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Lunar activities as ‘testbed’ enabling sustained human and robotic explora'tion
of Mars and more remote targets. -- . i
o _ E - --.- --I
Seriespof neboetic'missions begin in 2008 to prepare for later humaniexploration
of lunar surface whichibegins in 20452020 time frame. = -
Lunar exploration missions make discoveries, develop new technologies and
approaches, identify resources to support sustained activity in space.
- g -
. .._-,.._ﬂ_,..-_;'i' ——L
ars robotic exploration goals include searching forevidence of life,
understanding solar'system formation, preparing for human exploration.

- Develop key capabilities suppoting long durationscombined human and. robotic

exploration, including power generation, life Support, transportation:. = il

Human exploration of Mars begins after robotic missions have completed
reconnaissance of planet and human presence on Moon becomes sustainable.
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Moon and -Mars Exploration L éssOns

\We can deliver a human crew to another body, keep them on the surface for at
least a short time, and return them safely.
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IA human, crew provides a more effective surface expioratlon tool .than"rovefs--

alone.
o

Exploration with humans is much more costly than with rovers alone.
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\We.can deliver and keep rovers elsewheﬁgﬂpflnltejjy" Bt

With present technelegy, rovers could move to, collect samples and send back
analyses from relatively easy targets selected through human telepresence.
\With present technology,. rovers have limited,coverage and I|m|ted flexibility,fi for
dealing with the range of challenging terrains.

- P .
How could we increase cost effectiveness of human crews and
effectiveness of rovers?
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communication, shelter, resource identification and capture.

LARA systems deployable from Earth/EarE orbit

or Moon/Lunar orbit and operate aut usi S robotic

mission or threugh interface to support human exploratlon
i ok

LARA rover caB'abIe of operating in terrains with_high and

variable relief and roughness inaccessible o appendaged*

vehicles through capability to.continuously change. scale, motion,

and gait with, many degrees of freedom.

Mission component design based on Addressable Reconfigurable
Techinology (ART) developed as part of ANTS architecture. 5.:.
" :

Robust;, ‘form follows fufiction’ vehicles transform providing all*

{key functions: transpertation‘iffspace and on the-ground,

pace Station,
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~ LARA Characteristics

* Support, sustain robotic or human exploration - -
. *Operate autonomously, singly:or coIIec;Lver,__ _.-_,._ g
| = . " with-or without human partn ) "
r f B Key functionstinclude lander, rover, antenna, o
o . .« _shieconnaissance, shelter e . -
: P = * Surface targets by preselectlon or opportunity - -
' * Search for resources, evidence for life

E g * Cover many kilometers w =
‘.I * Operation,on.an anyﬁ K

* Propulsion in Space: Mini Chemlca_fhruster

- *Propulsion on Ground: Node and Strut
' % Power: solar or nuclear batte rie :
h — . -I |
e J‘lﬁ!ﬂ
| =
. - 3 - 1..
| = -!' . r|
e -
- m TR 1
LB N [

"'irqAC Space Col_?ll;’z_ation Clark et al LARA X




A Vehicle Design: -
. = , —

onfigurable ', FOVENS, antennas
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-, Based on tetrahedron as ‘building block’, acting

| = singly, or connected in continuous network, where

ices act as modes from which struts reversibly
| EOEDI oyl . s
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Conformable tetrahedra arersimplest space-filling_-

ki
=

form the'way triangles are simplest plane-filling facets. PAVAYA
AT

|
! Single tetrahedra give high flexibility, move by :
d tumbling. Continuous networkgl_g.%imelﬂg:.d1 Sy
‘ee of freedom resembling amoeboid movement.
T

=

I S .
'— Must be reusable, reconfigurable, and multi-
:—-functional to meet all mission_subsystem needs.
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CARAMISSION Scenane: EFormsifellow FUunctions

Function : Eerm .
Cander/Space Mobility, Flattened. with mini-thristers at sides, edges
Amorphous Rover/Surface Mobility Size@terrain scale,
: . Shape@required mevement I
; il Gait@roughness
= e:.g., rough:amoeboid, steep:slither, smeoth:spheroid
E Payload Carrier/Transportation Same as Royer
Antenna/Communication Beacon/Bowl shape, Single or arrayed
I Shelten.provider Cover over nattiral enclesureser hut-like in open =
Specialized Task/Reconnaissance Form platform for measuring/collecting operation i

LARA

Lo Ameuphoure Houer St
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net\Walker D@pmem f]
From simple tetranedroniwalker, making
punctuated tumblingimovements, sized to
‘navigate the level of-rOlW- _n,
4Tetrahedral walker, with aninterio®node for
payload, with movement analogous to 1Tet,
“to a'12Tetrahedral'Walkerbeginhingt
exhibit continugtls motion. The 4
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|-then cenforming to surfaee, to tetrahedral

NenWalker Development Paii
In a continuous or mMulti=tetrahedral structure,
moevements have a high.degree of-flieedem,
reminiscéent of amoeboid movement. Thus
continuous; ‘shape shifting’ is possible, from
flattened rectangle for stable landing function

amorphousirover shifting from'slithering to
rolling depending on surface, to.concayve
surface.formation for'antenna function:.
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MOLECULAR EXPRESSIONS

“Digital Microscopy

- e ;
< Amoeba

(Protozoan) 4( 7
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:',_ Through theOlympus BX-60

Microscope with
—Dark Field lllumination
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Loeation: 1.0-2.0 AU

Space

Launch Date: 2010-1015
Duration: Months or even years

""S:pac_ecraft Mass: 10-50 kgt
Materialszd0-100 g/cm? —
Power system: Solar Cells or Nuclear Batteries |
Power system mass: 5 kg

e
[

F

Power requirement: 10-30 Watts .

Space Propulsion system: Chemical"Mini-

Torque at node:
thruster

Operations: -

Autonomous or through linkswith crew

| Ground Propulsion system: Node and Strut

T el

[p—

Individual or eollective operation
oventens of kilometers per day

No single point failure

Robust to minor faults and major failure

£
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LARA SCenanios

[fand payloads autonomously, them ermioVInG
advance recbnﬂaissa%régms’.,.mapping, '
gathering-and analyzing samples and images of
l_tllrl.e_ terrain for use in site selection.

. Pl N

Analysig_of.s-é_.r:r'\plgs, to,détermine elemental,
mineral, water; biogenic material,-or rock -
| abundanﬁs, or terrains;to ermine §1‘,@Egraphy,
| morpholegyrage, would inevitable lead'to'the -
identification of sites with important clues on the
origin of planets, the solar system, or life itself.

m&% networked rovers transform intoantefine | -
nsmit findings andweceive instructions. S
Rovers transform to provide shelter, by creating, |
..l.seeking, and enclosing/matural semi-enclosed

-|-formations, identifying and collecting environmental
' | materials for use construction.

Networked rovers form a temporary or permanent
communication, navigation, or observatory ¥
facilities.
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rtfést which m'if.olves development of 3D control and comm@pd mtﬂ@ﬂ gt

-based materials will ultimate 1
ace in order to mié%z‘e deployment Ss, and power requirements. el

through simulation of tetrahedral movement constructlon of tetrahedra'l _r
prototype, design of 4, 12, and continuous tetrahedral structures, planned field

and 4TET walkers (§d§"he off-|C|aI ANTS WebS|te [1]). %5 r

e L
The pogltlal-f'f@klbllﬁy,ap adaptabll ANT r's architecture.demands.a-high__
level:ofartificial Tntelligence we ar € Process of*ﬂeweléiﬂng through our

role in ST-8 COTS High Performance Computing and Multi-agent Simulations
using Beowulf clusters.

@ structures g

_Specially manufactur n sheets of this carbon film on<fiber material with shape
memory have already been manufactured. A particul of concern for our.
application would be‘déployment-of surfaces with dﬁlﬁaretamﬁem_p‘w over=
potentially millionsfof deployments, and the power expeﬁdliug._equﬂ’e‘l'hent to=a
hold the material at partial.deployment.
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