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Miniature Mobile
Robots Down to
Micron Scale

Miniature robots have the unique capability of
accessing to small spaces and scales directly.
Due to their small size and small scale physics
and dynamics, they are agile and portable, and
could be inexpensive and in large numbers if they
are mass produced. Different scale miniature
robots with various locomotion capabilities and
target applications are presented in this talk.
These miniature robots could revolutionize health-
care, mobile sensor networks, environmental
monitoring, space, search and rescue, security,
entertainment, and education applications.

At the mesoscale (palm-size or cm-scale), first,
miniature climbing robots using elastomer fibrillar
adhesives inspired by gecko and insect foot-hairs
as their repeatable and efficient attachment
mechanism are proposed. Modeling, fabrication,
and characterization of such elastomer fibrillar
adhesives are demonstrated. Tri-legged and tank-
style climbing robot prototypes show the feasibility
of fibrillar adhesives based climbing on smooth
and micro/nanoscale rough surfaces in air or
vacuum. Next, an endoscopic pill size capsule
robot is proposed to clamp inside intestines using
oil coated fibrillar adhesives coated on robot leg
footpads for minimally invasive potential
gastrointestinal tract therapeutic applications.
Finally, two new legged miniature robots walking
and running on water surface inspired by water
strider insects and basilisk lizards, respectively are
presented towards unique amphibious robotic
locomotion capabilities at the small scale.

Going down to tens or hundreds of micron scale robots,
significant bottlenecks are on-board actuation principles
and power sources. As two alternative approaches,
first, external magnetic actuation is used to move
hundred micron scale permanent magnet robot bodies
on planar surfaces in air or in liquid in 2-D
autonomously. Next, a hybrid (biotic/abiotic) actuation
principle is used to propel micron scale robotic bodies
in liquid by harvesting the flagellar propulsion of
attached bacteria and the chemical energy in the
environment.  On/off propulsion control of such
stochastic hybrid micro-robots is demonstrated using
chemical stimulus where heavy metal cupper ions
hinder their propulsion while
ethylenediaminetetraacetic acid resumes their motion.
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