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Abstract:

Actuators are one of the key components in robotic and mechatronic systems. Motions
generated by actuators enable computer-controlled systems to interact with the physical
world. Inspired by unique characteristics of biological muscles, a system-level approach was
taken to design, fabricate, control, and analyze new robotic actuators, resulting in a unique
and powerful methodology for biologically inspired actuation. In this talk, the concept of
cellular actuation is introduced, where mechanical structures with an array of single
amplified piezoelectric actuators operate in parallel or series according to the needs of the
application. Such actuators are fast and provide smooth contraction, which is interesting for
human-like movements in arms and eyes.

The cellular actuator architecture is a paradigm for generating robotic movement inspired by
the way human musculature is organized. This allows robotic systems to capture two key
advantages of biological systems, namely, high resiliency to damage and natural smooth
human-like movement. Motion is produced by the collective action of individual units
contracting independently in an ON—OFF manner. The reason that this works, both in
biology and in the cellular actuation system, is because there is elastic material joining the
units together.

Controlling the cellular actuator presents an entirely different paradigm from traditional
servo motors due to its highly redundant architecture. The talk presents various control
methods that have been developed for highly modular actuation systems. The stochastic
broadcast feedback control method allows each actuator unit to act as an independent
agent in response to a single broadcast command. Several interesting robotic devices
enabled by the cellular actuator technology are presented including variable stiffness
actuators, self-sensing robotic grippers, saccadic robotic eyes, and wearable assistive devices.
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