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Untethered small-scale robots (ranging from millimeters to nanometers) lend themselves well for 
applications in complex environments and enclosed spaces such as agricultural inspection and mon-
itoring, biopsy in the human body, and navigating the rubble in disaster relief  missions. However, 
the design of  these robots is challenging and fundamentally different from the design of  conven-
tional robotic systems. Traditional robots are assembled from discrete components such as structural 
links, sensors, actuators, and controllers. In small-scale robots these functional elements need to 
integrate tightly within a small structure. Biological systems and smart materials are promising re-
sources for addressing these challenges due to their highly integrated nature.  In this talk, I will lay 
out an interdisciplinary approach that spans novel smart materials, structural designs, and biological 
systems for creating untethered, fast, and efficient devices for robotic applications. To this end, I 
will first present application of  photo- and heat-responsive Liquid Crystalline Polymers (LCPs) to 
create a variety of  soft active mechanisms in the context of  untethered autonomous designs.  I will 
then discuss an approach for achieving autonomy by increasing the work density of  actuators. This 
approach uses thin film Shape Memory Alloys and additive manufacturing techniques and can be 
utilized in sub-mm scale multifunctional robots. Finally, I will present computational models to un-
derstand the spatiotemporal pattern of  strain over a moth wing during normal and disturbed flight. 
These models facilitate efficient placement of  bioinspired strain sensors on the wing for agile flight 
of  unmanned aerial vehicles. 
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