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Figure 1: A soft robot exploring an asteroid. 

Introduction:  To enhance the development of a 
sustained human presence in space, successful and 
collaborative human-robot partnerships are essential. 
We propose that robotic partners with an emphasis on 
inherent safety may prove instrumental to this goal. 
Soft robotic design presents promising solutions in the 
areas of human-robot interaction, operation in un-
known environments and novel locomotion methods. 

A soft robotic structure can perform safe interac-
tions with high values assets. In a space environment 
these interactions are plentiful; interactions with hu-
man operators, plant life and objects of scientific or 
archaeological significance. A soft robot’s ability to 
deform or comply to its environment enables these 
systems to more gracefully deal with uncertainty com-
pared to their rigid counterparts. 

This abstract presents practical work towards soft 
robotic systems that operate in extreme environments 
present in space. We present a soft robotic design 
methodology that favors structural morphology over 
material selection and validation of a soft robotic limb 
operating in cryogenic conditions. 

Environmental Challenges:  A soft robotic sys-
tem depends on the ability to deform to external influ-
ences, known as compliance. Soft robots encounter 
unique challenges where extreme environmental condi-

tions in space can limit the available compliance. This 
prevents traditional soft robotics constructed from elas-
tomers or resins being used [1]. Harsh environmental 
conditions such as cryogenic and super-heated temper-
atures, as well as radiation, all have significant effects 
on traditional elastomeric materials that soft robots 
have typically been composed from. 

Design Philosophy:  Our soft robotic design phi-
losophy prioritizes structural morphology over material 
selection to achieve compliance with traditionally non-
soft materials. This approach overcomes the limitations 
of traditional soft materials in space environments, 
such as reductions to flexibility in extreme tempera-
tures and radiation degradation. 
We construct metallic robotic prototypes as these ma-
terials are already well understood in the context of 
space environments and can be easily substituted with 
their space grade counterparts. Furthermore, we em-
brace a modular philosophy, creating single elements 
then characterizing and validating their responses to 
environmental conditions. We construct chains of 
modules to form limbs and legs for legged robots and 
arms for manipulator-based systems. A family of soft 
robotic locomotion platforms was developed using this 
approach [2]. An example of these systems in a ren-
dered environment can be seen in Figure 1. 
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Testing Methodologies:  Evaluating the performance 
of robotics in their intended environment is critical. As 
such evaluation and validation are at the center of our 
design philosophy. Due to the lack of in-situ testing 
availability we rely heavily on the use of piecewise 
environmental testing, and holistic simulations. Simu-
lation for soft systems is challenging compared to their 
rigid counterparts. Complex non-linear deformations 
are a mainstay of soft robotic motion, similarly interac-
tions between multiple deformable materials can be 
complex to understand and model. Using a piecewise 
approach, we can capture information from real world 
environmental testing for sets of conditions and use 
simulation techniques to model cross-coupling behav-
iors. 
Temperature ranges of target environments are repli-
cated using heated furnaces and liquid nitrogen for hot 
and cold environments respectively. Analogue terrains 
are constructed in our Extra-Terrestrial Environmental 
Simulation Lab (Exterres) where locomotion evalua-
tions can be performed in both sand and LHS-1E lunar 
simulant, shown in Figure 2. 
 

 

Figure 2: A soft robot locomotion platform in LHS-
1E lunar simulant. 

 
Validation:  Evaluation of the structural modules 

in cryogenic and ambient conditions has been conduct-
ed. Liquid nitrogen is used to simulate an environment 
approaching minimum temperatures experienced on 
the lunar surface [3]. A scaled soft robotic arm, con-
structed from modules described above, is submerged 
in liquid nitrogen, and allowed to reach thermal equi-
librium with temperature measuring -196℃. The limb 
is then actuated from an external cable-tendon system 
and the velocity and range of motion is recorded from 
a camera tracking system. Our findings indicate that 
the modules retain their flexibility, and show the scaled 
soft robotic limb operate successfully in both ambient 
and cryogenic environments.  
 

 
 

 
Figure 3: A soft robotic limb operating while sub-
merged in liquid nitrogen. The range of motion is 

highlighted in blue. 
 
Conclusions:  Soft robotics presents a promising 

solution for inherent safety in collaborative domains 
present in space environments. Experimental trials 
have validated that our soft robotic structures maintain 
flexibility and operation at cryogenic temperatures, an 
important step for soft robotics for extreme environ-
ments. 
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