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Abstract

Biohybrid robots integrate living tissues with engineered structures to achieve functions that are difficult to reproduce using
conventional actuators alone. Among the available biological actuators, engineered skeletal muscle is particularly attractive
because it is soft, adaptive, energy efficient, and capable of responding directly to electrical, chemical, and mechanical stimuli.
However, the limited force output and inconsistent performance of engineered muscle tissues remain major barriers to the
development of practical biohybrid robots.

In this talk, | will present our recent work on strengthening engineered skeletal muscle and translating improved tissue
performance into robotic locomotion. We developed an autonomous self-training platform that harnesses the spontaneous
contractions of developing muscle tissues to provide repeated mechanical loading without external control or power. This
training strategy substantially enhanced muscle force generation and enabled the fabrication of high-strength skeletal
muscle actuators. To demonstrate their robotic capability, we developed OstraBot, a twin-tail biohybrid swimming robot
powered entirely by engineered muscle tissues. A physiology-based muscle contraction model was used to guide the
mechanical design of the robot and identify the stiffness and operating-frequency conditions that maximize energy transfer
from the muscle to the surrounding water. The resulting robot achieved record locomotion performance among skeletal-
muscle-powered biohybrid robots.

I will also discuss how bioinspired and multifunctional materials, including self-healing skins, low-power optical interfaces,
and biodegradable substrates, may support future biohybrid systems. These advances point toward a new generation of
robots in which living actuators are not simply embedded into machines, but are trained, integrated, and engineered as
functional robotic components.
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