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Front Wheel Lifting Control of a Wheeled Mobile Robot by Acceleration

«T.Takashima (Tohoku University), T.Takahashi (Fukushima University)
and E.Nakano(Tohoku University)

Abstract— Wheeled mobile robots are used in various places because of their highly mobile ability
on flat surfaces. However, in general their locomotion capability is not so high on rough terrains. It is
especially difficult for a wheeled mobile robot with passive wheels to negotiate even a small difference
in level. In this paper we propose a front wheel lifting control of a 4-wheeled mobile robot with passive
front wheels by the acceleration of the 2 active rear wheels in order to deal with small obstacles on the
way. Finallly, we describe the mechanical design of a wheeled mobile robot to transit from its 4-wheeled
state to its 2-wheeled state.

Key Words: Wheeled Mobile Robot, Front Wheel Lifting, Acceleration, Inverted Pendulum
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Fig. 1: Physical parameters of the experimental
wheeled mobile robot in its 2-wheeled state
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Rotary encoder

DC motor

Fig. 2: Structure and photograph of the experimental
mobile robot

Table 1: Parameters in the equation of motion
@:6.976 x 1073 [kgm?]
B:5.944x 1073 |
v:3.277x 1072 [kgm
§:1.044 x 1073 [kgm?
[
[

ka: 1.651x 107° [Nm)]
fr2:5.500 x 1073 [Nm/(rad/s)]
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Table 2: Physical parameters of the DC motor

n: 1.371 x 10!
n:8.000x 10!

Reduction ratio of the gear
Efficeincy of the gearhead
Torque constant of the motor

Armature resistance R,:2.210x 107°[Q]

K:2.420x 1072 [Nm/A]

| .300 [ms]_ |
\ \ \ \

1300 [ms]

Fig. 3: Target motion in experiments
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Fig. 4: Experimental results (6;)
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N Normal force
A T, Torque of driving wheel
r /
Radiu: F Friction force

L Coefficient of friction

Fig. 5: Forces related to the driving wheel
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Fig. 6: Range of the robot size on simulation
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Table 3: Nondimensional parameters

00 01 02 03 04

o/: 5.044 T7.042 9.040 11.04 13.04 x 107!
v': 5.513 5.757 6.000 x 100
5. 8.080 119.1 1756 x 1074

Table 4: Classification of the transition to the inverted
pendulum state (2-wheeled state)
Transition possibility Non-slip Comments
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Fig. 7: Possible range of the parameters on the transi-
tion to the inverted pendulum state (2-wheeled state)
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Fig. 8: Effect of 65 on the transition to the inverted
pendulum state (2-wheeled state)
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0 1: non-slip transition being possible by reducing
the input V

0 2: non-slip transition being impossible
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