
 

ABSTRACT 

Living cells navigate complex environments to perform diverse functions by integrating the capabilities 
of sensing, computation, and actuation. The pursuit of similar capabilities in synthetic “microrobots” 
requires strategies for directing self-propulsion in response to environmental cues such as chemical 
gradients. We show that the 3D shape of a colloidal particle can be used to direct its motion along 
complex trajectories powered by different energy inputs (electric, acoustic, chemical). We describe 
how shape-based programming can enable autonomous navigation by coupling particle motions to 
external stimuli using responsive shape-changing materials. Different material programs can encode a 
variety of functional behaviors such as stimulus seeking, avoidance, and regulation. 
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