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Abstract— This paper describes the design and implementa-
tion of DAVID, a lunar vehicle developed for the European
Space Agency (ESA) Lunar Robotics Challenge, presenting
severe terrain negotiation and sample acquisition challeges.
We discuss in some detail two of the main innovative aspects
of our entry to the challenge, i.e. the locomotion system and
the sample acquisition system.

Motivated by the challenge specifications, a range of diffemt
locomotion systems were considered, among which we chose
simple, rugged and effective wheeled system. We provide an
account of the choice of five different types of wheels, which
were designed, analyzed and experimentally tested in cortdins
similar to the challenge. The system eventually turned outd
be very effective in negotiating 89% slopes of volcanic teain
on the challenge site, Mount Teide in Tenerife.

To reduce the distance to be traveled on the difficult terrain
and avoid risks in reaching the lowest parts of a crater, the ehi-
cle was endowed with an innovative sample acquisition syste
i.e. a casting manipulator. Casting manipulation is a techigue

Fig. 1.
Island.

Picture of the Challenge Site at Minas de San Joséeirerife

in which the end-effector is thrown, the sample material is
acquired, and the end-effector is retrieved using a light téher
that acts as a “fishing line”. The casting manipulator develped
for DAVID uses an innovative sling-like technique, capableto
obtain longer and more precise casts than previous oscillatg
versions. The analysis and experimental verification of DAD’s
robot sling are reported, demonstrating its effectiveness

Finally, we give a brief account of the outcomes of the ESA
Lunar Robotics Challenge, where our team came in second over
other 8 teams that passed the final qualification phase.

I. INTRODUCTION

In October 2008, the European Space Agency (ESA) ¢

the crater to locate and collect at least 1006f selected soil
material, and return back to the landing site. The two main
design challenges were the development of the locomotion
and the sample acquisition system. Therefore, the Uniyersi
of Pisa developed a six—wheeled rover with an innovative
soil sample acquisition approach.

In order to achieve a larger working space, we propose
a casting and retrieving system based on the casting ma-
nipulation technique [1]. The system is novel with respect t
already proposed techniques [1], [4] because here thengasti
manipulator throws the end-effector with a circular honitzd

riovement, such as that of a sling, instead of using a vertical

ried ou_t the ESA Lunar Robotics Challenge (LRC), deSignegscillatory movement as proposed in previous articles. The
to motivate and accelerate the research and developmentn%(N approach leads to a completely different technique of

tele-operated lunar rovers. The competitive charactéoiza

casting manipulation, capable of obtaining longer and more

of the challenge proved successful in stimulating a SO"ﬂrecise results

volume of research from universities into lunar vehicles
research. The short term objective of the challenge was til)
design of a robotic vehicle capable of retrieving soil saspl
from a lunar-like crater through remote operation. For th
the challenge was held at the Minas de San Jose in tlpg
National Park of Teide on the Island of Tenerife, given it%

moon-crater-like terrain profile (see Fig. 1).

The paper is organized as follows. Section Il provides a
Eview of the competition challenges. More precisely, Bact
II-A and Section 1I-B describe a set of technical specifica-

Flons for the locomotion and the sample acquisition sysfems

spectively, for which viable solutions are described in
ection Ill. Then, Section IV presents the system’s setup
and shows its performance through experiments. Finalgy, th

The challenge presented by the competition involved thg, o ,,ding Section V reports the results of the Challengt an

development of a robotic vehicle that can deal with a lun

like terrain and overcome inherent difficulties in conditso
of restrictive energy availability. In particular, the mleb

robot should be able to accomplish a compound task con- I

%omments on some expertise that we have gained through

participation in it.

. PROBLEM REQUIREMENTS

sisting of climbing up the rim of a crater, descend down into

Authors are with the Interdepart. Research Center “Enriegdgto”, Uni-
versity of Pisa, Via Diotisalvi, 2, 56100 Pisa, Italy. Phom89 050 553639.
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A. Locomotion System Problem

Design of the locomotion system has to consider a number
of technical problems that are listed below. These involve



« soil composition the crater soil is very abrasive andpossible here due to the space limitation 0f@% Therefore,
composed of granular loose material, ranging from finéo reduce the energy effort for accomplishing the missiom, w
dust grains to particles of up to few centimeters. It€mploy an end-effector casting and retrieving system. The
chemical composition is silica based. The terrain profilenechanism is based on the casting manipulation technique
presents fluid—like behavior and is able to provide veryl], allowing an end-effector to be deployed at large disémn
low traction, due to low humidity and soil granularfrom the robot’s base by throwing (casting) it. A tether eabl
variety. that links the end-effector to the robotic device, is used to

« environment: the path from the landing site and theretrieve the end—effector. The operating phases of casting
crater is a continuous slope of smooth terrain profilenanipulation comprise a startup phase, a casting phase, and
(roughness) and approximately) m distance. Access a retrieving phase. A casting manipulator mounted onboard
to inside the crater is determined by corridors withthe mobile platform can easily reach several meters from its
different inclinations. These corridors can be comprebase. Thus, its exploitation can indeed reduce the path to be
hended of unconsolidated slopes with inclinations of ugravelled by the robot and even avoid a full descent of the
to 40 degrees. Given the soil characteristics, slides cagrater.
occur whenever the soil is loaded, and hence, descend-
ing/ascending the slopes poses an essential role in the Ill. PROPOSEDSOLUTION
design of locomotion of the robotics means. The crates. | ocomotion System

features obstacles (rocks) of sizes that vary ffainm .
The development of a traction system for unstructured

to 0.5 m, which do not present a major locomotion . ; ¢ trade—off . fact h
problem given that paths around the obstacles are viappgvironments must trade—otl among various tactors, suc
traction skill, maneuverability, obstacle negotiatiand

even though at the expense of time. Moreover, obstacl&8

are contained in a relatively small area. Inside the cratgyStem's reliability. For a competition such as the ESA LRC,

there is 20x40 m flat zone with a varied distribution of reliability is the main aspect to be considered. Moreover, i

small positive and negative slopes of relatively smootﬁur_ specific §|tua_1t|on traction has a crucial role, e_spl;u_al
profile. uring the climbing phase. Based on these considerations,

o maximum allowed weight the maximum allowed sys- thed splqtlzn wed prgposi 'i gompé’seﬁ olf a_trr:glld fraﬁ]e
tem weight is100 kg. Particular attention to weight and six independently actuated rigid wheels with 1ugs. 1he

distribution is an important factor during craters as_r|g|d_frame simplifies the structure, ma_kes it more reliable
cending/descending tasks provides a stable support for the casting manipulator. The

« maximum allowed volume the maximum allowed 6 \r/1v_h|eelsi| thrfhe of Wh'tCh are placedb (?[n leachf Z'.de of_the
occupancy of the robot, when stowed 0is m?. vehicle, allow the rover to overcome obstacles of dimersion

. power consumption the maximum power consumption comparable to the rocks inside the crater, and they give good

is limited to 2 kW, and a minimum autonomy of two climbing performance. Positioning, size and shape of the
hours is required’ wheels have been studied as they play an important role

in the locomotion system. In the remainder of this section,
B. Soil Acquisition Problem we present the adopted model for traction, and we discuss

One of the main objectives of the mission is the acquisitioﬂbStaCIe nggc?tla::on f_‘l‘?‘ thef robots maneuve.rablllg/.. ,
of at least 10Qy of selected soil specimens from the bottom 1).Tract|on. The a ||ty_ of a rover to attain sul icient
of the crater. Soil samples are granular and of sizes thiaction to move the rover itself heavily depends on its whee

vary from dust grains to pebbles. Selected soil samples aE}éStelmdB]' ':‘Ir:OSt aII_ ava;:l_aEle_z rr|10ddels require accurhate
inside a delimited and visually distinctive area, and stioulk"oWedge of the terrain which include parameters such as

be detected by the robot's operator via cameras. Once tﬁghesweness,fnctlonal moduli of deformation, moisttwa-

material is found, it must be acquired and brought back "t density, and viscosity. In the spirit of the challengly
the landing site. very uncertain data concerning the terrain morphology were

To accomplish this, the possibility of reaching |argeqiven, an_d thus only rough measures of these parameters
workspaces affords great potential advantages. Statdresf— were gvallable. ) o _ .
art solutions to operate on objects at distances severabktim A W'del_y accept_ed tlre—terra|_n interaction model for rigid
larger than the physical dimensions of the robot involve movheels with !UQS IS proposed in [7], where the forge_zs and
bile platforms equipped with articulated arms [5]. Notwith mom.ents acting on the tire under steady—state conditiens ar
standing, pure wheeled or legged robotic locomotion Systenqon&dered to bg entirely due to the no_rrqal pressure and the
depend heavily on the characteristics of the terrain, axeetb shear_s_,tress acting on the wheel-terrain mte_rface. These t
to trade between speed of execution for robustness andhterrguant't'es are _related to the external load a_ctlng on theshe
asperities, and above all use almost all the robot’s eneréﬁ'/ the calculation of the drawbar pulf;, defined as [2]:
for its motion. On the other hand, the alternative of buitdin F,=F—R,
arms with either very long links, such as the Canadarm [6],
seems to be applicable only in some very specific casesvhere F' is the thrust force determined by integrating the
for instance in the absence of gravity - and yet would not bleorizontal component of the shear stress over the contact



Fig. 2. Model of tire—terrain interaction for a rigid wheel.

o o &

Fig. 3. a) Nose-in failure, b) Hang—up failure, c)6A-wheeled robot can
better negotiate the hang-up failure.

Fig. 4. Depiction of the casting manipulator on top of the fteoplatform.

area and is given by 3) Maneuverability: The ability of the rover to follow a
path depends on the vehicle’s encroachment upon free space
by D b1 b2 (see e.g. [3]), which we have verified through experiments.
F = 5 S(0) cos 6df — S(0) cosbdb |
0 0

B. Casting and Retrieval System
and R, is the motion resistance due to tire—terrain interaction The structure of the casting manipulator is depicted in

determined by integrating the horizontal component of thgjy 4 and consists of a rigid link; with a revolute joint
normal pressure over the contact patch and is given by ¢1 = 6, arigid link L, with a revolute jointgs = «, a tether
o, 9, cable departing froni, and an end-effector attached to the
/ P(6) sin 0df — P(0) Sinede} , cable itself. Its configuration is described hy= (6, «, 1),
0 0 whered represents the tilt angle andthe throwing angle,
and! is the length of the cable. Its operation consists of the
'following phases:

_ byD
)

Ry

where D and b, are the wheel's diameter and width
respectively, and, ,, 65, S(f) and P(9) are as in Fig. 2. . . )
In particular, the shear stres6) and the normal pressure * Startup: the arm is lifted up to the desired tilt angfe

P(6) depend on the sinkagg. Moreover, the drawbar pull is and the end—effector is accelerated until a desired speed
influenced also by the slip= 2=+, wherev is the forward dis reached; . . .
component of a wheel's speed, angis its peripheral speed.  * casting at a suitable throwmg.angla, the clutch is
The slip represents an energy dissipation reducing theheehi released and the end—effector is thrown tangeri:fte
efficency and typically ranges between 20% and 40%. movement,

« sample retrieval at a suitable landing instant, the

2) Obstacles negotiationThe robot’s ability to overcome i : )
clutch is engaged and the end—effector is dredged in

obstacles, such as the ones that can be found in the Challenge e
site, can be studied within the framework considered in [3].  °rder to collect a sample of material; finally, the end—
Among the various types of failure, we focused on the two effector itself is retrieved by rewinding the cable.

which are most likely to occur, so—calletse—inandhang— During the startup phase, the tilt angle is kept constat, i.
up failure (see Fig. 3-& b)). These undesirable situationst = 0, and, as the cable is completely winded, we assume
have been avoided by considering the size of the obstaclégat the end-effector’s frame is coincident to the frame of
the wheels’ diameter and their number. Figc®hows that L, i.e., O3 = O.. During the casting phase instead, the
a 6-wheeled rover can better negotiate the hang—up failurend—effector dynamics can be studied independently frem th
However, due to traction limitations, the hang—up failuae ¢ manipulator configuration. Therefore, in order to solve the
still occur if the robot’s center of gravity is not shiftedgta end-effector flight trajectory, its initial state is deténed by

the apex of the obstacle. This poses a further constraint ihe differential kinematics of the manipulator during &iar

the robot’s design that imposes that its center of gravity ighase, and ballistic flight is described by the end—effector
shifted toward the leading axle, which we have obtained b§ynamics equations during the casting phase.

placing the casting manipulator and all the batteries in the 1) Direct and Differential KinematicsThe positionp. of
robot’s front. the end-effector w.r.t. a base frame attached to the robot’s



base can be extracted from the robot’s direct kinematics
T(Q) Tl(évh) TQ(?JaG) T3(:E7/La$)T4(27d)
T5(2, ) Ts(2,7) T7 (2, B) Ts(9,v) To(2,1) ,
whereh, r, d are constant parameters reported in the figure,

and i, and~ are two construction displacements. Direct
computation ofT'(q) givesp.(q) = (Ze, Ye, z) With

Te = (CoCaCp—CoSasp)Cyl—sgsyl+
4+ cgrca + coiar + Sod,

Ye = SacgCyldcasgcyl+T15,,

Ze = (—S9cacp+50Sasa)cyl—cosyl+

S9T Co — Splagz +Cod+ h.

The end-effector's speed can be computed by the robot's
differential kinematics, that can be obtained as

pela) = 24D 4 _ 5004,

= a—q
where J(g) is the robot's Jacobian and ¢ = (6, ¢, ).
Having denoted withw = & the angular speed of the second
joint, with v = [ the linear velocity of the third joint, and
having# = 0, the computation gives the result

Te = —co(sacg+casp)eylwt
— (cocasp+cosacp)v,
Je = (co(cocacs—coSasp)cyl—sgsyl+
— Sp(—socacs+S95a53)cyl—cosyl)wt
— (SaSp—cacp)v,
Ze = 80(Sacs+casp)cylw+ (socass+56Sacs)v.
2) Dynamics: The dynamics of the end—effector during

the casting phase can be determined by considering the end—
effector itself as a mass point, subject to a friction fof¢e
generated by the clutch and transmitted through the cable.
Assuming that the cable is never loose, the frictiorFjs=

(1/p) e, Wherer is a resistant torque due to the residual
friction present between the stator and the rotor of thechlut

p is its radius, andp. = (e, Je, )T = H”z:g” that is
aligned with the cable. Then, the end—eﬁectbr’s dynamics
reads

(&+m) i) = =0

T’
L+m)ie(t) = 8-, (1)
p%—i—m Z.(t) = —mg—i—icp(t)T.

IV. EXPERIMENTAL VALIDATION OF THE SYSTEM

Validation and performance evaluation of the traction sys-
tems above presented and based on different kind of wheels
have been achieved through experiments. Effectiveness of
the casting and retrieval system has also been successfully
confirmed through experiments. This section describes the
setup of the overall robotic system and experimental result

A. Experimental Setup

o embedded controller a National Instruments Com-
pactRIO (cRIO-9014) has been used with modules for
analog input, analog output, digital I/0, 2 port CAN
Bus, 8 RS232 ports, and relays;

Wedge

Reservoir

Battery pack and

Blades and apertures radio-receiver

for sample entrance

Fig. 5. Cross—section of the end-effector.

« locomotion system It is comprised of four PR-90 and

two PR-70 Schunk Power Cube motors. A PAE130
Terminal Block board is responsible for powering the
motors and as a protection to the CAN-bus interface.
casting system It is composed of a support frame, a
hollow vertical shaft and a counterbalanced rigid arm,
representing the first and the second links, respectively.
The first joint is actuated by a Schunk PR90 motor
linked to the support frame. The rigid arm is integral
with the vertical shaft, that is actuated by a Schunk
PDU90 motor. The shaft and the motor are linked
together by a reduction gear of ratig’3 to increase
the angular velocity. The cable is winded around a
reel mounted on an electromagnetic clutch. The reel
is mounted on the rotor of the clutch that is keyed
on a shaft integral with a Schunk PR70 motor. The
cable passes inside the shaft, driven by some pulleys
to reduce friction, and reaches the end of the rigid arm,
where it is linked to the end-effector. The structure is
made of aluminum alloy to minimize weight. The cable
is made of polyethylene fiber in order to be light and
resistant. The end-effector consists of a rectangular box
presenting two apertures on each large face (see Fig. 5).
The two other faces are equipped with wedges, to tilt
the end-effector and make it fall upon a large face.
When the end-effector is pulled, the sample material
is driven inside the reservoir by mean of blades. Once
the material is collected, a radio—controlled servomotor
installed inside the box moves two walls closing the
apertures. In this way no more material can enter, and
no material can come out of the reservoir. To release
the sample material a further tele-controlled servomotor
opens a little door at the bottom of the reservoir, so that
the material can flow out driven by some slopes;

vision and laser systemlt is composed of an Imaging
Source DFK21AF04-Z color camera with mechanical
zoom; 2 DBK24AF04 color cameras; an Acuity Laser
Measurement AR1000 laser; and an Acuity Research
PTU-46 pan-tilt; Camera acquisition is done through
National Instruments Compact Vision System (CVS).



~ 28
A A 26
‘ <24
® 22
/ é’ 20
< 18
a b c d 16
14
15 20 25 30 35

Fig. 6. The various wheel profiles that have been evaluatedthfe
locomotion system.

Inclination [°]
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Fig. 7. Ampere vs Inclination for 80°/s
The software is composed of a user interface on a host

computer, onboard applications running on the CompactRio

gnﬁd CVS. The software was developed using NI LabVIEW °/js a b ¢ d e
e 30 A PA PA A A
, ) 20° 60 PA F F A A
B. Locomotion System Experiments 120 F = E PA A
Numerous experiments have been done in order to test the 30 PF F F PA A
effectiveness of the different proposed locomotion system 3 60 F F F PAPA
. i i 20 F F F F F
Fig. 6 shows the five different wheels tested. From these, o £ F F m m
tvyo main typologies can be observed: small dlametgr carcass 0w 6 F EFE F F F
with large length lugs or large diameter carcass with small 120 F F F F F
length lugs. A brief description of these wheels is presiénte
as follows: TABLE |

« wheelsa andb present different distribution of pressure ~ A: ACCOMPLISHED PA: PARTIAL ACCOMPLISHED F: FAILURE.
over their surfaces;

o wheelc is only used as a reference;

« wheeld is used in order to compare carcass dimensions;

« wheel e is the largest and presents a different lughan wheeld. The standard deviation of the plot 25184
distribution w.r.t to wheet. for wheele and1.99A for wheeld.
The experiments have been performed at the San Rossor% Flat terrain locomotion: Table Il presents the flat

Regional Park (Pisa, Italy) that presents different types Qerrain locomotion experiments done for wheels’ angular

sand terrain with different slopes. Experiments has Sho"‘(félocities 0f60° and120°. Tests were performed on%dm

that the simplified models that we have adopted to descril?ledck. Values for average speed during the task, total gnerg
the wheel traction are sufficiently accurate, despite ofrthespem and total slip are presented for wheelsd and e

simpliciFy. Res.ults. can be summarized as follows: ) Slippage values are similar for low velocity tests pregenti
1) Climbing: Climbing experiments are presented in Tanigher dissimilarity for higher velocities. Wheel presents

ble 1, where wheels were validated for different slope mali ¢ |owest slip, the lowest energy consumption and the best
tions and different angular velocities. Tests were peréam average speeds.

on slopes with &.4m path. Results report the following - ) i

cases: accomplished task whenever the locomotion system is3) Maneuverability: With reference to Fig. 8, we have
able to deal with the slope during the whole path: partiallj"€@sured the drifts: andy for a 360° skid—steering turn.
accomplished task whenever it can't accomplish the fu esults are reported in Table_IV. As above it is clear that
path; or, failure. It can be verified that wheels within thevheele performed the best. Finally, wheels that performed
big carcass typology presented the best results. Given tH{PPerly during backward movement tests weged ande.
wheelsd and e performed the best, Table Il shows a more

detailed analysis of these wheels where values for average

speed during the task, total energy spent and total slip are 30[°/s] 60[°/s] 120[°/s]

presented for 20° slope. From the ta_ble, it can be observed Sp 003 013 X

that even though wheed presents higher slip, it can deal d E 6 3 X

with the slope in all cases presented achieving higher speed S 22 20 X

with same energy consumption. SP 0.06 0.14 0.23
Moreover, Fig. 7 shows energy consumption as a function e E 6 3.2 3

9 . S 29 30 25

of slope inclinations for wheelsl and e. The lines are a

linear approximation of the data acquired during the tests. TABLE Il

From the figure, it can be observed that whegbresents SP: SPEED[m/s], E: ENERGY[Wh], si SLIP[%]

lower consume and is able to deal with higher inclinations



Test 1

Test 2

Flat Terrain[0, 70°] Flat Terrain[0, 70°] 08}
Motor Speeds0° /s Motor Speed120°/s [_Jallowable task area
Soeed E Sid Soeed  E Si sl * expected landing pos.
| Spee nergy iy Spee nergy P ' ¢ actual landing pos.
c| 013 8.0 19| 0.25 4.38 4.2 R o
0.4
= -00
d| 016 6.0 1.0| 0.32 3.8 3.8 w§ N, ./ ?‘.
e| 019 60 13| 039 31 24 Tooz N\ % o'y
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TABLE III > L Ve
SPEED[m/s], ENERGY[Wh], SLIP[%)] <7’
-0.2 ..
-0.4
| | | | | | 1‘.4 1‘.6 1.‘8 é 2.‘2 214 216 2‘,8 é
x [m]
el
. lx Fig. 9. Results of the two sets of experiments that have besigied
"""""""""""""""""" for validating the casting system. The robot is placed atdthigin of the
system.
¥
7 . .
in average. The accuracy of the flight model w.r.t. the
Fig. 8. Model adopted for maneuverability evaluation. experimentsg1 can then be described by a biﬁ@ — f)e|

of (0.1270,0.0230,0)T m. Moreover, the precision of the
casting system can be described by a standard deviation of
0.131 m alongz, and of0.101 m alongy (see the dotted el-
lipse around.). For the sefS,, the expected landing position
Two sets of experiments have been designed to evalugiethe end—effector i®. = (2.788,0.157,0)7 m, whereas
the performance of the casting system, and in particular e actual landing position ig. = (2.837,0.121,0)7 m
validate the dynamic model of Eq. 1 for the flight phase ofy average. The accuracy of the flight model w.rt. the
the end—effector. The first se$;, involves initial throwing experimentsS, can then be described by a bias — p.|
conditions of = 0, a = 245°, and & = 1350 °/s,  of (0.0490,0.0360,0)” m. Moreover, the precision of the
with an end-effector of16 g. The second sefy;, involves  casting system can be described by a standard deviation of
initial throwing conditions of¢ = 0, o = 265°, and (093 m alongz, and 0f0.216 m alongy. According to the
& = 1200 °/s, with an end—effector 0888 g. During both  challenge requirements, the sample soil is containedmithi
types of experiments, the robotic end—effector is thrown byquare region 050 cm?. Two red boxes around the means of
disengaging the clutch at the desired throwing configunatio the actual landing positions represent these allowablemsg
During the entire flight, the clutch is completely disengige of successful sample acquisition, and are added in the figure
and thus only a residual torquedue to friction is transmitted only as a visual guide.
to the end-—effector through the cable. A simple model fa& thi - Another aspect that must be considered is the uncertainty
torque can be obtained by assuming thas proportional to i the throwing angley, which obviously affects the landing
the velocity of the cablg/#? + 5> + 2 via a coefficient3.  position of the end—effector. In fact, the actual throwing
By using 5; as training set, the estimated value ®f angle 4 may differ from the predicted one, due to delays
is 0.0576. The second setS; has then been used as ajn command transmission and in the actuation system that
validation set of the CaSting SyStem. F|g 9 reportS theltgsu are not easy to Compensate. Moreover, the effect of this
of both types of experiments. For the sgt, the expected yncertainty increases with the distance to be reachednGive
landing position of the end-effector, as determined by thg precisior, as a maximum distance between the actual and

dynamics in Eq. 1, ig. = (1.710,0.255,0)" m, whereas the ideal landing position, the actual throwing anglenust
the actual landing position ig. = (1.583,0.232,0)T m satisfy the constraint

C. Casting System Experiments

€

€
— - | <a< S
arccos (1 302 1 52)) < & < arccos (1 202 1 52))

c d e
; ig g 3 depending on the distancé to be reached. Fig. 10 is
a graphical representation of the above relation evaluated
TABLE IV for different precision values. Our implementation of the

DRIFT MEASURES IN[cm)]. system is able to release the end—effector at a throwingeang|

& = a =+ 6°, wherea is the theoretical value. According
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Fig. 11.

Snapshot of DAVID, the University of Pisa Robotics&m for

the ESA Lunar Robotic Challenge, during a casting expertraéfenerife

Island.

the locomotion system proved to be able to accomplish
the required mission: the vehicle was able to negotiate
inclines of up to 40 degrees during both descending and
ascending tasks. Inside the crater, the vehicle showed good
maneuverability and low slippage. Moreover, it was able to
deal with obstacles with dimensions of arous@cm. Due

to malfunctioning of a component of the casting system few
hours before the Challenge, and the impossibility to replac

it in short time, the casting system was not used during
the Challenge. Instead an alternative mechanism that we
do not describe here for space reasons was used. However,
its operation was later tested at the Challenge site, which
showed that the casting manipulator to be adequate for the
task. A snapshot of DAVID during a casting experiment at
Tenerife Island is reported in Fig. 11.

This paper describes the developed architecture for a lunar
robot designed to compete in the 2008 ESA Lunar Robotics
Challenge. More specifically, the locomotion system and the
sample retrieval system were presented. The most innevativ
aspect of our approach is the casting manipulator that was
used to retrieve soil samples. Both systems were tested and
experiments showed their effectiveness. The rover deedlop
for the challenge provides a modular platform that can be
used for future research with mobile robots; more specifi-
cally, the casting system presents interesting challetigs
can motivate new research on this kind of manipulator.
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