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ABSTRACT 

In this talk, I will briefly introduce some of my 
previous research in my laboratory and how it 
led me from precision servo to robotics and 
eventually to the current research. Exoskeletons 
have been under development for years. 
With all the advancements in driving 
technologies, exoskeletons are still divided into 
those with predefined trajectories for 
handicapped people and the assistive types for 
helping normal people. The ones with 
predefined trajectories can deliver larger 
assistive forces but with limited functions. 
Assistive exoskeletons, on the other hand, often 
exhibit sluggish responses due to a lack of prior 
knowledge of pilots' intentions. In this talk, I 
will explain the difficulties encountered in 
exoskeleton control designs and how we 
propose introducing a digital twin of the pilot to 
address them. The digital twin not only serves 
as a dynamic buffer for the servo system to 
enable predictive action for look-ahead 
trajectory design but also supports dynamic gait 
balance analysis. An obvious advantage of a 
digital twin is the ability to extract the required 
joint forces, which has been a major obstacle in 
exoskeleton control design. I will describe how 
we built the digital twin and how we designed a 
variable-impedance controller for our 
exoskeleton based on the digital twin concept. 
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