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Executive summary

The Osterreichisches Weltraum Forum (Austrian Sparem) or OWF has organized from thé"27
of April to the ' of May, a Mars cave exploration simulation campaifhe selected location is an
ice cave designated “Rieseneishohlen” located soiulalzburg near Obertraun in a mountainous area
called Dachstein. In the ice cave located at ardA@D m, small glaciers are present all year round.
We do not know yet if such ice caves may exist cerdVl Caves have been recently discovered on
Mars which are apparently linked to previous volcattivity, but the presence of ice in this tyde o
caves is only a possibility. Caves on Mars wouldbenteresting location to search for past orgmes
biological activity because they are protected fraltna violet radiations. And the presence of ice,
which means water, would increase the probabifityteresting discoveries.

The Dachstein campaign gathered various experimants various teams representing eleven
countries.

One of the most spectacular experiments is thiatibn of the OWF simulation spacesuit Aouda.
This spacesuit, which is not pressurized, has hewasophisticated mechanical system allowing the
restitution of pressure effects on the suit testieis equipped with measurements and telemetry
allowing the transmission of data such as heagt @O2 partial pressure, view seen by the testar to
control center remotely located.

The Planete Mars association participated to thenBtain campaign with two versions of its Cliff
Reconnaissance Vehicle (CRV also called Cliffbdf)e general objective was to see how such a
vehicle could help caves exploration, providingesscand information on areas where a man in a
spacesuit cannot access.

The main objectives were the following:



First objective was to assess what could be the usefulness @Rheto explore non reachable areas
by a man in space suit in a cave. This impliesclpy a vertical hole. Also steep to medium iceps®
would fall in this category of non reachable slopgeappeared during the campaign that Tristan dome
was a good representation of vertical non accessible but | had no certainty before the campaign
that such a hole would be available for experimenia

Second objectivewas to operate the vehicle with the Aouda spatemud find what are the
difficulties linked to operations in a spacesuihisTtest has been done numerous times in Utah with
the Mars society simulated spacesuits but theseatiner easy to operate (no simulation of internal
pressure for example). It was clear before the edgnpthat Aouda spacesuit would be operated by a
OWF crewmember.

Third objective was to operate the vehicle with the Aouda spatgtwes, test which could be done
by the cliffbot APM patrticipant.

Fourth objective was to document the difficulties encountered omous all terrain configuration by
the vehicle on the way down or up.

Fifth objective was to use the pictures sent by cliffboat on bdadcam to control the vehicle
operations.

Sixth objective was to acquire nice pictures of the vehicle ingpectacular ice cave environment.
The main results and lessons learned are the fioigpw

1 The vehicle has demonstrated atsility to be recovered from two difficult situations twice,
demonstrating again an all terrain capability.

2 The photanapping of a typical non accessible hol@n this case the lower part of Tristan dome)
was possible because of a favorable slope configaréoverhanging and vehicle suspended to the
rope). This configuration allowed rotation of thehicle and landscape swappifdie vehicle was
designed to conduct cliffs strata imaging and not&@° panorama. Exploring a hole in a cave
requests more 360° views than close up of strat@ihe vehicle could have been used 180° from its
nominal orientation, with the camera oriented oftpas the wall in order to acquire general views i
the case where it was rolling on the slope andaspended. Butraultiple camera configuration or

a rotating camera configuration would be best adapd to a cave hole mappinghan the present
configuration.

3 Guiding and controlling the vehicle without directview and using only the picture transmitted

by the hazcam has proved nearly impossiblelhere, alsoa multi camera (or camera swapping

the landscape) would be necessary or at minimum adint view and rear view availability. Also

the video signal transmission is a problem in cocapkd slopes where obstacles can preclude the
picture reception up hill.

4 For the first time aliffbot was demonstrated using another instrumenthan a camerawhen the
LATMOS laboratory used the CRV 5 for thkxomars ground sounding radarexperimentation. The
use of other than camera instruments was foresaeee the beginning of the vehicle design but had
never been conducted before by lack of Planétes lssociation capability to field more complicated
and costly devices than a camera. The CRVs testtigs till now were always more focused on the
vehicle all terrain capability than on scientifi@easurements.



1 Introduction

The Osterreichisches Weltraum Forum (Austrian Sgamem) or OWF has organized from thé"27
of April to the £' of May, a Mars cave exploration simulation campaighe selected location is an
ice cave designated “Rieseneishohlen” located soiulalzburg near Obertraun in a mountainous area
called Dachstein. In the ice cave located at ard#@D m, small glaciers are present all year round.
We do not know yet if such ice caves may exist cardv Caves have been recently discovered on
Mars which are apparently linked to previous voicaattivity, but the presence of ice in this tyge o
caves is only a possibility. Caves on Mars wouldbeénteresting location to search for past orgmes
biological activity because they are protected froltna violet radiations. And the presence of ice
would increase the probability of interesting digmaes.
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Dachstein ice cave map and main locations

The Dachstein campaign gathered various experimants various teams representing eleven
countries.

One of the most spectacular experiments is thiatibn of the OWF simulation spacesuit Aouda.
This spacesuit, which is not pressurized, has hewasophisticated mechanical system allowing the
restitution of pressure effects on the suit tesltiers equipped with measurements and telemetry



allowing the transmission of data such as heagt @O2 partial pressure, view seen by the testar to
control center remotely located.

The Planete Mars association participated to thenBtain campaign with two versions of its Cliff
Reconnaissance Vehicle (CRV also called Cliffbdf)e general objective was to see how such a
vehicle could help caves exploration, providingesscand information on areas where a man in a
spacesuit cannot access.

The main objectives were the following:

First objective was to assess what could be the usefulness @Rheto explore non reachable areas
by a man in space suit in a cave. This impliescipy a vertical hole. Also steep to medium iceps®
would fall in this category of non reachable slopgeappeared during the campaign that Tristan dome
was a good representation of vertical non accessible but | had no certainty before the campaign
that such a hole would be available for experinmténa

Second objectivewas to operate the vehicle with the Aouda spatemud find what are the
difficulties linked to operations in a spacesuihisTtest has been done numerous times in Utah with
the Mars society simulated spacesuits but thisraiteer easy to operate (no simulation of internal
pressure for example). It was clear before the edgnpthat Aouda spacesuit would be operated by a
OWF crewmember.

Third objective was to operate the vehicle with the Aouda spatgsmes, test which could be done
by the cliffbot APM patrticipant.

Fourth objective was to document the difficulties encountered amous all terrain configuration by
the vehicle on the way down or up.

Fifth objective was to use the pictures sent by cliffboat on bdadcam to control the vehicle
operations.

Sixth objective was to acquire nice pictures of the vehicle ingpectacular ice cave environment.



2 CRV development history

Doc. NASA - Pat Rawlings

On Mars as well as on earth or other telluric
planets, cliffs and steep slopes are areas where
the ground provide direct access to layers and
rocks which have been produced by hundreds
of millions years of geological
meteorological and biological (eventually)
history. With exploration lengths in the order
of 100 m in the line of slope, crossing the
various layers, a lot of information may be
gathered on a planet history.

To be able to observe a ground which is not
obstructed by debris, the slopes to be explored
have to be between vertical (90°) and around
45°. A rover using wheels for propulsion
cannot travel along this type of slope. One
solution is to use a cable suspended rover.
This rover may be entirely autonomous with a
uphill anchorage provided by another rover or
be operated with more or less autonomy by
astronauts operating on the uphill side. Some
Mars exploration artist views are showing
astronauts in space suits suspended to 1

and exploring a vertical cliff. If such a difficutiperation is ever attempted, it will be only
because a cliff exploration rover will have foundwarthwhile feature to be observed,

analysed or retrieved!

Starting from the above considerations and ackndgutey that the cliff rover problems
have seemingly not been addressed by space agencigganisms, Planéte Mars Association
decided, in summer 2001, to explore the difficgltié mobility along a steep slope for a cable
suspended rover. Main requirements were the albdipperate on slopes between 90 and 45°,
the ability to deal with the highest possible obks on the way down or up and particularly
to be able to be retrieved and brought back ughithén those obstacles conditions and even
in case of overhanging parts in the cliff. A seamydrequirement was to test what would be
visible with a camera on board and test devicaneasure the size of features visible in the

camera field.



CRYV 1 general configuration

The CIiff Reconnaissance Vehicle, or CRV in sh®®RP in French), is by no way a vehicle

designed for actual operations on planetary grolmdonly a demonstrator to test the best
configurations to fulfil the above requirementseTdeometrical configurations experimented
as well as the size bear probably a strong sirtylani a future operational vehicle but other
(lighter) materials would be used as well as smafece qualified equipments. Also the
assembly process to build or deploy in the fiele Wiehicle would be much more simplified.

The CRV 1 to 3 have no autonomous mobility and@asered and brought back up manually
suspended to a rope. An operational vehicle woulelg be operated with an electric

windlass. The operating process implies that ttitarl slope has to be accessible from above.
The CRV main payload is a camera although othelopdg are possible.

Three different Cliff Reconnaissance Vehicle (CR¥hfigurations have been tested at the
MDRS since 2002: CRV 1 was tested during MDRS 2Gies Dawidowicz (February —
March 2002). CRV2 was tested during MDRS 7 by A&ouchier (November 2002). CRV 3
was tested during MDRS 23 by Anne Pacros (Febr@@64), during MDRS 26 by Edwin
Loosveldt (March 2004), during MDRS 39 by the Lewiwacrew (April 2005), during MDRS
40 by Anne Pacros and her Monalisa crew colleagh@wsng MDRS 43 by Alain Souchier
(February 2006) and during MDRS 90 by Pierre-EmmeéRaulis (February 2010). This was
the eight experimentation in Utah for the CRV véhidamily. Naturally other tests,
particularly preparation tests for Utah campaidrasie been conducted in France.

The CRV 1 was a 4 wheel configuration, with a mafs8 kg. When upside down the vehicle
was designed to slide on ski type structures. TR¥ @ had the same general configuration
with the use of some lighter structures. It wasrblarger than the CRV 1 and had a real time
video transmission to send to a receiver up thetmel picture taken by a context camera (or
hazcam) or by the main camera looking at the grolihd mass was increased to 8.5 kg. The
CRYV 3 is a totally new design based on 2 big whegte vehicle rolls on these wheels even
when it is upside down. The vehicle mass is 4.0y fikcluding the main camera loaded with
video tape and battery). Without the video emisdior, the mass is reduced by 0.555 kg.
The configuration without the emission box was ug@dmissions MDRS 23 and 26. The



emission box was on the vehicle during MDRS 39 4@dut was not used by the crews.
Missions MDRS 23, 26, 39 and 40 thus concentratechobility demonstrations. The CRV
objective for MDRS 43 was the context hazcam canuse optimization. In the nominal
configuration the context hazcam camera locatedhervehicle is looking upwards to give
the operators information about the obstacles abbhis may be useful to ease the vehicle
retrieval. Also the upward view may bring infornmation the ropes situation (entanglement,
twists,...). The context hazcam camera is linkedht® émitter by a long wire. Thus the
camera can be installed elsewhere on the vehid&idg to other directions. A small
container was also provided since mission MDRSa3Bduse this camera somewhere along
the ropes for example looking downward to the Vehitom a position located some meters
above. The search for an optimum location was éhiesoCRV MDRS 43 mission objectives.
The other one about context camera use optimizatias to see how the information from
this camera could be used by the operating asttandacilitate the vehicle operations. And
naturally mobility demonstrations were also an otiye. Particularly as the operating crew
member had experimented the CRV 2 during MDRS & GRV 3 could be used on exactly
the same locations as the CRV 2 to demonstrateomeprmobility (or not).
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Cliff Reconnaissance Vehicle n°3 main features (CRY&st 70 at White Rock Canyon
during MDRS 43 in 2006). Small modifications werentroduced between this
configuration and the CRV 3-3 configuration testedn Dachstein.



During the MDRS 43 mission, tests 68 to 74 weredooted. Tests 73 and 74 were done with a mock
up of new very simplified version. This versiondisvoted only to quasi vertical cliffs and is a sienp
container to be equipped with a camera. The camasanot on board for tests CRV 73 and 74. The
container with a camera on board and a transmissiovnire to the CRV 3 was used during the CRV 3
test n°72 linked to the suspension rope and gaagés of the CRV 3 from above.

During test 71 the CRV 3 was blocked in the clélled Stacy’'s Cake, in the same location as the
CRV 2 was blocked in 2002. The blockage was linkeethe ropes configuration. In order to retrieve
the vehicle from an overhanging without rotationitenside, the rope junction to the vehicle had the
following configuration looking from the up side tiee down side: one rope, then 2 ropes, then 4rope
(see the above photo). The transitioning from améwio ropes positions the vehicle either in its
normal position or in an inverted position on whitkcan still roll. Then the transition to 4 ropes
prepares the wheel to cross the obstacle. Thisgioation was the reason why a blockage occurred
during test 71: the transition between 1 and 2 sap®d between 2 and 4 ropes blocked the vehicle
during its way down on sharp protruding rocks drelvehicle could not be brought up.

A configuration with one rope was experimented migiiest 72 on the small smooth hill close to the
Hab (but the main objective was to test the dovakilog context camera located in a container one
meter behind the vehicle). As expected, the jundtietween the rope and the vehicle, located at the
wheels main axis level, being too close to the slehientre of gravity, the CRV experimented large
angular yaw oscillations. The final solution hadb®a rigid or semi rigid pole linked to the CRMsax
which would put the rope attachment point far abinecentre of gravity. This has been the CRV3-2
configuration experimented during test 75 in Vernthe 11th of November 2008. As this
configuration is not optimal to retrieve the CRV ib® way up an overhang, the test was precisely
conducted on an overhang to assess the difficdltiked to the new configuration. The test ground
was a grassy slope roughly at 20 °, then a vertidd2 m high, then a large overhang with a sh@@p

° angle. A sharp overhang is the worst configuratlmecause without the one to two ropes
configuration which rotates the vehicle either 8%all (nominal position) or 180° (inverted positio
but still “on the wheels”), the vehicle may findetf in a 90° or 270° position (or close to) thytain

its side. Reaching the overhang corner, the vehidg remain stuck. If the overhang corner is
rounded enough the vehicle may rotate around ltsax@s to reposition itself either in the 0 or £80
position. So it is why a sharp shaped overhangamasteresting difficult proving ground.



Test CRV 75 in Vernon the 1"of November 2008 in order to check the new suspems
configuration ability to cross a cliff overhangingart in the up direction. The new suspension
configuration were the 2 ropes then 4 ropes suspenss replaced by a semi rigid pole or rod linked
to a single rope, is shown on the left. This CRVWsien is designated CRV 3-2

3 Vehicles configuration and preparation for Daeimstests

Two vehicles were used during the Dachstesin tspaign:

-A CRV 3-3 vehicle directly derived from the CRV23version discussed in the preceding
chapter

-A CRV 5 vehicle with the same general configunatimt able to carry higher loads and built
to be used with the Exomars ground sounding raelaeldped by the Latmos laboratory.

The CRV 3-3

The CRV 3 used in the Dachstein simulation campaignslightly modified version called CRV 3-3.
The previous version CRV 3-2 was tested for thetiag in Utah in February 2010 during the MDRS
90 simulation mission were tests 76 to 79 were gotadl.

The CRV 3-3 madifications compared to CRV 3-2 &efollowing:

The plastic hoop wheels have been changed. Theetkans the same: 75 cm. But the torus diameter
is slightly higher: 2.0 cm compared to 1.8. The glbeare thus a little stiffer. Distance between the
wheels is 57 cm. All the spokes which were ratlwraded from last mission in Utah were replaced.
A conical reinforcement band was added on the hulthe internal spokes side around the holes



location for spokes attachment. The anti roll redse rebuilt with an internal side rigid half rad i
glass fiber and a rather flexible outside half imglastic. Their length is 104 cm.

The camera container porthole which was broken elenged and the circle band around was
renewed. The plate used to screw the containeh@mnstruments plate was also repaired. All these
damages came from the free fall experienced byehéle during the last campaign in Utah. This fall
came from a bad fixation of the rope to the vehigid not from a rope rupture.

The two lasers were replaced by two new more paweries. These are green 1mW class 2 lasers,
36.5 g each, with an internal 3V alimentation. Tive lasers are adjusted to have parallel beams thus
giving by the two spots distance (19 cm) a refegetionension in the camera field of view whatever
the distance to the scene. The lasers are instatiedeformable supports which allow changes in
direction and adjustment of the parallel beams.

The CRV 3-2 had only one flashlight to illuminatarkl locations in the main camera field of view.
The CRV 3-3 was equipped with two flashlights (gslads) for the same function in prevision of
cave operations. Also a same type third flashlighs added to illuminate the context hazcam field of
view. These flashlights are installed on deformaiigports which allow changes in orientation.

The two 6V batteries “Pro pack Ni-Cd 600mAh” whialiment the on board hazcam and the emitter
were replaced by two 6V batteries “NiMH 2/3 A HUMFACK 1500mAh”. As indicated the energy
capacity has been increased by a factor of 2.5.graeious small black and white hazcam camera
“Velleman CAMZWMBLAH 352x288 pixels” has been keas a back up in the emitter box being
very small and light. But a new color camera wastdlled outside on the instrument plate. This
camera could be easily oriented according to theesexplored. During all the Dachstein campaign it
was used looking down but could have been (by dhgrthe plate side on which it is bolted) oriented
up. This was the configuration for previous campaim order to show to the operator the difficdltie
lying upwards on the way back uphill. The down limgkconfiguration was selected for the Dachstein
campaign in order to give information on the oblss®on the down ride, expecting that the vehicle
could be sent in areas with no previous visual nMagions from above.

The new color camera is a Sygonix with 752 x 58&Igi with a mass of around 300 g. It is equipped
with 24 infrared leds which are automatically posgemwhen the lighting conditions are poor which
could be interesting in cave utilization. But théature was (probably) not used as a flashlight was
illuminating the field of view. This camera need&2V alimentation as the previous one and has the
same consumption of around 400 mA. The emitter asés/ alimentation and this is why two 6 V
batteries are used on board, one for the emittdrtla@ sum of two for the camera. The camera is
certified for outside utilization including rain wdh is also an interesting feature for a caveastilon.

The emitter has not been changed. It is a wireMgs TX. The Mini TX emitter has a power
consumption of 80mA and can operate between 4.87ahd/. On the receiving box side the 12 V
battery has been replaced by a “NiMH Racing-pacR03iAh TAMIYA”". The black and white
monitor has been replaced by a color TFT Monitor21dm, 320 x 234 pixels with a 650 mA
consumption. A “Velleman TFT LC MONCOLHA 4” coloranitor was kept inside the receiving box
as a back up. The ALM-2450 2,4 GHZ receiver hasrssemption of 180 mA and is using the same
12 V as the monitor. The receiving box total congtiom is thus 830 mA.

The main camera located in the protective contaimer Sony Digital Handycam DCR-TRV480E.
This digital camera records on tape. Dependinghertdpe type the recording autonomy is 60 mn or
45 mn. It has its own battery.
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On the left the reception box in its operational mftgguration with the open cover hold in position by
the white bar on the right and the monitor on theft; the spare monitor is located under the
yellowish foam protection on the left. In front thielue box holds the receiver. This box may be
positioned in the slope for a better video recepti®n the right is an example of picture on the

monitor.



On the left: rear side with the renewed porthole tre camera container, the two flashlights and the
two lasers. On the right zoom on the lasers andsflght.

In the left: front side with the hazcam on the ledind the flashlight illuminating the hazcam fieldfo
view. On the right: the emitter box and its switche

Reinforcement conical band on the hub.

Total mass for the CRV 3-3 is 4994 g (including eam anti roll rods, anti yaw rope fixation rod).
This would be 1.9 kg on Mars. The preceding VRPc®2figuration had a mass of 4075g.

The rope length in the rope container is 36 m.eiéded, 17 m of rope could be added from another
container.



The CRV 5

The CRV 5 is a heavier version of the CRV 3. Thigsion was built to provide to the Latmos
Laboratory a vehicle able to carry the Exomars gdosounding radar or at least part of the system.

The CRV 5 wheels are bicycle wheels 65 cm in diamethen including the inflatable tube. The
vehicle was delivered to Latmos without tubes arttk$ added by the Latmos team to increase the
distance between the vehicle axis and the grouratder to accommodate the two pyramidal radar
antennas with a sufficient safety margin to theugch The distance between the wheels is also 65 cm.
Anti roll rods were provided but not used during tiests, the slope on which the vehicle was used
being smooth.

The vehicle mass without the Exomars radar equipnaea without the anti roll rods is 3230 g.

The Latmos team purchased an electric winch toad@dhe vehicle.

The CRV 5 as delivered to Latmos. The Latmos tedranged the instrument plate and added tubes
on the wheels. The anti yaw rod and rope were repld by the cable associated with the electric
winch which is on the right of the picture.

Preparation steps

The main steps of preparation for the Dachsteinpzégm were the following:
27" of February: reception of the new hardware (cammemmitor, batteries).
4™ of March: first breadboard functional test of thideo system.

3% of April: delivery of CRV 5 to Latmos

16" of April: autonomy test demonstrating 3h 50 mrviofeo emission and reception for the hazcam
system. The limit comes from the batteries on #i@ate and not from the reception box.

22" of April: end of CRV 3-3 mechanical assembly witte camera container assembly on the
vehicle.



4 CRV 3-3 tests in the Dachstein ice cave

4-1 CRV 80

Test 80 was conducted just in front of the cablestation on a 4 m long slope the 28 th of aptilisT
test was initially conducted just for fun to see trehicle operating on snow which was not in the
design objectives for the vehicle. The test prowddresting however because in the end one of the
spokes bolt was found unscrewed and also all theneaits stacked on the main axis were laterally
displaced by 2 cm. No large forces are exerteddtyeso the two wheels center parts are only glued
on the axis. A stronger glue was applied on thésments after the test. Also all the screws on the
bolts, holding the spokes, were verified.

Test CRV 80: first one on snow !

4-2 CRV 81

Test 81 was conducted in Percival Dome just bedadeduring the parade for media, the sanf2d#8
april. This was the first test on ice. Five or gixs were conducted on a 10 m length. For inforonati

a different test number is given only when différpaths are followed. The test has shown that the
vehicle slides easily laterally on ice, which ig sarprising. During the first run, 4 m from itasding
point, the vehicle sled laterally behind a largekrand the right anti roll rod was subjected tagé
flexion when the vehicle was brought back. This waes cause of the anti roll tip protective small
sphere loss. This sphere was retrieved later orarlfNethe same paths were used for the
demonstrations to media with a slightly laterallgpdrted staring point in order to avoid the large
rock.

The video transmission was tested and worked well.

For tests 80 and 81, the main recording cameranatiniside the vehicle container.



Large stalag
Percival dome

Location of CRV test 81 in Percival dome



The CRV 3-3 has 3 flashligths for cave operatiot#q for the main camera and one for the
hazcam) compared to one for the CRV 3-2 configuoati

On the right the rock which was an obstacle on tlvay back up on the first CRV 81 run but which
could be overcome.

4-3 CRV 82

CRV 82 occurred the 39of April. This was the test conducted by Danielgé®in the Aouda
spacesuit with the help of Luca Foresta.

To prepare the test, a first presentation of tHecke was conducted the 27 th of April eveningret t
hotel to Daniel Foger and Luca Foresta. Then th#h28 April in the morning at the cable car statio
the operations of the reception box and of the roamera remote control were rehearsed by D. Foger.



In the afternoon of the 28 th, D. Foger testedhadl operations with the Aouda gloves. One laser was
then found inoperative and two spokes bolts haihdgat their screws. Changing the batteries in thi
laser in the evening did not change the situafitre missing screws were replaced. At that time the
reason why the screws were lost was not understblod.spoke position tight against the screws
normally precludes any screw rotation. Also onefy used to secure the camera container was found
broken. The camera container is fixed to the expent support plate by a bolt and two safety T raps.
The broken T rap was replaced and two more werechdd

The 29 th of April the CRV 82 test preparation waaducted by Luca Foresta and Alain Souchier.
First the vehicle operations were rehearsed wittalat the cable car station.

At around 10.30 we were in Tristan dome with Lund sound there Julia Neuner who was planned to
participate in helping the operations. We startgchlmew discussion on the location for the test in
order to avoid any difficult test situation whicbutd prove impossible to manage or eventually would
lead to the vehicle loss in the bottom of Tristame.

The first slope selected during the initial cavsitvihe 27 th of April was located on the rightesiof
Tristan Dome when looking from the entrance. Thigswa smooth steep slope, around 70° at
maximum and leading to the lower part of the doBw. the 29 th it appeared that, from the pathway
the slope was not only oriented down towards theoboof Tristan dome but also slightly right. The
CRV would probably be deviated laterally on thehtigo a vertical slope ending in stalactites.
Bringing the CRV back up the stalactites would patalp be impossible.

So another path was selected, left as seen frastaiirdome entrance, some ten meters after the
beginning of the ice part on the path way. At mainp to the bottom this slope would also lead to
stalactites and the plan was to stop the descéortebentering the dangerous area. Luca would have t
assess the situation from the pathway in its rguekey towards the entrance and tell to stop theahdsc
before the stalactites.
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CRYV 82 test location in Tristan dome. Initially dape located 15m right was planned but would
have probably sent the vehicle in stalactites.



This nice slope was initially selected for the tedth the CRV tests with Aouda spacesuit but the
vehicle would have probably sled left in the holedastalactites area. Operations were foreseen from
the pathway in the left up corner.

For safety reasons the operation in spacesuit feegseen from the path way and around 10 m of flat
surface extended from the path to the slope. Theiss¢hicle will have to be “launched” in order to
reach the slope. This would be done by Luca. Dutivegypreparation we proceeded to this launch
twice stopping just before reaching the slope. Wiegrieved the CRV showed again a lost screw on
one of the spokes! This led me finally to underdttimat the screw losses were not linked to screw
rotation but to the bolt rotations. So | startedeaification and complementary screwing of all the
bolts as we were in test preparation with Lucan@snaintenance was foreseen in preparation | had to
use scissors as a screw driver. For informatiorvéiiecle accepts one loose spoke but two, if threy a
close together, would lead to a wheel collapse.

The other steps of preparation (called Initial Gtad 1 or IC1 in the procedure) went well. But the
IC1 was over at 11.15 whereas 10.45 was plannedei#r this did not seem to be on the critical path
of test owing to the suit preparation operations.

| followed the second step of test preparationdlg@dalC2 in the procedure) and also the test
operations from the operation center in the cabiestation starting from 11.35.

Hereafter is the description of the tests operation



At 12.15 the vehicle is on and the reception bowrris but 3 mn later a simulation hold has to be
decided because the suit tester has lost his heddseggest then to stop the recording (which is
supposedly on) to keep recording autonomy (liméedne hour). This could be normally done by the
remote control without opening the container. Bigoion appears that Luca or Daniel has opened the
container to shut off the camera. May be the rangrdias not already activated after all. Then, when
the operations started again, the camera was ssjan and the container closed. This operation was
probably conducted by Daniel with the Aouda glolbesause he explained me later that this operation
which can be a little difficult was astonishinglgsy. But this comment could be also related to the
first closing. When trying to send the recordingnooand through the remote control, information is
sent that the command is not operating. Luca teepans the container, finds that the camera is off,
restarts the camera, manually pushes the recossitgh and closes the container. It is then 12.45.1
will have this same problem of non operating renaatstrol on a later test, because the camera turns
off and this has to be understood. At 12.49 theckels in the upper part of the slope, 10 m frdma t
starting point. At 12.53 the operations are stopgitetb m and Luca goes back on the pathway towards
the entrance to see where the vehicle is locatetpared to the dangerous stalactites area. He then
tells that the vehicle has now to be brought baeker on he will explain that the vehicle was still
around 2 m above the stalactites but that the vogge doing an angle around a small ice peak in the
flat part. If this peak would break and free thepapthe CRV could well have gone down by 2 m
entering the dangerous area. Some minutes afteipntbrmation is sent that the rope is stuck. From
the operation center it is difficult to understdralv the rope (and not the vehicle) is stuck. Aftemts

it is explained that the angle around the smallpieak in the flat part is introducing a supplemanta
force on the rope. Ulrich Luger then ventures amite flat surface with iron boots to free the rope
and the vehicle is then easily brought back. A0%3t is on the edge and at 13.08 at its startmigtp

The operations are then stopped and Daniel FégbeiAouda Spacesuit shifts to another experiment.

Concerning the on board hazcam video signal trassam, the signal was lost when the vehicle was
in the slope because of a too large ice layer bemviiee emitter and the receiver located on the ruppe
flat surface. | suppose that the video signal veagiined again when the vehicle came back.

In the post test debriefing it is also indicatedtttbefore reaching its lowest position, the CR\6wa
blocked temporarily on a quasi horizontal part boild be restarted again. Also when the rope was
indicated as being stuck, the vehicle was a lgiteeways with deformations on the wheel and Luca
feared that too much forces could be exerted liyaya the wheels.

Sequence of events from the pictures

The photos taken in the operation center have stibanthe Canon EOS 7D camera time should be
corrected by minus 1 mn 47 s and the small Perstarera used in the operation center by minus 5 mn
12 s. These corrections have been applied on thi®pkime there under.



Preparation as seen from the operation center witim, the screen, the view taken by the Aouda
helmet camera. Daniel FOger, the suit tester, il stutside in the cave porch.

12.09.35 (left): the team is in position.

12.11.10 (right): D Foger set the receiver on.

12.14.04 (left): spacesuit camera picture.

12.15.09 (right): CRYV picture from the spacesuitroara during operations corresponding to
following photos.



12.15.15 (left): left flashlight set on; the emittéox is on from the position of the two switchéhe
camera container is open.

12.16.30 (right): still at work.
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12.16.06 (left) and 12.16.15 (right): CRV views findhe spacesuit camera.

12.16.45 (left): laser set on (operating?).

12.18.17 (right): The receiver box is on (greenhiy and is sent as close as possible from the slope
but according to the long horizontal path beforedtslope this will not improve the reception signal
for a long time when the vehicle will go down.



12.25.53 (left): camera container open, camera gmnegen light).

12.27.00 (right): container closing.

12.28.31: ready to go?



12.36.21(left): The remote recording command is rperating.

12.43.55 (right): Luca opens the container; the cam is found off; the camera is set again on and
the recording commanded on the camera directly;titbe container is closed again.

12.46.19 (left): launch!

12.46.58 (right): CRV on its way.

12.47.54 (left): CRV on its way.

12.48.47 (right): slow or stop on a small horizohturface.



12.50.32 (right): in motion down again



12.50.44: general view showing why the lower paduld have been dangerous to go.




12.51.19 (left): lowest point reached.

12.53.54 (right): general view showing by the vdhiorientation that the rope is not straight
between the suit tester and the CRV. The rope do66° turn around a small ice peak located
somewhere on the flat surface. The descent is séapihere by Luca because, if the ice peak breaks,
the CRV could go down suddenly by 2 m entering tlamgerous stalactites area.

12.56.56 (left): Daniel Foger the suit tester, feel high tension in the rope

12.55.09: Not only the rope does a turn around ae peak but the vehicle is also sideways on aice
bump. The anti yaw rod is probably too flexible. tBacircumstances increase the rope tension.

12.57.32 (left): picture received in the operatioosnter when the rope is declared stuck

13.03.54: Ulrich Luger frees the rope from the ipeak.



13.05.54 (left): the CRV reaches the slope edge.

13.06.05: Daniel Foger pulls the CRV back to thetpaay.

Views taken by the on board main camera at 8mn 1Bann 09s, 22mn 45s and 23mn 04s after the
beginning of recording. Most of the time the pictes are fuzzy and blurred. The autofocus had
probably not enough details to focus on or/and tt@mera was no more on wide angle which seems

possible because in wide angle the two bright smétdhe flashlight should be visible.

4-4 CRV 83

The test CRV 83 was conducted also the 29 th ofl Aparound 15.00. The location was the ice steep
slope towards the entrance of Tristan dome, jukireehe pathway along the rock wall above the
lowest part of Tristan dome. This slope was ideedifas a promising test field during the
reconnaissance visit the Friday. At 15.30, 13mogierhave been unrolled, the rope is attached to the



pathway handrail and photos are taken of the vehielrly down to the bottom of Tristan dome. 2
more meters are unrolled. At 15.35 the descengdsnastopped and new photos are taken. Then 3
more meters are unrolled, reaching thus 18 m agewl tie ascent is started. At mid ascent a blockage
occurs. Apparently the vehicle is stuck in a veaiticrevasse between the ice slope and the rocky par
of the cliff. | do not take time to stop the ope&as and have a look from the other side of thapay
because | am aiming at leaving the cave as platomedrds 16.00. The vehicle seems rotated 90°
because from the upper part | see the anti rollprotkuding perpendicularly to the wall (and thdi an
roll rod is the only visible part of the vehicld)let go one meter then restarts the ascent and the
vehicle comes out of the crevasse. When back opdtievay it appears that the main axis is bent by
10° on the right wheel side. It appears also thatsemi rigid rod linking the rope and the vehisle
broken at the attachment level to the vehicle. Thikire does not matter for the vehicle safety
because the rope is also directly tied to the Vemmin axis. This feature is intended to cope Witk

type of event. The axis deformation raises a qoests it better to have a very stiff vehicle (ag t
CRV 5 assembled for the LATMOS Exomars radar) orehicle which can be deformed when
blocking situations occur because the deformatsonfacilitate the deblocking?

Concerning the hazcam video transmission, a pictaiereceived at the beginning with parasites and
vanished quickly. During the checks in the evertimg emitter box battery n°2 was found at 5.68 V
which is rather low and explains the transmissioterruption. Battery n°1 was at 6.68 V. No
reloading was conducted after test 82 which lastaey be one hour with the batteries on. This should
not have had consequences because a more thanr$8 &ndonomy was demonstrated during the
preliminary tests some weeks before.

15.28.52: first stop at 13 m with brightened phaio the right showing that the vehicle has derived
on the right (left as seen from above) on the idepe on which it went down.



15.29.06: other world....




15.32.33 (left): the CRV at 15 m; the rope is pgrtiisible. The little waterfall coming from the
ceiling (lower left) is digging a hole in the icesIm below.

15.34.11: the vehicle has deviated on the right éaen from the photo point of view) and will ascent
in the cavity with stalactites close to the rockliW@nlargement in the upper right corner) which
will block somehow the ascent. The rope is visil¢he enlargement lower part.



The ice slope as seen from above seemed trap free.

But, as seen from another point on the path wayetiap is clearly visible. These photos were taken
the day following CRV 83 test, to better understahd blocking causes.



In the first meters of descent, ice is shown witlmasaic like pattern roughly 1 cm wide. The two
flashlight spots are separated by 24 cm.

At mid descent the vehicle crosses the field ofastates which will be an obstacle on the way up
and which was not visible from above.



The ice cavity below the stalactites. The vehiddarther from the icy wall as may be seen by the
bright spots seemingly closer and in fact still segted by 24 cm.

Down the slope the vehicle is again rolling on iaad shows, as above, a mosaic like pattern with
structures roughly one cm wide.



The ascent has started. The vehicle is suspenddgtigadope and rises exactly at the limit between
ice on the left and rocks on the right.

Entering the field of stalactites just before théolskage.



Experiencing the blockage, the vehicle rotates 9@Y9king parallel to the rocky wall and towards
the central stalagmite.



After successfully clearing the obstacle, the vdbits now “upside down” (but still on its wheels as
the design allows) looking to the other side of §tan dome.

4-5 CRV 84

Test 84 was conducted the™6f May in the lower part of Percival dome leadinghe entrance door

to King Arthur dome. The objective was to asseeddifficulties of conducting the test while usitgpt
Aouda spacesuit gloves and to use the picturesfmmtthe on board hazcam to manage the vehicle
descent and ascent. As the rope rod attachmeittetoahicle was broken the day before the yaw
stability is now obtained by a transition from otetwo ropes attached on the vehicle main axis.
When setting on all the systems, it appeared thatictures appeared on the monitor screen. A lyatter
test showed that the emitter batteries where ftebal at 6.22 V and for battery 2 at -1.21 V! The
batteries were fully loaded at the beginning ofrti@ning. Apparently the battery 2 switch was on fo
a long time. One explanation was that it was inadwly set on on during the ascent from the cable
car station to the cave entrance. This proved ititeé hypothesis the following day when a check at
mid ascent showed that the switch was on on whétreess off when leaving the station. The switch
can be in contact with my leg during the ascent #msl triggers it to on. For CRV test 84 then
remained the objective of using the Aouda gloviewals very difficult to push the flash light switeh

For one | had to try 4 or 5 times. For the othseudceeded in ten trials. And for the last one | toad
use a tool to push the switch. For this test threera was inside the container for the weight bat no
switched on. Before sending the vehicle in the eslbpecured the rope, with 7 m of free rope, to the
hand rail doing the knot with the gloves on. Thizsva safety measure in case the vehicle would slip
from my hands. It would have then stopped after. haturally doing a knot was possible with the
gloves but untying the knot was impossible. Theialehwas not equipped with the anti roll rods
because the slope was rather smooth and also Haiindescending in a narrow pass between two
rocks. The descent was conducted with the Aoudeeglavithout difficulties. A first stop was done at



5 m, tying the rope still with the Aouda glovesenh7 m were reached. The descent was stopped there
because 2 m farther, a small vertical slope hdddaies which could be broken by the vehicle. The
ascent was conducted without the Aouda gloves.athiee part of the test has extended only between
12.45 and 12.55.

The Aouda three layers of gloves: from left to rigaind up to down, the comfort glove, the glove
restituting the pressure forces from both sides ahé outside glove from the palm side.

The outer glove from the other side.



Stop after a short 7 m ride.

Stopping before the stalactites (left) and aftercsessfully descending between two rocks (right).

Towards King Arthur dome
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Large stalag
Percival dome

Location of tests 84, 85, 86 in Percival dome.



4-6 CRV 85

Test CRV 85 was conducted the 30 tAmil from the pathway in the middle upper partRarcival
dome. The main slope is towards the central statagout the slope is also slightly oriented on the
right and the vehicle slide sideways during thecdaswith the right anti roll rod interacting withe
rocks extending between the path way and the @d.fAs for the preceding test, the camera is on
board but not set on.

In the process the right anti roll myttls being bent. The vehicle is retrieved froroveel point on the
path way climbing directly through 4 m of chaoticks.

End of descent during test 85.



Right anti roll rod bent at the end of test 85.

4-7 CRV 86

Test CRV 86 is conducted shortly after 85 fromphthway. In a 4 m ride, the vehicle reaches the ice
field and then is brought back. The anti roll razhbduring the previous test has been repaired. The
camera is on board but not set on recording. Thectbe was to demonstrate the vehicle ability to
roll on very irregular terrain with rocks reachiagund one third of the wheels diameter. And tde ri
was indeed bumpy.



The repair configuration with transition from oned two ropes after the rod attachment failure the
day before is visible there.

Test CRV 86 has been conducted on the very irreguteks field on the right between the pathway
and the ice field.

4-8 CRV 87

Test 87 was conducted th& af May. The objective was, once again, to reaehkibttom of Tristan
dome, explore the central hole and hidden part uthepathway, and make use of the video picture



transmitted to the operator to pilot the vehiclaha interesting areas without entering in danggrou
situations. As most of the part of the ride dowruleidoe in overhanging conditions, the vehicle being
out of contact with the wall, it could be expectbdt a manually commanded displacement in the
lower part of the dome could be done.

The starting point on the pathway was close tolittle water fall coming from the ceiling. The
objective was to reach the hole border close tdatdéut outside of the fall naturally. During ghiest
the camera was recording, the three flashlightewgerating but | did not try to activate the laser
which were out of order. The anti roll rods werped to the main axis in addition to the elastickhoo
fixation in order to be sure not to loose one & tbhds down the dome. At 10.15 the vehicle is down
amid ice blocks at 15 m rope length. Before the ddwn | have tied the rope to the hand rail ain20
length as a safety measure. Then | rose the CRMhdrone meter above the ground to swap the
ground around the hole. The transmitted picture g@sd and | took photos of the monitor (the
monitor picture is not recorded) which is not ebgyng alone holding the vehicle in one hand and
taking photos with the other. Photos were alsortaiethe vehicle down the hole from other parts of
the pathway. Then the vehicle was raised till reexh0 m of rope, meaning that it was hovering 5 m
above the ground. Rotating the rope allowed fdoa 860 ° swapping of the landscape. At 10.45 the
CRV is back at its starting point.

The following photos are the ones taken on boaxttdeted from the video). Time is given starting
from the beginning of the recording. The beginrifiglescent is at 1.15. The photos taken from above
as well as some photos of the pictures receivetth@monitor are shown also, trying to presenttal t
pictures in a rough chronological order. The oimyet link between outside pictures (general pictures
or pictures of the monitor receiving the Hazcamwge and on board pictures is the landing time
which is 10.15.00 corresponding to 2.50 in on baambrding time. To avoid confusion the recording
times are given with a R before.

R 2.04 to 2.19: mosaic of pictures taken on boatewing the electric installation in the bottom of
Tristan dome and the rocky wall under the pathwdihese pictures are taken before landing.



R 2.04 to 2.24: mosaic of 5 photos, the two lefes being however taken closer to the ground than
the right ones. These views show the rocky wall enthe pathway.



R 2.28 to 2.55: ice blocks on the floor. The firahding is at R 2.50.

Same photos after treatment



10.15.41: first view from the hazcam on the monitaiter landing.

10.16.11: the CRV 15 m down in Tristan dome. On tbft against the rock, the reception box. This
picture correspond to the time 4.00 on the on boasinera.



Addition of photo R 6.09 to the R 2.04-2.24 panomamand treatment.



R 6.19 and 6.22

R 6.46: close up on ice (field of view of around &)



Picture of the central hole taken by the hazcaml1#t18.56 on the right, compared to the view from
above. The waterfall is visible on the left of theo photos.

10.18.59: the central hole by the hazcam.



R 8.13 and 9.10: the rocky wall under the pathwajghaa hole which may be the lower entrance to
Tristan dome.



R 10.24

R 14.11 and 14.13



R 14.32 and 14.39: a stalagmite close to the cdrtide.

10.28.31: hazcam view showing the hole on the right the light on the upper left (same one as
seen on photos above).



R 16.10 to 16.31: view on the rocky wall opposidtte pathway. The stalagmite close to the central
hole is on the middle left. There are no indicatision the cave map that the black opening in the
cliff is leading somewhere.

R 16.49 and 16.58: the lower part of the rocky waiider the pathway.

R 16.10 to 16.58: panorama on around 270°. On th# the rocky wall opposite to the pathway; on
the right the rocky wall under the pathway. In threiddle is the icy slope where test 83 was
conducted.



Hazcam views at 10.30.18 (left) with the hole o ttight and at 10.31.54 (right).



10.33.41: panorama from vertical down to horizontdlhe CRYV is slightly farther from the hole.
The same view brightened is shown on the right.



10.33.45: vehicle still down. 10.33.45 correspomai?1.35 for the on board pictures.



R 22.41 and 23.42: views of the opening on the otside of Tristan dome. The vehicle is now 5 m
above the ground (rope at 10 m).

R 22.31 to 24.2: 100° panorama from 5 m above theugd.

360 ° panorama in the lower part of Tristan dome.



10.37.24: hazcam view showing the hole (bottom t)gland a light. The vehicle has now been
raised 5 m above the ground. 10.37.24 corresponddi. 14 for the on board pictures.
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10.39.00 (left) and 10.38.23 (right): the CRV hasdn raised 5 m above the ground. The receiving
box may be seen on the left.



Addition of a view sent by the real time video tsamission

4-9 CRV 88

Test 88 was also conducted also tfi@flMay. The objective was to conduct the CRV nidéh only

the information transmitted by the on board haztathe monitor uphill and thus without using direct
visual observation. For this experiment a longeagmooth ice slope was selected with some rocks as
obstacles. Also the slope could be observed, ileg@efrom the pathway on the whole distance and
also, if needed in case of difficulties, every paiould be reached by walking on the ice with iron
boots. The selected slope was close to Tristan dorttee tunnel connecting Tristan dome to Percival
dome as shown in the picture under. The Latmos teated their Exomars ground sounding radar on
this same slope the preceding day. For this tesinthin camera is on board but not activated (no
exploration purposes on this slope).



Junction tunnel between
Tristan dome and Percival dome

The CRV 88 test was conducted in the smooth slapéhe right of the pathway leading to Percival
dome from Tristan dome (upper right on the picture)

12.35.28: view transmitted by the hazcam at theibeipg of CRV 88 test showing the ice slope and,
on the left, the pathway which allows observation the whole length of the slope.



12.36.34: vehicle still in sight.

12.39.36: one of the last pictures transmitted. TWehicle is no more in line of sight after going
down a 2 mice bank. The rope is at 15 m. A rocknsts in the middle of the way but does not seem
a large obstacle. The picture is acquired even wathather high thickness of ice between the emitter
and the receiver as seen in the photo under but signal will be lost shortly after without any more
move of the vehicle. Receiving box battery is sttlll2.73 V so is the signal lost by ice absorptan

because the battery level is low on board after pneceding test?



The vehicle is no more visible behind the bank. Tieeeiver is on the ice on the left. | try to bring
back the vehicle by some meters to acquire aghavideo signal but it appears to be blocked. One
anti roll rod appears canted 45° behind the icy géo(not visible on the photo) indicating that the
CRV is in a difficult situation. The attempt to @t a ride only by monitoring the hazcam video
transmission has to be stopped there and the sitrahas to be assessed now visually from the
pathway.

¥

12.48.53: understanding the blockage; the vehiclelpably crossed the rock on the left side, then
came back on the rock on the right side when | mdlthe rope. The right anti roll rod is doing its
job, avoiding a tip over of the vehicle.



12.51.59: after some pull and release maneuverghefrope, the vehicle is freed but on a flat
surface and at 90° orientation to the general slope

13.03.47: after a new pull and release maneuver @RV goes down again. Here at 20 m from the
start.



13.07.31 and 13.08.01: rope at 30 m. In the lefopithe anti roll rod characteristics are clearly

visible: the first half is rigid and the second Hdlexible. On the other side the anti roll rod fation

has been deformed when the vehicle was stuck bekiredrock. On the right photo nearly all the
slope is visible. The starting point is on the patly above the brightly lighted ice bank.

13.14.31: end of the ride at 31 m (longest ride uhgythe Dachstein campaign).



13.19.57: ride up. Back to the ice bank (after aghioig the rock).

13.25.19: right anti roll rod bent during the bloeige behind the rock.

4-10 CRV 89

CRYV test 89 was also conducted tiieof May and is the last test of the Dachstein cagmparlhe
objective was to send the vehicle close or in thalklake in the “ice lake” which occupies the lawe
part of Percival dome where the pathway crosses“ite lake”. No technological objectives in this
final test, the slope being very shallow and vanosth, but mainly the objective of shooting nice
photos. Two rides were conducted on the same ftelsecond one to shoot a video.



Location of test 89 in Percival dome

14.01.20: not yet in the lake.
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14.04.15: in the lake. The ride was stopped therat, knowing if the depth was increasing farther in
the lake.

14.05.22

14.05.38



5 CRVS5

The CRV 5 was built to allow the Latmos laborattwytest the Exomars ground sounding radar on
slopes. To support a higher weight compared tdOR¥ 3-3, the vehicle is based on bicycle wheels.
Initially these wheels were not equipped with tibes the Latmos team added tires in order to irsgea
the height between the instrument plate and thergtoThe Latmos team modified the instrument
support plate and, as the weight of the vehicle avaand twice the weight of the CRV 3, an electric
winch was purchased. Antiroll rods were provided.&mos but were not used, the slopes on which
the vehicle was operating being smooth and shallow.

Also it was noticed during the runs that, withol tanti yaw rod which is located at the junction
between the vehicle and the rope, yaw oscillatididsoccur. Without the anti yaw rod the distance
between the rope attachment point and the grawtyer is short and differences in contact forces
between the ground and the wheels on left and siglets induce these yaw oscillations.

The CRV 5 in the cable car station. The Exomars gnal radar antennas are the light yellow
truncated pyramids.

CRYV 5 utilization by the Latmos team on the icegobetween Tristan and Percival dome thd"2g
April.
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Close view of the CRV 5 with the Exomars ground ading radar antennas in yellow with black
foam protection around. The signal is sent by thiadk wire linked to the main rope. The
association Planéte Mars logo is on the right wheel

CRV 5 utilization by the Latmos team on the samepd the 30 th of April.



The CRV 5 from front side with the foam protectedtannas (and on the wheel on the left the
Association Planéte Mars logo)

For these runs the CRV 5 started from below the kaghich was the cause of difficulties in the
CRV 3-3 88 test.



On flat surfaces the Latmos team used a traditiomatt (left the 38" of April in the junction tunnel
between Tristan dome and Percival dome) or the gloliover (right in the upper part of Percival
dome).

6 Conclusions

Roughly more than 80% objectives were reached.obpectives before the Dachstein campaign were
not totally defined by lack of knowledge on the e@opography. Although | had from OWF and from
Internet, maps and photos of the cave, it was radfificult to have a 3D pre-mission mental
representation of the cave.

The main objectives were the following:

First objective was to assess what could be the usefulness @Riveto explore non reachable areas
by a man in space suit in a cave. This impliescipy a vertical hole. Also steep to medium iceps®
would fall in this category of non reachable slopeappeared during the campaign that Tristan dome



was a good representation of vertical non accessible but | had no certainty before the campaign
that such a hole would be available for experinmténa

Second objectivewas to operate the vehicle with the Aouda spatemud find what are the
difficulties linked to operations in a spacesuitisltest has been done numerous time in Utah tvith t
Mars society simulated spacesuits but this areerahsy to operate (no simulation of internal press
for example). It was clear before the campaign fmida spacesuit would be operated by a OWF
crewmember.

Third objective was to operate the vehicle with the Aouda spatgsmes, test which could be done
by the cliffbot APM patrticipant.

Fourth objective was to document the difficulties encountered omous all terrain configuration by
the vehicle on the way down or up.

Fifth objective was to use the pictures sent by cliffboat on bdadcam to control the vehicle
operations.

Sixth objective was to acquire nice pictures of the vehicle ingpectacular ice cave environment.
The main results and lessons learned are the fioigpw

1 The vehicle has demonstrated atsility to be recovered from two difficult situations twice,
demonstrating again an all terrain capability.

2 The photanapping of a typical non accessible holén this case the lower part of Tristan dome)
was possible because of a favorable slope configaréoverhanging and vehicle suspended to the
rope). This configuration allowed rotation of thehicle and landscape swappifde vehicle was
designed to conduct cliffs strata imaging and not &@° panorama. Exploring a hole in a cave
requests more 360° views than close up of strat&ihe vehicle could have been used 180° from its
nominal orientation, with the camera oriented oftpa® the wall in order to acquire general views i
the case where it was rolling on the slope anduaspended. Butraultiple camera configuration or

a rotating camera configuration would be best adapd to a cave hole mappinghan the present
configuration.

3 Guiding and controlling the vehicle without directview and using only the picture transmitted

by the hazcam has proved nearly impossiblerhere, alsoa multi camera (or camera swapping

the landscape) would be necessary or at minimum aadint view and rear view availability. Also

the video signal transmission is a problem in ciocaptd slopes where obstacles can preclude the
picture reception up hill.

4 For the first time aliffbot was demonstrated using another instrumenthan a camerawhen the
LATMOS laboratory used the CRV 5 for thkxomars ground sounding radarexperimentation. The
use of other than camera instruments was foresaeeea the beginning of the vehicle design but had
never been conducted before by lack of Planéte Eisgeciation capability to field more complicated
and costly devices than a camera. The CRVs testtigs till now were always more focused on the
vehicle all terrain capability than on scientifi@easurements.

Many thanks to the OWF team for a perfect orgaitinaand the selection of this very interesting (as
well as beautiful) experiment location.



