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Abstract

The control system for various inverted pendulums contributes to the practical utilization of unstable objects,
for example, Segway etc. Application study of a two-wheeled inverted pendulum (WIP) mobile robot is recently
very active because personal mobility is attractive field. Most of these discussions are either the stabilization or
the position control in parameter known system. Few studies consider case of unknown parameter system, for
example, payload change, inertia change, and so on. The change of the payload and the momentum of inertia
appear in the application of WIP mobile robot frequently. Therefore, the adaptive control method that removes the
problem of uncertainty concerning the design parameter is useful to WIP mobile robot system. The WIP mobile
robot is discussed as a system with unknown parameters except the radius of the wheel, and the stabilization and
motion control of whole system are achieved by a two VSS adaptive control and a self-tuning control (STC). This
paper proposes that such VSS adaptive control system as tracking the reference input is applied to the pendulum
stabilization of WIP mobile robot and the translational motion is also controlled by means of STC that assures the
boundary reference angle of the pendulum, furthermore another VSS adaptive control system is applied to the
rotational motion system that is independent to the translational motion dynamics. The distinct feature of proposed
method does not only reduce the estimated parameters of STC system but also achieve VSS adaptive control
system without a perturbation signal that had been required in order to estimate many parameters at a previous
study. Finally, the validity of the proposed adaptive system is proved through some numerical simulations and

practical experimental result.
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Fig. 1. Diagram of a wheeled inverted pendulum (WIP) robot.
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Fig. 2. Experiment model of a WIP robot.
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Fig. 3. A STC for stabilization and translation.
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Table 1. Motion parameters of WIP robot.

M, kgl | My[ke]| L [m] | B [m] | R [m] |k [Nm/A]| 7
1.089 | 6.026 | 0.210 | 0.170 | 0.090 | 2.046 0.417
Jy [kgm?]| J, [kgm’]| 7, [kgm’] | J, [kgm’]| ~ d,, E.E,
4410x107| 0.043 | 0.4714 |7.903x102| 0.80 |0.10, 0.1
Table 2. Condition for VSS adaptive control.

- translational| rotationa
constants of adaptive control system system system
coefficient in switching function: 4 | /A =30 hy =3
VSS scalar gain in control input: k, | k,;=2.0 k,,=1.5
VSS adaptive gain of & : k, k, =15 k,=15
VSS adaptive gain: I' = y / 7, =10 7, =10
boundary layer in sat function: & 6,=10 5,=1.0
filter constant for control system: 7, T, = 0.05 T =0.0%
filter constant for estimation: 7, 7,=0.03 R
adaptive gain of RLS system: F(0) | F(0)=10* e
sampling period: T [sec] Ty =0.001 —_—
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Fig. 5. A semicircle course for WIP robot control.
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Fig. 6. Control simulation .
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Fig. 8. Experiment result of WIP robot.
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