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In this study, based on the principal investigator®s experience in designing

and analyzing nonlinear control systems for multi-degree-of-freedom underactuated robots, a
trajectory tracking control rule was designed using a composite signal combining actuated and
unactuated variables, leveraging the nonlinear dynamic characteristics and structure of tower
cranes. This control rule was used to analyze crane operations and confirm that the objectives of
trajectory tracking control were achieved. Furthermore, through experiments, it was demonstrated
that the proposed control rule effectively suppresses payload oscillation and allows for precise jib
positioning. Additional researches were conducted on damping control and controllability in other
underactuated systems, establishing design and analysis methods for damping controls that minimize
the real parts of the poles in closed-loop systems.
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