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This dissertation presents a geometric method to investigate the ability of a multirotor unmanned
aerial vehicle (UAV) to achieve static hovering, i.e., hoverability. This study also focuses on the
analysis of hoverability even after one rotor—failure, i.e., rotor—-failure robustness, finding novel
structures and optimization of a structure to maximize maneuverability under ensuring rotor—failure
robustness against any rotor failures, i.e., full robustness.

First, a geometric method for hoverability analysis is developed for a multirotor UAV with any
number of rotors, arrangements of rotors, and tilt—angles. Hoverability is defined by local
controllability of the nonlinear state equation of a multirotor UAV whose structure parameters are
number, positions, tilt-angles, and counter—torque—constants of rotors. This definition leads to
equivalent conditions using the polytope determined by the structure parameters. Then, the
hoverability is analyzed by a simple geometric way such as by drawing the polytope.

Secondly, the geometric analysis 1is applied to rotor—failure robustness, designing novel
structures, and optimizing structure design. The presented geometric method for hoverability analysis
proposes a quantitative measure to evaluate rotor—-failure robustness. The analysis examples for
rotor-failure robustness are given by analyzing the relationship between rotor-failure robustness
and the design parameters of hexarotor. The geometric method also provides the relationships between
hoverability and structure parameters. The two types of novel structures are proposed by using the
relationships so as to develop the structures with hoverable or full robustness. Regarding proposing
the optimization scheme, the optimization problem to design the structure is formulated as the
maximization of an evaluation function for maneuverability of the structure under the constraint of
full robustness. The constraint is formulated by the proposed quantitative measure for full
robustness. The optimal solutions show the structure with high manipulability ensuring full
robustness by using the manipulability measure as the evaluation function

Finally, experimental validations are performed to verify the effectiveness of the geometric
analysis on actual platforms. The two types of hexarotor are developed and tested by hovering
experiments with one rotor stopped to confirm their rotor-failure robustness.
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