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In this study, we conduct linear and nonlinear modeling of the DC motor driving system of a
wheeled mobile robot, which is a nonlinear system involving dead zone, friction, and saturation.
The DC motor driving system consists of a DC motor, a wheel, and gears. A linear DC motor
driving system is modeled using a steady-state response and parameter measurements. A
nonlinear DC motor driving model is identified with the use of the Hammerstein-Wiener method.
By using these models, PID controllers for the DC motor system are then established. Each PID
controller is applied as a low-level controller in order to achieve posture stabilization control for
the real mobile robot. We also compare the performance of the proposed PID controllers in
posture stabilization experiments by using several different final robot postures.
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®(s) = Angular velocity of a wheel

V(s) = Input voltage

r = Radius of the circular path manifold
v, = Reference linear velocity of a robot
vq = Desired linear velocity of a robot

¢'r = Reference steering angular velocity

@, = Desired steering angular velocity
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¢ = Steering angle of a mobile robot
¢, = Reference steering angle of a mobile robot
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Table 1 Experimentally determined model parameters for

the motor driving system

Parameters Value
R (Q) 2.3
Ky (V/(rad/s)) 0.012
D,, (Nm / (rad/s)) 3.139x10°°
Jm (Kg - m?) 6.563x10°

Folth. 4 DC wE A9 WP FED)s
ARAEI)E 77t 2.364x10° Nm/(rad/s), 4.388x10°

Kgm’o|th. w}e}A] Table 19 57 93 44D,
S7F HERUEQ,)E =5 DC EEO v E
e 2z -132.8%, -149.6% Z=7Fstith? Al)=
o] KE] FEtn|EE AME3to] dL deggoltt

o(s) 5.391x107°
V(s) 6.563x10°s+70x107°

@
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Fig. 5 Nonlinear Hammerstein-Wiener structure
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Fig. 6 Responses of the identified model for eight
different PWM inputs (solid line: real DC motor
driving system, dotted line: identified model)
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High Level Controller: Motion control
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Low Level Controller: Motor control
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Fig. 9 Posture stabilization of the mobile robot
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