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A Study on Stabilization of Two-Wheeled

Inverted Pendulum

Dae Hwan Kim

Dept. of Interdisciplinary Program of Mechatronics Engineering

The Graduate School, Pukyong National University

Abstract

This' thesis presents a controller using PID method for two-
wheeled inverted pendulum to be stabilized. It also presents
development results of two—wheeled inverted pendulum as follows:
Two-wheeled inverted ‘pendulum 1s composed of an inverted
pendulum and a chassis with two coaxial wheels: Kinematic modeling
and dynamic modeling based on Lagrange equation are presented for
two—wheeled inverted pendulum. Based on the kinematic modeling,
first PID controller is proposed to stabilize the two—-wheeled
inverted pendulum based on inclined angle error between reference
angle and real angle of the two-wheeled inverted pendulum. The
first PID controller generates desired angular velocities of the two-
wheeled inverted pendulum to be stabilized. Based on errors
between the desired angular velocities and real angular velocities of

two wheels of the two-wheeled inverted pendulum, second PID

iii



controller is proposed. The second PID controller makes torques as
inputs of dynamic modeling, and track angular velocities of the two—
wheeled inverted pendulum to the desired angular velocities. A
control system to implement the designed controller is developed
based on TMS320F28335 microcontroller. To obtain information of
two-wheeled inverted pendulum state variables, the following
sensors are used: encoder and inclinometer sensor. The angle of the
two—wheeled inverted pendulum is measured using the inclinometer.
Two-wheeled inverted pendulum is manufactured to experiment the
proposed controller. Finally, the simulation-and experimental results

are shown to prove the effectiveness of the proposed controllers.
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@ DSP TMS320F28335

® Inclinometer @ Motor & Encoder

® Wheel

® Chassis

@ Touch sensor

Fig. 2.1 Configuration of Mobile Inverted Pendulum

Fig. 2.2 Mobile Inverted Pendulum
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Fig. 2.3 Configuration of Control System
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Fig. 2.4 Control system
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Table 4.1 The Numeric Value of Parameters-for Simulation

Parameter Value Unit
M, 10.7 [kg]
M, 26 [kg]
Iy 0.14 [m]
L 0.566 [m]

r 0.235 [m]
I, 0.1563 [kgm ]
L, 0.0781 [kgm*]
I, 1.2581 [kgm ]
1, 0.9672 [kgm ]
Ly 2.1073 [kgm ]
e 0.6490 [kgm > ]
I, 1.8229 [kgm?]
0 15 [degree]
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Fig. 4.2 Simulated Wheel velocities of the Two-wheeled Inverted
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Fig. 4.4 Simulated Torques of the Two-wheeled Inverted Pendulum
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