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A Derivation of the Equilibrium Point for a Controller of a Wheeled Inverted Pendulum
Running on an Inclined Road
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In this research an equilibrium point of a Wheeled Inverted Pendulum (WIP) running on an
inclined road is derived and validated by some experiments. Generally, The WIP has stable and
unstable equilibrium point. Only unstable equilibrium point is interested in the research. To keep
the WIP on the unstable equilibrium point, the WIP is consistently controlled. A controller for the
WIP needs a reference state for the equilibrium point. The reference state can be obtained by
studying an equilibrium point of the WIP. This research is deriving dynamic equations of the WIP
running on the inclined road and equilibrium of it based on statics. Several experiments are
carried out to show the validation of the equilibrium point.
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Fig. 1 A Wheeled Inverted Pendulum
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Fig. 4 Wheeled Inverted Pendulum setup

Table 1 Wheeled Inverted Pendulum parameters

M, 2.55kg Mass of chassis

M, 0.20kg Mass of wheel

J. | 1.39x102kg-m* | Rotational inertial of chassis
Jy | 1.54x10* kg -m* | Rotational inertia of wheel

Distance between the centers
/
¢ 0.0363m of wheel and chassis

R 0.038m Radius of wheel
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Fig. 5 Time responses of the tilting angle and motor input
voltage for flat road condition.
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Fig. 6 Time responses of the tilting angle for various
inclined road conditions
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Table 2 Experimental and computational results for the

inclined road condition

a Experimental & | Computed @ | Compensated &
0° —-0.7298° 0° 0°
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Fig. 7 Time responses of the motor input voltage for

various inclined road conditions
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