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Al-powered simulation training improves
human performance in robotic exoskeletons

June 12 2024

Researchers at North Carolina State University have demonstrated a new method
that leverages artificial intelligence and computer simulations to train robotic
exoskeletons to autonomously help users save energy while walking, running and
climbing stairs. Credit: Hao Su, NC State University

Researchers at North Carolina State University have demonstrated a new
method that leverages artificial intelligence (Al) and computer
simulations to train robotic exoskeletons to autonomously help users save
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energy while walking, running and climbing stairs.

"This work proposes and demonstrates a new machine-learning
framework that bridges the gap between simulation and reality to
autonomously control wearable robots to improve mobility and health of
humans," says Hao Su, corresponding author of the paper on the work,
"Experiment-free Exoskeleton Assistance Via Learning in Simulation,"
published June 12 in the journal Nature.

"Exoskeletons have enormous potential to improve human locomotive
performance,” says Su, who is an associate professor of mechanical and
aerospace engineering at North Carolina State University. "However,
their development and broad dissemination are limited by the
requirement for lengthy human tests and handcrafted control laws.

"The key idea here is that the embodied Al in a portable exoskeleton is
learning how to help people walk, run or climb in a computer simulation,
without requiring any experiments," says Su.

Specifically, the researchers focused on improving autonomous control
of embodied Al systems—which are systems where an Al program is
integrated into a physical robot technology.

This work focused on teaching robotic exoskeletons how to assist able-
bodied people with various movements. Normally, users have to spend
hours "training" an exoskeleton so that the technology knows how much
force 1s needed—and when to apply that force—to help users walk, run
or climb stairs. The new method allows users to utilize the exoskeletons
immediately.

"This work 1s essentially making science fiction reality—allowing people
to burn less energy while conducting a variety of tasks," says Su.
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Researchers developed a full-body musculoskeletal human model consisting of
208 muscles (upper left), as well as a custom hip exoskeleton (lower left), then
leveraged artificial intelligence to simulate multiple activities (center) before
deploying the learned controller on human subjects. Credit: Nature, Luo et al.

"We have developed a way to train and control wearable robots to
directly benefit humans," says Shuzhen Luo, first author of the paper
and a former postdoctoral researcher at NC State. Luo is now an
assistant professor at Embry-Riddle Aeronautical University.

For example, in testing with human subjects, the researchers found that
study participants used 24.3% less metabolic energy when walking in the
robotic exoskeleton than without the exoskeleton. Participants used
13.1% less energy when running in the exoskeleton, and 15.4% less
energy when climbing stairs.
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"It's important to note that these energy reductions are comparing the
performance of the robotic exoskeleton to that of a user who is not
wearing an exoskeleton," Su says. "That means it's a true measure of how
much energy the exoskeleton saves."

While this study focused on the researchers' work with able-bodied
people, the new method also applies to robotic exoskeleton applications
aimed at helping people with mobility impairments.

"Our framework may offer a generalizable and scalable strategy for the
rapid development and widespread adoption of a variety of assistive
robots for both able-bodied and mobility-impaired individuals," Su says.

"We are in the early stages of testing the new method's performance in
robotic exoskeletons being used by older adults and people with
neurological conditions, such as cerebral palsy. And we are also
interested in exploring how the method could improve the performance
of robotic prosthetic devices for amputee populations."

More information: Hao Su, Experiment-free optimization of
exoskeleton assistance via learning in simulation, Nature (2024). DOI:
10.1038/s41586-024-07382-4.
www.nature.com/articles/s41586-024-07382-4
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