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MODELING AND SIMULATIONS OF COMPLEX DYNAMIC MUSCULOSKELETAL 
ARCHITECTURES

Top view of three thumb-sized biobots in a culture dish. Modeling 
and simulations were employed to design and optimize function and 
performance. These biohybrid machines walk on the dish surface at 
about one millimeter per second.

Bioinspired approaches rely on mimicking existing natural solutions. However, natural creatures have 
not evolved to optimize engineering objectives. There exists limited information to determine 
whether a particular solution is optimal. Moreover, today’s materials and components pose 
constraints and enable opportunities that may differ from their biological counterparts. This team 
suggests that manmade solutions obtained through inverse design based on an automated 
optimization process may outperform pure biomimicry.

• This team has developed Elastica, an application able to capture the 
dynamic response of complex musculoskeletal structures. 

• Elastica was used to computationally design, simulate, and optimize for 
the first time the structure of a biohybrid walking bot. In collaboration 
with experimentalists at the Micro and Nanotechnology Laboratory at 
Illinois, this design was fabricated and tested, leading to the largest, 
fastest locomotive bot to date

This project has been developing and implementing novel schemes for the 
direct numerical simulation of swimming bodies. Their algorithms rely on 
remeshed vortex methods enhanced with projection approaches to capture 
the effects of the fluid on the body and, with penalization techniques, that of 
the body on the fluid. This methodology is coupled with a musculoskeletal 
solver that captures the compliant dynamics of musculoskeletal systems made 
of bones, tendons, and muscles.

Blue Waters’ sheer size and cutting-edge technology enable optimization processes that entail thousands of simulations. This allows the design of unprecedented 
biological architectures, bringing within reach novel high-impact applications, from soft robotics and biomedicine to precision manipulation and fabrication.
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