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This paper will describe the current planning for exploration-class missions, emphasizing the medical and
human factors aspects of such expeditions. The details of mission architecture are still under study, but a
typical Mars design reference mission comprises a six-month transit from Earth to Mars, eighteen months
in residence on Mars, and a six-month transit back to Earth. Physiological stressors will include
environmental factors such as prolonged exposure to radiation, weightlessness in transit, and hypogravity
and a toxic atmosphere while on Mars. Psychological stressors will include remoteness from Earth,
confinement, and potential interpersonal conflicts, all complicated by circadian alterations. Medical risks
including trauma must also be considered. Results of planning for assuring human health and performance
will be presented.
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Human Exploration of Mars: The Reference Mission of the NASA Mars
Exploration Study Team (Stephen J. Hoffman and David |. Kaplan, eds.)
NASA Special Publication 6107, July, 1997.

The author has augmented the information in the primary source with
insights trom many formal briefings, informal conver:
and personal musings, some of which are based on the following works:

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

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

Zubrin, Robert. The Case for Mars: The Plan to Seftle the Red Planet
and Why We Must. New York: The Free Press, 1996.




' |§3?33°' Human Space Life Sciences Programs

 ISC is NASA's Lead Center for human operations in space and
oversees these human research functions:

Space Medicine

« Biomedical Research and Countermeasures

Advanced Human Support Technologies
Advanced Life Support
+ Advanced Human Engineering

« Advanced Environmental Moniforing and Control
Elements of Advanced Extravehicular Activity (EVA)

~ Jesign
e Background

« Human Space & Life Sciences Programs
Oifice identifies critical areas of research
and development that will assure human
health and performance capability for
exploring and developing space.

The Mars Design Reference Missien s
_a benchmark for determining both the
___content and direction of mid- and long-
_ term research activities. n

« Near-term focus continues to be on tasks
and techniques that expand human
performance during Space Shuttle and
International Space Station missions.




At this time, NASA does not have the authority to
undertake a piloted Mars mission, No claim to
the contrary can be inferred from this
presentation.

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

planners who defined it. This work forms a basis for comparing
different approaches and criteria involving new or improved
technologies, in order to select from among them at the
appropriate time.

Human Heaith & Performance
during interplanetary space flight

Basic Elements
Nutrition (adequate, appropriate, appealing}
Rest (avoid chronic tatigue)
Exarcise (fitness. recreation, motivation)
Humtan Pedormance {psychosooial, workioad, human-robotic inferface, &
circadian factors) -
Habitability including exira-vehicular activity, advanced life support, &
enviranmental health.

Countermeasures & preventive measures for deleterious
physiclogical effects

Diagnosis of new or pre-existing conditions

Treatment subsequent to diagnosis

Research directed towards fullilling all of the above
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Space Medicine

in-flight debilitation, long-fonn O
failure to recover, clinical ; mwmal
capabilities, and skill relention Care

Advanced Life Support
atmosphere, water, thermal
control, logistics, waste disposal

slerence Risk Elements & Categories

- mass, strength. endurance, and
atrophy

Neurovestibular Adaptations

monitoring and perception anars,
postural instability, gaze deficits,
fatigue, loss of motivation and

conceniration

Environmental Health H
= atmosphers, water, . iinman
contaminanis = W Environment |8
 Planetal Extra-Vehicular ‘ & = H
it Technology eaith &
dust, suit design, semceab:my P
Radiation Effects erformance
~ carcinogenesis, CNS damage,
fertility, sterility, heredity
Human
Human Performance _ Efﬂﬂ??{‘ffm%
psychosacial, workload, sieep Periermance
Risk Elements & Categories
(continued)
Bone Loss
fractures, renal stones, 0steoporosis,
drug reactions
Cardiovascular Alterations
dysriythmias, onthostatic intolerance,
oxercise capacity
Nutrmon “uman
M Human “
‘infection, carcinogene: . Ph?iuifs?!)‘l?}‘;nt ealth&
healing, allergens, hemodynam:cs ; P
Muscle Alteration : eriormance
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Why Mars?

lesign

LaocoMission

T from the life sciences perspective

Mars round trip

Earth & Mars aerobraking
1g. =% 0Og

0g —* 1/3g
1/3g —» 0Og
Og =" ig

Mars: frequent Mars surface
EVAs, possibly daily :
Mars: spacecraft, terrestrial, &

extraterrestrial toxins
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Possible Future Mission Scenarios:
Low Earth Orbit, Lunar, and Planetary

In Space Planetary
Surface
100 Days | LEO: STS,ISS~ Moon
| Libration
| Points
1000 Days Libration Mars,
Points asteroids,

comets




s jeference
coeoiission

Possible Future Mission Scenarios:
Low Earth Orbit, Lunar, and Planetary

g lesign

. Asteroids,
Shuttie 1SS Moon L-1 Point Ners o
Duration wp to 18 days| 36 norths W to 100 days Up to 1000 days
GrTrarsitions 2 4 2 4 2
Hypograty 0 116G 0 183G 0
Attficial Granity No Possible
. Some Some shielding
Reciation Envirormert swdedggmm shisdingby | Ustielded | byMarsrmess | Unetielded
Mboris mess and amosphere
Abort to Earth Time Hous ~4days Months
RescueOptiors | Mrimel | Possible Mrinel
Potentid Toxirs off-gassing, lesks, etc.  +local nreterialdoff-gassing, etc]  +local meterials, biohezards
Treurra Potertid + |+ | + S %

Jesign - -
. weece Human Space Flight Experience

(Includes flights longer than 30 days as of April 1999)

The majority of
human space flight
missions are 4-6
months in duration

_ Ajddmey to Mars will |
. require a mission of &
30 months duration

Subject Count

Flight Duration (months)




Arrival

0, 2014

2014

Human Mars Mission Trajectory
(typical)

Flight Profile
Transit out: 161days
Mars surface stay: 573 days

r:,_:,;:’ Earth Anival
4 dune 26,2016

b, Mars Perihelion

mber 10, 2014

Vehicle Concepts
based on the Triconic Aeroshell

. Mars crew landing vehicl
. Mars surface habitat :

Cargo vehicle
. arrives at Mars before
« delivers Mars ascent vehic!
and ISRU plant fo Mars
surface .

ns-Earth vehicle
. Eanh return vehicle
“« arrives at Mars before crew
. waits in orbit around
transport crew hom




g Reterouto Mars Infrastructure

sNssMission pre-positioned for the first expedition

Mars Surface

Mars orbit - — SRS T, S

Earth 7
orhit /

Earth surface

i Jesign

o Logistics for the Mars Expedition

Mars
surface

Mars
orbit




a Stack starts in LEO

TMi Chietn slage

ow Earth orbit
h gh Earth orbit

Stage 1: transition from LEO to HEQ

Solar Electronic Propulsion

i Van Allen belts

crew & stack transition
from HEQ te THI

Mars transit habitattander

SER: solar
TMIE trans-

1o S EF T, packae
ov.. 1987

Jesign
glerence
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Abort Scenarios
for Design Reference Mission

; saorm Earth” untiuns arevm limited

rans-Mars Injection (Earth-departure maneuver .
impulsive propulsion (nuclear-thermal, chemical) may.
prohibit abort within hours or days of TMI :
Low-thrust propulsion (solar»electric plasma) /f availabli
after TMfmay permit abort, but only with fong return tn &
lasting weeks or months |

Mrssed Mars orbit insertion or direct entry _
© Maus fiyby may result in multi-year retun to Earth that is

. similar in duration to nominal raission

“Ahortto Mars”
G support and other resources akeady

ars environment provides the most safety
~ after Earth (offers radiation shield and partial
gravity)




aeraobraking |
Bmin), ¢ {min);
T fmind . parachute
i braking
(30s);
powered
de.mem(SOs;

| 4-6 months |

‘ months

}

i
i
l
k
(!
1
e
|
|

.
Oglo13g

TMI: trans-Mars injection
TER trans-Earth Injechion

’ Earth
»Tranﬂt Landing

Og 359

| boost phase | 45 | asrobraki
(min}; )months@ {mn;
TE] (min) | | parachute
o | ;braking (min)

'

52 2.24 months| g26 30 months
(

} i

Impacts

of Extended Weightlessness

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

Bone loss
no documented end-point or
adapted state

. countermeasures in work on
ground but not yet flight
tested

Muscle atrophy

resistive exercise under
evaluation

Canfiovascular alterations

phamacological treatments
for autonomic insufficiency

Neurovestibuiar adaptations
vehicle modifications,
including centrifuge
may require auto-land
capability

10
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Artificial Gravity (AG)

Jesign
} {eierence
bois oo Mission

Artificial Gravity (AG)
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Artificial Gravity Considerations

€an artificial aravity preserve physiclogical function
' during long-turation missions?

Actions needed to accomplish Mars mission transit

Vigorously investigate AG to reach a consensus about AG for
Mars mission ‘
Explore current approach: AG may be used o pre-adapt crew 10
Mars gravity (outbound) and re-adapt to Earth gravity (inbound):
provides extended physiological protection from 1 g
eases transition throughout 1/3 g exposure
requires AG capability of 1 g outbound and inbound Potential protection

Define parameters for optimal g level afterded oy AG
inifiate benchmark studies based on best guess 82% | lavels

> protective effects (ifany) ol 1/8¢g
o B iy

no data if @ » 10 mpm

Mars | Mars
Surface | Laumch

monttis

L Cumulative f | 4% | 2630
| Expesare | hours-days | | months | months | | months

GCR: galactic cosmic radiation
SPE: sular particls svents
SEP: solar giectric propulsion




Facilities must be mostly aulonomous
{one-way Eartii-Mars communications time is 3-22 min

Health care functions

Nutrition
Exercise
- Psychological support
planned activities
«entry/landing simulations
housekeeping
telresher training =
eruise science (rove
operations/site
preparation, v
microgravity, astronomy,
and biomedicine)
communications
reliable contact with.
mission control, family, &
friends i
Health Care
autonomotls care
lemedicine

onstance Adamd and My Kaonedy 100 e 50 TransHab Team

Exercise &
conditioning
for Mars

Maintenance & |
housekeeping
{including
. workshop)

| I Human Factors and Habitability

on

The following require engingering

solutions: -
+ air purifier ' ﬂmlmal
+ water purifier .
+ particulate analyzer : iman
» microbial analyzer L
« waste manager/recycling ’ “eaﬂh &
+ food storage - ' , _ P
» food processor ' - eriormance

+ clothing manager (e.g., washing machine)
+ lighting levels = r'
intensity (threshold fevel)
periodicity {circadian thythmicity)

13
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ission
Mars Surface Phase
[post-landing through pre-launch)

Assumptions ahout ‘ ars surraw !Il'am

_ Challenges
Physical
g-transition (first few days only?)
.+ prolonged exposure o 1/3 g
: hagh»m’tensnty surface aciivity

 suriace frauma risk
Communlcatlons no real-time MCC support
(one-way communications: 3-22 min.)

crew highly autonomous
. Earth monitoring for trend analysis only

EMU: extra-vehicutar mobility unif
MCC: Mission Control Center

Interplanetary
Trajectory Trades

Key Parameters Affecting Aeroassist: DRM V3.0
Earth-Mars 2014 Opportumty Crewed Launch

TWiBehaVys. TransitTime mmswamtmmmc

’.:‘33
E
&
-
&
&
o
=
o

Mérs Entry Velocity (km!si

140 160 o8 y 185 180 200 220
Transit Time {days) L ! S Trtmwr Time ld”xy»)

= Choice of launch date and trip time have sngnmcant impact on TMI DV and Ve at Mars
= Non-optimum TMI DV trajectories can reduce Mars entry velocity 0.7-1.2 km/s with 2-6% increase in
TMI DV

POC: E. Lyne {U-Tann), M. Munk (J5C) Data trom JSim Amoird, Dac. 18 164
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Possihle
Mars Landing Sequence

Possihle
Parachute Deployment
Sequence

15




Peak Physical Challenges
Strategy for Mars Surface Operations

Anecdotal evidence suggests only ~50%. ot
Russian Mircrewmembers are ambulatory with
assistance immediately after landing, increasing
to nearly 100% within hours

Background |

- Only 3 out of 6 Mars crewmempbers are

] rs crewm
| Asm ambulatory immediately after landing

Start with passive tasks inside vehicle and

progress to strenuous tasks on surface
First 1-3 days activities fimited to reconfiguration of
lander/habitat and surface reconnaissance
Then, conduct first Mars walk(s} in vicinity of lander
{umbilical instead of backpack?}
Next, use unpressurized rover for eady, shorter excursions
After a week or more, extended excursions are possible

Strategy | 2

Mars Surface Stay Requirements

7

- Autonomous facilities

- GCrew health care
Radiation Protection
Medical Surgical care
Nutrition ~ Food Supply
Psychological support

meaningful work

surface science Hahitat

planetary
biomedical.
simulations of Mars launch,
trans-Eaith injection, and
contingencies
progressive debriels,
- sample processing, efc.
- housekeeping :
communications capability

HRET. humar-robotic exploration team

Maintenance/housekeeping

workshop with HRET
capabililies
- Exercise supplemental to
Mars surface activities
Recreation
Privacy




:.‘égggc. Life Sciences on
the Martian Surface

Perinnic (menthiy?] health checks for:
bone integrity
cardiovascular/cardiopulmonary funcnon
musculoskeletal fitness

 hematological parameters

uaaltn”alssnsmdnts will also serve as anplied research:
probably tonges’t period away from Earth to date

 probably longest exposure to hypogravity (1/3 g)
environment to date

Interplanetary
Trajectory Trades

Key Parameters Affecting Aeroassist: DRM V3.0

e ———

4
oy
=
g.
2
W
o
2N
z
w
£

i

= Choice of launch date and trip time have significant impact on TEI DV and Ve @ Mars
= Increasing trip time reduces both TEI DV 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

PO E Loma (U Tanni M Munk (18C) Dain

Yom fim Amela. Dac 1§ 1997
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Earth Return Transit Regquirements

. numnnmeus !aci_
{one way Earth-Mars communicat
Crew health care
- Nutrition
- Psychological support
meamngfut work
“simuiations of E
contingencie
debriefs, reportin
mvesttgator /
- housekeeping
__cryise sclence .
_ Mars sample analyss. .
mmogravrty astto

Gonceptualization of crew
finarters

workshop v
Exercise - suppfemema
Recreatlon .
Privacy

Space Medicine Issues

Projected rates of illness or injury

“over, and military aviation experience:

forson/year

person/mission

Inctdence of significant illness or injury is 0.06 per person

Subset of m;unes or mness requmnq mtenswe oare support ;
02 per person per year .
Expected ineidence is 0.50 per person per year, abou’s

18




Reports of iliness and injury
during space flight

ciience Uncertain

_ - [>a0% _ infectious disease
« skin rash, irritation e  cardiac dysthythmia,
+ foreign body - e
« eye irritation, comeai e oXiC exposure
abrasion . 5 [ W psychological stress,
. headache, backachs " ippss
_congestion -
« gastrointestinal dnsturban e * : 10]
+ cut, scrape, bruise g : /| unnary tract infection
muscutoskaletal strain S ¥ .4 spinal disc disease
sprain L p— unplanned radiation
-+ fatigue, sleep dlsturb : ’ .
.« space motion sickne
-+ post-fanding orthost
intolerance Conceptualization of crew healthcare &
+ post-landing . exercise facilities
_ neurovest:bular sympt ms

Datn from R Slion dan B 1538 BV e Sotitanes Adime and Kibi Resnady for tha JBC Tisisnad Tein

Crew Health Gare Facility

non-invasive diagnostic capabilities for
medical/surgical care
“smarl’ systems
non-invasive imaging systems .
’ defmnwe surgical therapy éncludm obo’u

blood rep!acement therapy
laboratory support

Telemedicine

preventwe health care
- diagnostic/therapeutic capabilities from ground -based consultants

19




~ Mars Design Reference Mission
requires utilizing novel technologies
that allow human adaptation to:
» interplanetary space travel
planetary habitation

" mission duration
type of propulsion system

« The integration of human and robotic
activities will be a critical determinant
“of the success of planetary exploration

Jesign 3
Jiptoretce onciusions
- Mission

The human element is the most complex
element of the mission design

Mars missions will
phySIO]OQlCEd and psychological challenges to
crew members :

Human engineering, humén robotic/machine
interface, and life support issues are critical

The Critical Roadmap Research Path is required for
issues that may be show-stoppers (bone, radiation)

- The 1SS platform must be used to address exploration
issues before any "Go/No Go" dec;snon

A significant amount of ground -based and specnahzed flight
research will be required - the Critical Path Roadmap project will
direct our research toward exploration objectives
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