
A Biomimetic Scansorial Foot 
Design for Soft-Bodied Robots 

 
 
 
Cassandra Donatelli 
Nikolas Kastor 
Barry Trimmer 

Objective  
The goal of this work is to design a biomimetic foot 
capable of climbing  a diverse range of surfaces.  The 
foot structure is soft and deformable, making it ideal 
for use with existing soft robots 

Motivation 
     Many robots have been created that can grip, 
locomote, and navigate without the use of hard parts 
but few can complete tasks beyond their specific design 
space. We need a robot that is not only deformable and 
durable, but also capable of robust locomotion through 
complex environments. A key step to accomplishing 
this goal is to design a method of friction manipulation.  
     For inspiration we turn to animals that have solved 
this issue.  The idea of designing bio-inspired features 
into robot feet has been implemented previously in 
climbing robots [3-10], however most parts are made 
of rigid material. We propose an adaptable soft foot 
able to adhere to a variety of surfaces. 
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Crochets 

Foot 

Tokay Gecko (Gekko gecko) 
    The directional adhesive on 
the pads of the gecko's feet 
interact with the climbing 
surface using Van der Waals 
forces and allow the gecko to 
stick passively in shear. 
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Integrated crochets and directional adhesive allows the foot to cling to a multitude of surfaces. The adhesive sticks to 
smooth surfaces such as glass and plastic passively in shear while the crochets hook onto bark, carpet and other non-
smooth surfaces automatically by simple placement.  To unhook the crochets, the compliant structure of the foot 
deforms and rotates the crochets up and out of the surface.  

1) Tension is applied to a tendon attached to the soft super-structure. 
2) The super-structure buckles, causing the hooks to pull forward away from the 

climbing surface. 
3) The front half of the foot rotates forward and up, fully releasing the hooks and 

un-sticking the foot from the climbing surface  

We constructed a 
“gecko-Like” adhesive 
pad, in the style of [4] 
by encapsulating a 
sheet of 12K carbon 
fiber weave [0/90] in 
polyurethane. Carbon 
fibers reduce com-
pliance in the shear 
direction while  polyu-
rethane    deforms    to 

Directional Adhesive Compliant Structure 

    Crochets embedded in the 
soft membrane of the foot are 
capable of gripping onto 
rough surfaces passively for 
energy conservation. 

Results 
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the microstructures of smooth surfaces resulting in 
a versatile adhesive pad.  The amount of load the 
adhesive can bear F is proportional to the ratio of 
contact area A to compliance C [4].  
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A) Unfinished wood, B) Car, C) Cold glass,              
D) Tree bark, E) Acrylic, F) Painted aluminum,       
G) Painted wall,  H) Foliage, I) Plastic cover,             
J) Sheet metal, K) Finished wood, L) Concrete,      
M) Brick, N) Street sign, O) Plastic tray, P) Steel,     
Q) Polished metal, R) Office Chair, S) White board 

[3] Fig. 3 

Tobacco Hornworm (Manduca sexta) 

𝐹 ∝ 𝐴 𝐶  

Shear Stress 𝜏 as a function of 
average surface roughness 𝑅𝑎 . 
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𝜏 = 4884𝑒−2.27×10
6
𝑅𝑎 

𝑅2 = 0.97 

We created surfaces of different roughness 
by scuffing acrylic with sand paper (grit 80-
600) and measured 𝑅𝑎 using a Bruker 
Dextak XT stylus profilometer.   


