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Robust Control Based on Image Information for Position and Attitude of

Omnidirectional Mobile System of Hovercraft Type

Tsuyoshi KiyAMA*, Shingo SHIOTA** and Ryo WATANABE***

This paper proposes an “omnidirectional mobile system of a hovercraft type (hovercraft)” as the foundation of
robot technologies working under severe environments instead of human beings, and this paper develops a control
method for positions and attitudes of the hovercraft. A real machine does not exist at the moment. Therefore,
its model of a two-dimensional plane on the ground is created and basic experiments on the model are carried
out. Considering future work on a tracking control of moving objects, the relative positions and attitudes of
the model from landmark objects are important. In addition, it is also significant to measure the positions and
attitudes with one kind of sensor for the easy repair, and then image sensors are used as their sensing devices.
Problems on the control synthesis for the model are found as follows: robust stability of the closed-loop system,
a relative long sampling time to process the image, an output feedback control with a low gain to save a fuel
cost, and changes on the center of gravity and camera vibrations of the image sensors due to the hovering. To
solve these problems, a robust stability synthesis method is proposed to restrict eigenvalues of the control system
using image coordinates as direct inputs of the controller. First, the fundamental analysis condition is recast as
a linear matrix inequality (LMI). Next, the synthesis condition with an output feedback control based on the
analysis one is recast as an LMI with a rank constraint. The controller is designed to restrict a domain of eigen
values of the closed-loop system nearby the origin using the synthesis condition and the linearization algorithm.
Finally, the proposed method is verified through simulations and experiments.

Key Words: omnidirectional mobile system, stereo vision, pole assignment, LMI, linearization algorithm
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Fig. 7 Principle of stereo
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Table 2 Perturbed parameters of hovercraft in simulation
o0 M : 5.5kg]

00000 (rg, 0y) (0.005[m], 0O[deg])
000000 »0:¢=1,20 : 00000000 1[%) 00

x[m]

Fig.12 Time responses of closed-loop system with nonlinear
perturbed model of hovercraft in simulation

14

Fig. 13 Position and attitude of hovercraft motion with its
nonlinear perturbed model in simulation
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Fig.14 Position and attitude of hovercraft motion in exper-
iment
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