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Abstract

Designing robotic insects with high mobility is becoming an essential challenge in the field of
robotics research. Among the methods for fabricating the transmission mechanisms of robotic
insects, the Smart Composite Microstructure method (SCM) is garnering increasing attention.
This method can construct compact and functional miniature origami mechanisms through
planarized fabrication and folding assembly processes. We have identified two limitations in the
SCM process: the connectivity in design and the singularity in pop-up assembly. We also
demonstrated solutions for these limitations using screw algebra and Grassmann-Cayley
algebra, respectively. By overcoming these limitations, we can significantly enhance the
performance of the origami transmission mechanisms. We further proposed a series of
untethered prototypes, named S2worm and S2worm-G. The S2worm-G weighs 4.71 grams,
scales 4.0 cm, achieves a top speed of 75.0 cm/s, and a relative speed of 18.8 body lengths
per second. The experimental results proved that the S2worm-G robot is one of the best
robotic insects for its size, mass, and mobility.
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