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High Mobility Requirement for Exploration of 

Rugged Terrain: Reconfigurable architecture [1,2] is 
essential in exploration because reaching features of 
the great potential interest, whether searching for life 
in volcanic terrain or water in at the bottom of craters, 
will require crossing a wide range of terrains [3]. Such 
areas of interest are largely inaccessible to 
permanently appendaged vehicles. For example, 
morphology and geochemistry of interior basins, walls, 
and ejecta blankets of volcanic or impact structures 
must all be studied to understand the nature of a 
geological event. One surface might be relatively flat 
and navigable, while another could be rough,  variably 
sloping, broken, or dominated by unconsolidated 
debris. To be totally functional, structures must form 
pseudo-appendages varying in size, rate, and manner 
of deployment (gait) [4]. 

Volcanic and Chaotic terrain, of particular interest 
in the search for clues to Mars complex history, is 
highly variable as compared to other terrains and 
largely inaccessible by wheeled vehicles [5,6]. In 
analogous terrain on Earth,  craters range from km-
scale calderas to tens of meter-scale cinder-cones and 
meter-scale vents. Surfaces range from centimeter to 
meter scale rugged AA lavas that characterize high-
viscosity melts to smooth Pahoehoe lavas that 
characterize low viscosity melts composed of platy 
surface separated by cracks ranging up to meters in 
size. Unconsolidated sediments derived from volcanic 
fallout, wind erosion (loess) and rock-falls from 
instable slopes on volcanic structures. One place to 
look for biosignature materials would be in places 
inaccessible to wheeled vehicles, such as in loose 
unconsolidated debris above fissured, highly fractured 
older lava fields [3].  

High Mobility Potential of Tetrahedral Explora-
tion Technology (TET):  We are in the process of 
developing mobile systems with the extreme mobility 
needed to explore remote, rugged terrain [1,4,7]. We 
call these systems Tetrahedral Explorer Technologies, 
or TETs. TET architecture is based on the tetrahedron 
as building block, acting singly or interconnected, 
where apices act as nodes from which struts reversibly 
deploy. Conformable tetrahedra are the simplest space-
filling form the way triangles are the simplest plane-
filling facets. The tetrahedral framework acts as a sim-
ple skeletal muscular structure.  

Progress in TET Development: We have already 
prototyped a simple robotic walker from a single re-

configurable tetrahedron capable of tumbling and are 
simulating and building a prototype of the more 
evolved 12Tetrahedral Walker (Autonomous Lunar 
Investigator) which has interior nodes for payload, 
more continuous motion, and is commandable through 
a user friendly interface [8]. We are currently develop-
ing a more differentiated architecture to form detach-
able, reconfigurable, reshapable linearly extendable 
bodies to act as manual assistant subsystems on rovers, 
with extensions terminating in a wider range of sen-
sors. We are now simulating gaits for and will be 
building a prototype rover arm. Ultimately, complex 
continuous n-tetrahedral structures, more advanced 
versions of Class A, will have deployable outer skin, 
and even higher degrees of freedom.  

12TET Rover Advantages over 
traditional wheeled or tread robots in-
clude abilities to [8]:  

1) traverse terrain more rugged in 
terms of slope, roughness, and obstacle 
size. 

2) precisely place and lower instru-
ments into hard-to-reach crevices. 

3) sample more locations per unit 
time. 

4) conform to virtually any terrain.  
5)  avoid falling down or getting 

stuck permanently 
6) be easily maintained due to its 

modularity. 
7) have a robust CC&T system built 

form common networking hardware and 
software 

8) avoid failure through compensa-
tory gait (limp) 

9) have distributed sensors embed-
ded in structure 

10) accommodate a range of de-
ployment mechanisms and power 
sources. 

Future of TET Development [1,2,9]:  Complex 
continuous n-tetrahedral structures, more advanced 
versions of Class A, will have deployable outer skin, 
and even higher degrees of freedom. Combined high 
and low level intelligence through an extended neural 
interface will allow `shape shifting' for required func-
tion, from surface-conformable lander to amorphous 
rover to concave surface formation for antenna func-
tion. Such architecture will consist of reusable, recon-
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figurable, mobile, and self-repairing structures, capa-
ble of acting as a multi-functional infrastructure. TET 
systems will act as robotic adjuncts to human explor-
ers, enabling access to otherwise inaccessible re-
sources essential to sustaining human presence.  

Ultimately, combining high and low level intelli-
gence through an extended neural interface allows 
`shape shifting' for required function, from surface-
conformable lander to amorphous rover to concave 
surface formation for antenna function. Such architec-
ture will consist of reusable, reconfigurable, mobile, 
and self-repairing structures, capable of acting as a 
multi-functional infrastructure. TET systems could 
thus act autonomously or as robotic adjuncts to human 
explorers, enabling access to otherwise inaccessible 
resources essential to sustaining human presence.  

ALI Autonomous Lunar 
Investigator [10]:  The 
Autonomous Lunar Investiga-
tor (ALI) is an EMS level mis-
sion concept which would 
allow autonomous in situ ex-

ploration of the lunar poles within the next decade. 
ALI would consist of one or more 12tetrahedral walk-
ers capable of rapid locomotion with the many degrees 
of freedom and equipped for navigation in the unillu-
minated, inaccessible and thus largely unexplored rug-
ged terrains where lunar resources are likely to be 
found: the polar regions. A wide variety of ALI mis-
sion scenarios and payloads could be envisioned. ALI 
walkers would act as roving reconnaissance teams for 
unexplored regions, analyzing samples along the way. 
The payload would be designed to provide not only 
details of composition of traversed terrain, but the 
identification of sites with resources useful for perma-
nent bases, including water and high Ti glass.  

AMI Autonomous Mars 
Investigator [8]:  The 
Autonomous Mars Investiga-
tor (AMI) is an EMS level 
mission concept which would 
allow autonomous in situ 
prospecting for life in Mars 

hydrothermal systems within the next decade. AMI 
would consist of a12tetrahedral walker capable of 
rapid locomotion with the many degrees of freedom 
and equipped for navigation in the unilluminated, in-
accessible and thus largely unexplored rugged terrains 
where oases for life could potentially be found. The 
payload would be designed sniff and sample around 
holes and cracks, and in unconsolidated debris in 
hydrothermal areas and for indicators of life.  Indica-
tors would include biogenic gases such as methane, 
ammonia, and carbon dioxide, along with carbon iso-

tope ratios, as well as the presence of liquid water and 
soil composition down to 1 meter below the surface.  
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