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ABSTRACT

The Mars Society has established a Mars
Arctic Research Station (M.A.R.S.) on Devon
[sland, North of Canada, in the middle of the
Haughton crater formed by the impact of a
large meteorite several million years ago. The
site was selected for its similarities with the
surface of the Mars planet. During the Sum-
mer 2001, the MARS Flashline Res :arch Sta-
tion supported an extended inirnational
sirmulation campaign of human Mars explora-
tion operations. Six rotations of six person
crews spent up to ten days each at U MARS
Flashline Research Station. Intcrnational
crews, of mixed pendar and professional
qualifications, conducted various iusks as a
Martian crew would do and perforr.ied scien-
tific experiments in several fields . Geophys-
ics, Biology, Psychology). One of tl:: goals of
this simulation campaign was 10 .ssess the
operational and technicul feasibiliiy of sus-
faining a crew in an autonomous habitat,
conducting a field scientific rescarch pro-
gram. Operations were conducted as they
would be during a Martian mission, including
Extra-Vchicular Activities (EVA) with spe-
cially designed unpressurized suits.

The second rotation crow condu.ted seven
simulate.. EVAs for a tital of 17 hours, in-
cluding “.iotorized EVAs with /] Termain
Vehicle:. w perform ficld scientiic experi-
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ments in Biology and Geophysics. Some
EVAs were highly successful. For some oth-
ers, several problems were encountered re-
lated to hardware technical failures and to
bad weather conditions.

This paper presents the experiment pro-
gramme conducted at the Flashline Mars Arc-
tic Research Station, the problems encoun-
tergd and the lessons learned from an EVA
operational point of view. Suggestions to im-
prove foreseen Martian EVA operations are
discussed.

INTRODUCTION

The Mars Society! is a non-profit private or-
ganization whose purposes are "io further the
goal of the exploration and settlemtent of the
Red Planet by broad public outreach to instill
the vision of pioneering Mars; by supporting
ever more aggressive government [unded
Mars exploration programs around the world;
and by conducting Mars exploration on a pri-
vate basis," In this framework, The Mars So-
ciety has cstablished the Flashline Mars Arc-
tic Research Station (M.A.R.S.) in Devon

Island, Nunavut, North of Canada, at a lati--

tude of 75 degrees North, well in the Arctic
Circle. The Flashline MARS station is situ-
ated on the edge of the Haughton crater?
which was formed by the impact of a large
meteorite 23 millions years ago. The strange
geology and ecology of this site and the harsh
climatic conditions make this part of the
Earth surface as close as one could expect to
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4 Martian environment, except for the pres-
ence of a breathable atmosphere. Arctic wild
tife, including polar bears, is the only sign of
life on this island. The interest in using this
Mars analog on Larth was recognized by
NASA several vears ago. Several research
programs were mitiated by the NASA Ames
Center and the SETI Institute under the um-
brella of the NASA-Haughton Mars Project
(HMP),

During the Summer 2001, the MARS Ilash-
line Research Station supported an ext:nded
international simulation campaign of human
Murs expleration operaiions. Six rottions of
six person crews spent from four to ten days
each ar thc MARS Flachline Research Sta.
tion. Internutional crews, mixed in gender and
in professional qualifications, conducted
various tasks as a Martian crew would do in-
cluding scientific experiments in several
fields (Geophysics, Geology, Biolcay, Psy-
chology, ...). One of the goals of thi: :imula-
liun campuign was (0 assess the operational
and technical feasibility of sustaining 4 crew
in an autonomous habitat, while conducting a
field scientific research program. Operations
were conducted as they would be during a
Martian mission, including Extra-Vehicular
Activitics (EVA) with specially designed un-
pressurized suits, _

Water on the surface of Mars exists in its
solid forn in the polar Gups, but can ot exist
in its liquid form due 10 the low Martian at-
mospheric pressure. However, it is suspected
that liquid water could exist under the surface
possibly as underground pockets or trapped in
rocks. Detecting liquid water under the Mar-
tian surface at a depth aceessible 10 a human
crew (from several to a few hundreds meters)
1$ important for two main reasons. First, un-
der the adage "Find the water, and you nsay
find life", detecting liquid water would in-
crease the chances of finding evidence of past
ar present life, possibly in a bacterial form
somehow similar to terrestrial extremophiie
bacteria. Second, water sources dctected
close to » first Martian human settlement
could help to sustain the presence and opera-
tions of the human crew in ternis of
consumption and fuel generation.
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To prepare for this kind of operation, one of
the experiments during the Flashline MARS
Summer 2001 campaign was proposed by Dr
P. Lognonné (Institut dv Physique du Globe
de Paris, IPGI), Dr V. Dehant (Royal Obser-
vatory of Belgium, ROB) and Dr V. Pletser
(EBA). This experiment "Subsurface water
detection by seismic refraction” aimed at as-
sessing the feasibility of conducting an active
seismology experiment to detect the potential
presence of subsurface water. It can together
with a Ground Penetrating Radar, provide a
sounding of the subsurfuce allowing to iden-
tify conductive liquid (c.g. salty water) from
rocks or non conductive liquids (e.g. liquid
COy). A line of 24 seismometer sensors was
deployed in several directions on the surface
of the edge of the Haughton crater to record
seismic signals generated by a mini-quake,
somehow similar to experiments conducted
on the Moon4. The seismic instrumentation
was provided by the IPGP. Signals were re-
corded for later analysis for characterization
of the Haughton crater structure.

One of the goals of this Martian mission
simulation was to assess the feasibility of
condueting field aperations in an EVA made,
with operators wearing unpressurized EVA
suits and interacting among themselves and
with a control centre using portable radio.
During operations of this geophysics and
other experiments, several technical and er-
gonomic problems were encountered and are
reported and discussed here in order to pro-

vide first hand inputs to improve Martian

EVA scenarios and approaches.

METHOD, INSTRUMENTATION AND
PREPARATION OF THE GEQPHYSICS
EXPERIMENT

The proposed geophysics experiment relies
on the general principle of the seismic refrac
tion method, in which a wave generated by a
seismic event and prop:gating in the pround
is reflected on and refr: :ted along the inter-
face between two undcerground media. Re-
flected und refracted signals are recorded by a
set of seismic sensors connected to a seismo-
graph. The analysis of the recorded signals
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allows to separate the signal refl..ted and
refracted components. To characwrize the
underground media, only the refracted com-
ponents are considered for detailed analysis,
providing information on the propaguting
speed, the depth and geometry of the inter-
face and the nature of the encountered madia.
More details can be found in®6.

Twenty four seismic sensors, called geo-
phones, were installed every four meters in
linear array, called a geophone flute. The
geophone line was connected via data cabling
to a4 Seismograph Acquisition System (SAS).
Mini-quakes were generated by using either a
sledge hammer on a metallic plai¢ or a geo-
physical thumper gun.

The experiment was conducted in several
steps. involving ten successful test shot re-
cording in stacking mode for each of six test
configurations in the selected arca. SAS re-
cordings were started by a trigger geophone
installed close to the source seismic event.
Three test configurations required the ling of
24 geophones to be installed in one direction,
the other three test configurations required
the geophone line to be installed in the per-
pendicular direction. The three test configura-
tions differed by the location of the trigger
geophone and the quake source: in the mid-
ale (lest 1}, at one (l'est 2), and the other ex-
tremity {Test 3) of the geophone line.
Recorded sipnals were viewed on the SAS
screen display between the shots to assess the
acquisition and the quality of the recorded
signals. After completion of the tests, data
were transferred to floppy disks for fucther
detaiied analysis.

All seismic equipment was lent by the IPGP
Laboratory. One of the Investipators, who
lead the field operations at the Flashline
MARS Station, was trained in using the in-
strumentation at the Geophysical Research
Centre of Garchy, France, one month prior
the Flashline MARS campaign. Step-by-step
nominal und off-nominal troubleshooting
procedures were preparcd and rehearsed, A
GPS systera and shot shells were assumed to
be availabie at the Flashline Mars station.
The instrumentation, totaling 130 kg, was
packed in three containers and shipped 1o
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Canada for delivery to the NASA HMP Base
Camp on Devon Island. The mass however
could be reduced to a few tens of kg and is
therefore compatible with payload constraints
of future Mars missions.

FIELD EXPERIMENTS DURING EVA'S

Characteristics of the six simulated EVA’s are
reported in Table 1. The six EVA's lasted in
total 17h30 with an average of aproximately
three hours each, some EVA's were pedes-
trian, some others were performed with All
Terrain Vehicles (ATV's), a sort of four-
wheel trail motorbike, allowing to cover lar-
ger distance, up to several tens of km.

Regarding the geophysics experiment, the
operations of geophone line deployment and
quake generation with a sledge hammer are
mildly physically demanding in normal con-
ditions. However, it was not known a priori
whether the experiment would be feasible
under EVA conditions and with operators
wearing simulated Martian EVA suits.

A first dry run was conducted in the after-
noon of Tuesday 10 July, before the rotation
2 crew entered into the Mars Habitat, The
three instrumentation containers were trans-
ported in a trailer pulled by an ATV. Three
persons (R. Zubrin, K. Quinn, V. Pletser) de-
ployed the 24 geophone flute line in the
Hayncs Ridge plain, on the odge of the
Haughton crater, a few hundred meters away
from the Mars Habitat. This deployment di-
rection was approximately perpendicular to
the crater rim. This dry run was made to ver-
ify the instrumentation and to train the other
crew members who would be involved in the
experiment during future EVA's. A single
point was measured with the trigger geo-

phone and the seismic source located in the

middle of the geophone line.

A first pedestrian EVA took place on
Wednesday 11 July for a biology experiment,
consisting of searching and collecting rocks
with some potential biological signification
(e.g. including fossils). During the second
EVA on Thuarsday 12 July, a three member
EVA crew (R. Zubrin, XK. Quinn, V. Pletser)
conducted the seismic experiment during a
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tour hour EVA in poor weather conditions
with rain and wind (see Fig. 1). The 24 geo-
phone flute line was deployed in the Haynes
Ridge plain, in front of the Flashline MARS
Habitat, The geophone flute was laid in a di-
rection approximately parallel to the Haugh-
ton crater rim. This direction was chosen as
being perpendicular to the direction of the
flute laid in the previous dry run trial. The
geophones were spaced every 4 m. Three
lesis were conducted with the trigger geo-
phone triggered by quakes created by sledge
hammer shots. Locations were measured us-
ing a hand-held GiPS receiver. The geophones
were tested individually and automatically
prior to conducting the first Test and were
found in functioning conditions. In order to
improve the signal to noise ratio, tests were
conducted in a stacking mode with ten ham-
mer shots for each test. Data were recorded
amd topped in the SAS fui luter treatment and
assessment in the Habital to obtain first re-
sults.

A first glance analysis in the Mars Habitat of
data showed” that the average underground
signal velocity was approximately 2600 m/s.
No underground water was detected, despite
the humid conditions prevailing at the sur-
face. Averuge velocities of wave transmission
for water are catalogued between 1450 and
1500 m/s for liquid water and between 3300
and 3800 m/s for ice. The average velocity
deduced from test results is consistent with
Calcium Carbonate and Dolomite (catalogued
range: 1200 to 7000 m’s), which is com-
monly found in this area. Sounding extended
to vertical depths in excess of 550 m, a depth
likely greater than drill which might be fore-
seent ot Mars in the few next decades, A
deeper sounding could easily be reached by
using sufe explogive sources, cither shot shell
or binary storage explosives.

The third 1hree hour EVA took place on Sat-
urday 14 July to deplov radio-biology do-
simeters at Breceia Hill und Trinity Laks in-
side the Huughton crater (see Fig. 2). ‘’hile
ot EVA with the ATV's, four other potuntial
locations for deployment of the seismic ex-
periment were visited, respectively close to
Trinity lak., at the bottom of a small vatlcy at
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the intersection of two small rivers, on the
inside rim of the crater, and on the crater ex-
ternal rim. The fourth two and half hour CVA.

expedition on Sunday 15 July was a scouting

EVA to find other potential locations to dew -

ploy the seismic experiment into the Von
Braun Planitia, 2 few km away from the Mars
Habitat and the NASA-HMP Base Camp. It
was hoped to conduct the geophysical sound-
ing of a pingo (a mass of water ice in the
ground), but it was not sure if there were any
at 4 reachable distance with ATV's. Two po-
tential locations were found which were not
too muddy nor covered by too muany loose
pebbles and rocks.

After assessing the merits and disadvantages
of the several locations visited, taking into
account the potential seismic interest, the ac-

" cess possibilities of ATV's with the 130 kg

instrumentation trailer, the terrain conditions
(rather muddy in some places due to severe
tains in previous days and weeks), it was de-
cided that the fifth EVA of Monday 16 July
would take place in the Haughton crater. It
would be the most ambitious EVA planned,
with deployment of the geophone flute in two
perpendicular directions in the Haughton cra-
ter, and with six series of meusurements, in-
cluding ten shots with the sledge hammer in
stucking mode aud vie with tie geophysical
thurnper gun at each of the six locations. The
four member EVA crew (R. Zubrin, W,
Clancey, C. Cockell, V., Pletser) left for the
crater in the morning. While inside the
Haughton crater, the trailer with the 130 kg
instrumentation got stuck in the Arctic mud
to a depth of half a meter. More than one
hour was spent pulling the trailer out with the
other ATV's (see Fig. 3). In view of the ex-
haustion of all crew members and the degrad-
ing lerrain conditions, it was decided to abort
the EVA and to return to the Habitat. On the
way back, the instrumentation twailer got
stuck a second time in the mud and was sal-
vaged again only after quite some time. This
EVA lasted eventualiy three and half hours,
unfortunately without any results.

The sixth and last EVA took place on Tues-
day 17 July and lasted two and half hours. It
was agein 2 three pordon EVA (R, Zubrin, K.
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Quinn, V., Pletser) to deploy the geophone
flute in the Haynes Ridge plain, in front of
the Flashline MARS Ilabitat, at the same lo~
cation of the deployment during the second
EVA. The peophone flute "vas laid in a direc~
tion perpendicular to the one of the second
EVA. approximately perpendicular to the
Haughton crater rim, {.e. the same direction
as for the dry run of Tuesday 10 July. Three
lests were again conducted and GPS locations
were jogged. This final series of meusure-
ments allowved a complete characterization of
the three dimensional underground structure
of the Havones Ridge plain in front of the
Mars Habitat. After completion of the test,
data were recorded and wansferred to disk-
ettes for later analysis. All equipment was

packed into the transport containers, for

shipment on the evening return flight,

OPERATIONAL LESSONS LEARNLD

During the three EVA's dedicated to the de-
ployment o' this seismic experiment, and two
other scout'ag EVA's to search for potential
experiment locations, soveral observations
could be made from au operational view
point. These are believed to be important les-
sons learned that should be considered when
planning future missions to planct Mars and
preparing scientific expeditions on the sur-
face of Mars by the first human crews.

The lessons leamned during these EVA's fall
in four categories: (1) Operator skills, (2)
EVA suit and supporting technical equip-
ment, (3) iirgonomy of instrumentation with
EVA suit compatible interfaces, (4) EVA
crew member hierarchy and leadership.

The design of the EVA suits is not com-
mented here in detail, but only those aspects
affecting the performance of the experiment
are reviewed.

Operator skills

Truining
To succesufully conduct a field scientific ex-
periment requires amony other things expert
knowledge, training, adequate and working
instrumentation and favorable weather and

A
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terrain conditions. This is an obvious stare-
ment. I owever, a multidisciplinary crew, like
thosc vho would eventually be sent to Mars,
would be composed of scientists and engi-
neers in different scientific and technical
fields. Being an expert in his own field, a
crew member needs also to be trained at an
adequate field working level in other disci-
plines. In this respect, the dry run conducted
betore entering the Mars Habitat on Tuesday
10 July proved to be more than helpful in re-
viewing the instrumentation and in training
other crew members to use the instrumenta-
tion and o follow the experiment procedures.

Expert knowledge

This specific experiment required the installa-
tion of 24 geophone sensors, the deployment
of more than hundred meters of cabling, more
than 50 data electrical connections in the ap-
propriate order, the keying in of the appropri-
ate settings in the SAS computer, and the
testing of all sensors and connectians hefore
eventually conducting the experiment itself,
All the installation, laying out and prepara-
tion of the instrumentation took more than
80% of the time, with the remaining less than
20% of time needed for the experiment per-
formance itself. 1t is therefore of paramount
importance to properly prepare, optimize and
discuss all operations during briefing prior to
starting the EVA. It means also that in the
field, the location of the experiment needs to
be properly assessed and decided by the rele-
vant discipline experts having the necessary
scientific and field know how. It is therefore
crucial that the relevant scientific and techni-
cal disciplines should be represented among
the crew members and that scientists with
proper qualifications should be selected to be
part of human erews for such space missions.

Physical exhaustion
The experiment performance under EVA
conditions was very physically demanding.
Crew members at the end of EVA's were
quite exhausted, not only due to physical ac-
tivities while wearing EVA suits, such as
transporting heavy cquipment, walking over
long distances carrying part of the instrumen-
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tation, handling the sledge hammer, and so
on, but also due to riding the ATV's with
EVA suits and overheating despite the ambi-
ent Arctic Summer conditions (with tempera-
tures ranging between 5 and 10 deg. C). This
has a direct consequence on the choice of
conditions for the several month interplane-
tary travel between Earth and Mars. An inter-
planetary flight under microgravity condi-
tions would have well-known debilitating
effects on the musculo-skeletal system to a
point where a human crew after landing on
Mars could no longer be engaged in physi-
cally demanding scientific activities like this
seismic experiment. Therefore, the design of
an interplanetary spacecraft should foresee
some sort of artificial gravity system for the
Earth-Mars leg of the mission, even if it is at
a partial earth gravity level, for example a
Martian gravity level of 0.38 g,

EVA and supporting technical equipment

Communications in degraded mode
During ficld operations, communications
among EVA crew membcrs and with the con-
trol centre (the Mars Habitat in this case) are
of paramount importance, for safety reasons
[irst, but also to properly conduct the experi-
ment. A portable radio system allowed com-
munication between EVA crew members and
with the Habitat bage. Unfortunately, this
portable radio system failed regularly and on
nearly all EVA's due to either battery prob-
lems (insufficiently charged, or locsing their
charge because of cold temperatures), or ac-
cidental disconnection of ¢abling due to talls
or arm movements, or stuck buttons when in
PTT (Push To Talk) mode, ur impruperly
set ot shifting gain in the Vox mode (voice
activated communications). When this hap-
pened, close range communications between
crew members were conducted verbally by
shouting through helmets with helmets in
contact, This degraded communication mode
could be aiso tried in the thin Martian atmos-
phere. At further range, unrehearsed hand
signals we:s used in a very limited maoner,
During the experiment performance, at more
than onc instance, arm signals were also

i
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nominally used between the SAS operator
and the sledge hammer operator to signal
stand-by for acquisition (e ann raised) and
ready for acquisition (both arms raised). For
future simulation campaigns, it is suggested
1o use a different interface design for the PTT
activation mode (see further). Furthermore,
regarding crew training, communications are
more efficient among crew members who
know each other and who experienced similar
situations, Effective crew inteructions should
not only be verbal but should also be effec-
tive in simplified modes (hand signals, eye
contacts, body signs,...) such as those com-
monly wed in high stress sports (underwater
diving, parachuting, piloting, ..). These
communication skills in degraded modes
should be considered when selecting and
training a Martian human crew.

Impzired vision

When wearing the EVA suit helmet, vision
was impaired in particular conditions in three
cases. The lirst one occurred while setting up
the SAS on the second EVA of Thursday 12
July in poor weatber conditions (rain and
wind). The SAS operator, unknowingly in-
correctly operated the brightness control of
the SAS screen display. The screen visibility
was further impaired by straylight and multi-
ple reflections inside the spherical helmet,
which was further aggravated by rain drops
on the helmet. In normal conditions, the
screen brightness is sufficient to neglect
straylight and multiple reflection, but this in-
cident showed the importance of improving
the visibility of the helmet material and
shape. A flat transparent surface in front of
the face (or at least a portion with a larger
curvature radius) could be considered to im-
prove the helimet in this respeet.

The second case was mud partially covering
the helmet impairing sometimes drastically
the vision, During the fifth aborted EVA on
Monday 16 July, nearly all EVA crew mem-
bers fell several times in the mud. Their hel-
mets were covered to various extents by mud
(see Fig. 4). Wiping them with gloves (also
covered in mud) was obviously ineffective.
This was also true 10 a lesser exlent during




other EVA's while raining; wiping helmets -
with dirty or dusty gloves resulted also in
muddy strains across the helmet vision field.
This could have resulted in safety issues, es-
pecially while riding ATV's at the end of
[V A's. Rain and mud would obviously not be
a problem on the surface of the planet Mars.
However, this situation experienced several
times is relevant for Martian wind and dust,
that could eventually cover the helmet of a

~Martian EVA suit. A system should be de-
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signed such as to allow cleaning of the exter-
nal surface of the helmet in the vision field of
the EVA crew member, either with a special
brush mouated on the arm of the EVA suit, or
a mechanisim of screen wipers (like on cars),
ot & system of several transparent layers ad-
herent to the helnet exiernal surface that
could be peeled off by the EVA crew member
(somehow similar 10 the goggle system used
by motocross riders).

The third case, more common, was fogging
of the inside surface of the helmet due to per-
spiration or exhalation. One crew member
(V. Pletser) during the first EVA on Wednes-
day 11 July had to eject water with the mouth
after taking a sip from the drinking outlet
valve (o wash out the helmet inside surface.
Another crew member (R. Zubrin) suggested
4pplying a line layer ol liquid soap befure
EVA's, which was sufficiently efficient.

Liownward vision in the sagittal plane
[n addition. the helmet design is such as to

provide a nearly 180 dey. vision in the hori-
zontal plane and a more than 90 deg. vision
angle mn the sagittal plane, from slightly be-
low the horizontal plane upward, This angle
meant that it was impossible 1o look at one's
own chest, where some of the controls for the
radio were mounted. It was also difficult to
look at the suit pockets. Although difficult to
be implemented, the design requirement for
an EVA hclmet should b to provide a larger
downward vision angle . the sagittal plane
as close as possible to the of normal vision.

Reur vision
Rear vision was also exs  nely difficuit, as-
pecially while riding AT s, To lovk behind
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oneself while walking or standing, a crew
member had to turn the torso, which was not
easy with bulky EVA suits, or v turn cosis-
pletely on himself or herself. This obviously
is not possible while riding ATV's. The situa-
tion could be improved by mcunting rear
view mirror(s) on the ATV's, or, bettcr, in-
stalling a mirror on the arm of the EVA suit,
like one of the EVA crew members (K.
Quinn) did using a bandheld mirror and some
sticky tape. The design of arm mirror actually
exists on orbital EVA suils used by Russian
cosmonauts and US astronauts on the Mir
and the ISS space stations,

A Martian GPS system ?

Lastly, for the purpose of this seismic ex-
periment, the use of a handheld GPS system
proved to be very useful. Furthermore, most
of EVA expeditions with ATV's conducted
later on relied heavily on GPS, A similar GPS
system should be considered for future Mars
missions. The installation of piggyback GPS
satellites om presently considered Martian
spacecrafts that once in orbit around the
planet, would create a simplified Martian
GPS constellation. This would greatly en-
hance the safety of the first human crews and
ease their field operations and expeditions.

Ergonomy of instrumentation with EVA suit
compatible interfaces

Problems encountered
The instrumentation (geophones, data ca-

bling, SAS, handheld GPS) used for this
seismic experiment was designed to be used
on earth in normal field conditions and not
adupted for use with EVA suil ploves, Sev-
eral ergonomic problems were encountered
which need to be addressed, although these
have most likely already been foreseen and
solved by space mission designers.

The use of bulky gloves caused difficulties
lor the Jollowing categories of operations:

(1) pushing keys on SAS keyboard and on
handheld GPS, activating switches, activating
radio push button in PTT mode, opening and
closing locks and manipulating handles on
transport containers;

e s e _—— -
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(2) plugging / unplugging certain conncetors
(requiring twrning a security ving on coinnec-
tors), adjusting 1otating vadio sain buttors;
(3) unrolling / rolling data eicctrical cables;
(4) writing with pens, manipulating diskettes
for data back-ups, holding procedure book-
lets, turning pages {especially when raining),
The use of bulky boots also caused difficul-
ties in certuin cases, such as when changing
gears on the ATV,

Turn-around solutions

Tum-around solutions were found each iime
and implemented, but often at the cost of car-
rying exira equipment and extending the op-
eration time. The obvious solution to cate-
gory 1 operations was to use an extra tool
(e.g. screwdriver) to activate keys on key-
boards and switches. One crew member (K.
Quinn} improved the ideu by taping a small
surewdriver on her index {inger 10 push keys
on her handheld GPS. Radio push buttons in
PTT mode were too small to be properly acti-
vated with one gloved finger and resulted of-
ten in a two hand operation to bring the but-
ton box in the vision field to ascertain that the
button was properly depressed.

The solution for category 2 operations was to
use another tool (pliers) 1o tum connectors,
especially those not having space around
them, beiny too close to other connectors or
box edges to allow manipulation with gloved
f”m;;,ers Adjusting the rotating radio gain but-
ton in the Vox mode was found difficult and
resulted often in a loss of radio contact; no
solution could be found except to wic the
PT1 mode on the following EVA.

Regarding the third category, the rolling of
several tens of meters of clectrical cables was
difficult as the cables would get entangled
and ereate knots, No specific solutions were
found, other than patience and the cxira time
needed to undo knots in the cables.

No solution was be found for the fo.th cate-
gory, other than aveidir 3 these o) .-ations
and relying on logging d: a and resuis cither
by radioing to base (bu: not often possible
due to radio contact failu® s) or copying them
in memories of the 8A! and the handheld
GPS computers. Redund: oy of data logging

IV
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could be done verbally using a voice acti-
vated portable recorder with a2 microphone
installed in the helmer Dxperiment data
back-ups on diskettes were made later on re~
furn to the iabitat base. Handling paper pro-
cedures, turning pages and maintaining them
in the field of vision in a blowing wind was
also difficult. A transparent plastic pouch
suspended uround the neck was not proven to
be efficient .5 it resulted in a two hand opera-
tion to hold it in place against the wind and to
bring it ino the field of vision. Procedures
could be given from the Habitat base by ra-
dio, but aguin this was not considered an op-
tion in view of the frequent radio failures. A
small portable computer (like a data organ-
izer) displaying the procedure line by line
with a scrolling capability compatible with
EVA gloves could be advantageous,

It was found also easier to have the tools that
one crew wember would aeed cacied n an-
other crew member’s suit pocket, as vision of
the own suit pockets was very limited.

EVA operation timeline
Finally, it was found that the time allocated
for each sequence of steps was longer than
anticipated, even when considering an EVA
time correction factor of 2 or 3. However,
certgin seyuenee ol steps were found shorter

- than anticipated while others were much

longer than expected, e.g. for those opera-
tions involving EVA operators walking to
install instrumentation. Furthermore, certain
sequence of settings on the SAS could have
been automated or implemented as default
choices.

EVA crew mmember hierwrchy and leademship

Although an EVA leader and u science opera-
tion leader were designated during pre-EVA
briefings, the hierarchy broke up in certain
cases especially in unforeseen or in off-
nominal situations. it did not result in any
serious consequences, but operations and use
of operational time could have been opti-
mized by clearly establishing local field
commanding structures and responsibilities,
This was also true wien navigating and mak-



ing decisions in off-nominal conditions dur-
ing ATV expeditions, A better preparation
with respect (0 knowledge ol the tenain,
paths o follow, back-up plans and procedures
to re gain control of unexpected situations
would have been needed. Again, crew train-
ing is of paramount importance and pre-
simulation training involving crew work and
interaction in various situations would have
been beaeficial. However, it is recognized
that this was not always pcssible.

CONCLUSIONS

From a general standpoint, this simulation
campaign was extremely productive scientifi-
cally and technically. The multidisciplinary
and multicultural aspects were definitely an
enrichment and it was extremely rewarding to
work and interact in such a high level envi-
ronment.

It is believed that the goal of the pioposed
experimetit was achieved, Le. to demonstrate
the feasibility of conducting a seismic ex-
periment in extreme conditions. 1t was proven
possible to conduct this physically demand-
ing scieptific task under EVA conditions
similar to those that humuin crews would en-
counter on the planet Mars. Despite the one
failed attemapt due to specific terrestrial
weather conditions, it was shown also that the
implementation of the seismic refraction
method is feasible by EVA crew members in
an extreme environment such as the Axctic
and that it could be envisaged for future hu-
man missions to the planct Mars to detect lo-
cal subsurface water pockets.

From an operational viewpoint, several les-
sons were lvarmed and were presented above
in order to improve design of EVA suits and
of instrumentation to be used by ¢rew mem-
bers. Based on observations during the simu-
lated EVA's, suggestions were also mude re-
garding Martian mission concepts and - zenar-
ios. It is hoped thaf these comments . sug-
gestions would be considered fo: Iurther
simulation campaigns and ev&ntixaiiy for the
first human Mars mission.
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TABLE 1: EVA CHARACTERISTICS OF THE ROTATION 2 CREW (10 - 17 July 2001)

EVA#1 Time: 11 July, 14-16 by duration 2 h + preparatior

Crew; K. Zubrin, K. Quinn, V. Pletser

Goal: Collect rocks and fossils in search of bioloyical life evidence
Location: Haynes Ridge, in froat of MARS Ilabitat

EVA#2 Time: 12 July, 11-15 h; duration 4 h + preparation

Crew: R, Zubrin, K. Quinn, V. Pletzer

Geoal:  Deploy geophysics seismology experiment, 3 points measured
Location: Haynes Ridge, in front of MARS Habitat

EVA #3 Time:

14 July, 12-18 h; duration 3 b + preparation

Crew: R. Zubsin, K. Quinn, C. Cockell, V. Pletser
Goal: Deploy Cosmic Radiation Dosimeter; collec: rocks with biclogical significa-
tion; scouting for other locations for geophysics experiments
Location: Breccia Hill and Trinity Lake, (laughton Crater, 2 km from MARS Habitat
EVA #4 Time: 15 July, 11-13h30; duration 2h30 - preparation
(rew: R. Zuabrin, K. Quinn, V. Pletser
Goal: Scouting EVA for uther locations for geopliysics experiments
Location: Von Braun Planitia, approx. 5 km from MARS Habitat
EVA #5 Time: 16 July, 11-14h30; duration 3h30 + preparation (foreseen to be 6 h)
Crow: R. Zubrin, C. Cockell, W. Clancey, V. Pletsor
Goal:  Deploy geophysics seismology experiment (EVA aborted, bad weather)
Location: Haughton crater
EVA#6 Time: 17 July, 14h30~17 h; duration 2h30 + preparation
Crew: R. Zubrin, K. Quinn, V. Pletser
(ioal: Deploy geophysics seismology experiment, 3 points measured
Location: Haynes Ridge, in front of MARS 1labitat
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Figure 1. EVA crew member K. Quinn hits the sledge hummer under the rain during the second
EVA on 12 July, while V. Pletser operates the SAS under monitoring of K. Zubrin; the
Mars Habitat is visible in the background (Photo V. Pletser).

Figure 2: EVA crew m nbers C. Cockell and V. Pletser do loy dosimcters near Lrinity Lake in
the Haughtor ‘rater during the third EVA of 14 July (Photo K. Quinn).
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Figure 3: LEVA crew members K. Zubrin and V. Pletser pushing the instrumentation trailer out
of the mud in the Haughton crater during the {ifth EVA of 16 July (Photo Discovery
Channel).



Figure 4: EVA crew member R. Zubrin with mud covered helmet during the fifth EVA of 16
July (Photo Discovery Channel).
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