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Optimal ARS Control of an Inverted Pendulum Robot for
Climbing Ability Improvement

49 %, 37

Young-Kuk Kwon', J ang—Myung Lee'

Abstract This paper proposes an optimal ARS control of a two-wheel mobile inverted pendulum
robot. Conventional researches are highly concentrated on the robust control of a mobile inverted
pendulum on the flat ground, i.e., mostly focus on the compensation of gyroscope signals. This newly
proposed algorithm deals with a climbing control of a slanted surface based on the dynamic modeling
using the conventional structure. During the climbing control of the robot, unexpected disturbance
forces are essentially caused by the irregular contact force which comes from the irregular contact
angle between the wheel and the terrain. The disturbances have effects on the optimal posture of the
mobile robot to compensate the slanted angle. Therefore the dynamics equations through physical
interpretation are derived for the selection of optimum climbing posture through ARS. Also using the
ultrasonic sensor the slope information is obtained to compensate for the force of gravity. The control
inputs are dynamically adjusted to climb up the slanted surface effectively. The proposed algorithm is

demonstrated through the real experiments.

Keywords: Two — Wheel Inverted Pendulum Robot, Optimal Posture Control, Climbing Capability, SEGWAY, ARS (Attitude

Reference System)
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[ Rotation angle of wheel w.r.t. the vertical line
@ A tilted angle of body w.r.t. the vertical line
g Gravity acceleration

n Reduction ratio of gear

Ly Rotational inertia of the motor axis

Iz Rotation inertia of the body

I Rotation inertia of the wheel

Hs Friction coefficient of bearing at the wheel
He Friction coefficient of wheel at the ground
Mz Mass of the body

My Mass of the wheel
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I 2. System parameters

My 11.01 kg

M, 0.61 kg

L 0.21 m

Ry, 0.09 m

I 0.224 kgm’

Iy 6.1 x 107%kgm’
g 9.8 cm /s

7 [0.0235NM | A]
Iu [3.2x10° kgm']
n n=44.6
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