues to be on
tasks and techniques that expandtasks and techniques that expand
human performance during Spacehuman performance during Space
Shuttle and International Space StationShuttle and International Space Station
missions.missions.

�üð��óñþû��üð��óñþû�



ÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýú�òò�ðùú� ÿ�� �ô�� úÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýú�òò�ðùú� ÿ�� �ô�� ú
coordinates these critical support functions for JSCcoordinates these critical support functions for JSC

� ��ú�îú�ï�ï� îú� ùü�ú�ùû÷ùóúòñóúöþýüûúñíùóü÷�ñûîú�ûúîíüðùúüû�ú� ��ú�îú�ï�ï� îú� ùü�ú�ùû÷ùóúòñóúöþýüûúñíùóü÷�ñûîú�ûúîíüðùúüû�ú
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�� Space MedicineSpace Medicine

�� Biomedical Research and CountermeasuresBiomedical Research and Countermeasures

�� Advanced Human Support TechnologiesAdvanced Human Support Technologies

�� Advanced Life SupportAdvanced Life Support

�� Advanced Human EngineeringAdvanced Human Engineering

�� Advanced Environmental Monitoring and ControlAdvanced Environmental Monitoring and Control

�� Elements of Advanced Extravehicular Activity (EVA)Elements of Advanced Extravehicular Activity (EVA)

ÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýîÿþýüûú�íüðùú� �òùú�ð�ùûðùîúôóñ�óüýî



The Mars DRM is a “strawman” chosen to represent explorationThe Mars DRM is a “strawman” chosen to represent exploration--classclass
missions because it requires a rigorous life sciences critical pmissions because it requires a rigorous life sciences critical path.ath.

Long Duration
Experience � � úýñû÷öî� � úýñû÷öî

Longest flightLongest flight ISSISS tourstours

�� �� �úýñû÷öî�úýñû÷öî
Mars round tripMars round trip

Physical Demands
Current:Current: infrequent orbital EVAsinfrequent orbital EVAs
with regular daily exercisewith regular daily exercise

Mars:Mars: frequent Mars surfacefrequent Mars surface
EVAs, possibly dailyEVAs, possibly daily

Toxin Exposure Current:Current: spacecraft & terrestrialspacecraft & terrestrial
toxins onlytoxins only

Mars:Mars: spacecraft, terrestrial, &spacecraft, terrestrial, &
extraterrestrialextraterrestrial toxinstoxins

Episodes of
Hypergravity

Earth & Mars aerobrakingEarth & Mars aerobrakingEarth aerobrakingEarth aerobraking
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�� �� �ú��ú�

G Transitions
1g 0g1g 0g

0g 1g0g 1g

1g1g
0g0g
1/3g1/3g
0g0g

0g0g
1/3g1/3g

0g0g
1g1g

��ú ��ú
ýñû÷öîýñû÷öî
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Original figure by Michelle Munk, Mars Landing Transition Team, Nov., 1997

ôñîî��øùôñîî��øù
�üóîú� üû��û�ú�ù�þùûðù�üóîú� üû��û�ú�ù�þùûðù

ôüóüðöþ÷ùúíöüîùôüóüðöþ÷ùúíöüîù
(saves 10 T of fuel)(saves 10 T of fuel)

�� 8 km to 5 km8 km to 5 km
�� 734 m/s to 200 m/s734 m/s to 200 m/s
�� Time: 36 secTime: 36 sec

� üû��û�úíöüîù� üû��û�úíöüîù
�� 5 km to TD5 km to TD
�� 200 m/s to 0 m/s200 m/s to 0 m/s
�� Time: 48 secTime: 48 sec

� û÷ó�úíöüîùú� û÷ó�úíöüîùú
�� 125 km to 8 km125 km to 8 km
�� 3302 m/s to 734 m/s3302 m/s to 734 m/s
�� Time: 21 min:13 secTime: 21 min:13 sec



Original figure by Michelle Munk, Mars Landing Transition Team, Nov., 1997

ôñîî��øùôñîî��øù
ôüóüðöþ÷ùú�ùíøñ�ýùû÷ôüóüðöþ÷ùú�ùíøñ�ýùû÷

�ù�þùûðù�ù�þùûðù

�þððùîî�� ùúø�ûùúóùøùüîù�þððùîî�� ùúø�ûùúóùøùüîù
�� Demonstrated in XDemonstrated in X--38 Program38 Program
�� DynamicsDynamics
�� TimeTime
�� Crew orientationCrew orientation









Strategy for Mars Surface Operations

Anecdotal evidence: ~50% of
Russian Mir crewmembers are

ambulatory with assistance
immediately after landing,
increasing to 100% within

hours, then decreasing due to
fatigue for several days

Conservative assumption: only 3 out of 6
crewmembers will be ambulatory

immediately after landing

Strategy: start with passive tasks inside
vehicle (day 1-3) and progress to

strenuous tasks on surface (second week)
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as interpreted and expanded upon by

John B. Charles, Ph.D.
for Bioastronautics Office

Johnson Space Center
Houston, Texas USA
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