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Abstract:
With the rapid development of rehabilitation robots and the growing demands for human-robot interaction,
modeling and intelligent control of pneumatic artificial muscle (PAM) robots have increasingly attracted the
attention of many researchers. It is a challenging research topic to overcome the effects of PAMs’ inherent
defects (e.g., high nonlinearities, hysteresis, time-varying characteristics, etc.), despite the merits of lightness,
safety, and high power-to-weight/volume ratios of PAMs. To this end, we aim to achieve accurate modeling and
advanced control for PAM robots, which may contribute to their further theoretical research and practical
applications. Specifically, for single-PAM robots, there exist some difficulties as follows: 1) PAM systems are
susceptible to unknown external disturbances due to their high nonlinearities, creep, hysteresis, etc. 2) PAM
robots usually suffer from parameter uncertainties and unmodeled dynamics. 3) The ultimate control inputs
(corresponding to the pressurized air) of PAM robots should be constrained to be nonnegative. To solve these
problems, we propose a disturbance estimation-based nonlinear control method, a neuroadaptive control
method with system uncertainties, and an adaptive control method with unidirectional input constraints,
respectively. Further, for multi-PAM robots, the following issues should be considered: 1) Since torques/forces
are generated by air pressure and are not the ultimate control inputs, the torque models of PAM robots are not
direct and effective. 2) To ensure safety, the system state variables (e.g., contracted lengths of muscles, ranges
of robots’ movements, etc.) are usually limited. To this end, we propose an accurate dynamic modeling method
and a nonlinear control method with overshoot constraints, respectively. Some future research directions will
also be discussed.
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