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Experimental Studies of Balancing Control of a
Two-wheel Mobile Robot for Human Interaction by Angle
Modification
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Seung Jun Leel, Seul Jung2

Abstract This paper presents interaction force control between a balancing robot and a human
operator. The balancing robot has two wheels to generate movements on the plane. Since the
balancing robot is based on position control, the robot tries to maintain a desired angle to be zero
when an external force is applied. This leads to the instability of the system. Thus a hybrid force
control method is employed to react the external force from the operator to guide the balancing robot
to the desired position by a human operator. Therefore, when an operator applies a force to the robot,
desired balancing angles should be modified to maintain stable balance. To maintain stable balance
under an external force, suitable desired balancing angles are determined along with force magnitudes
applied by the operator through experimental studies. Experimental studies confirm the functionality

of the proposed method.
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Table 1. Robot parameters

Variables Description
r radius of a wheel
L distance between wheels
0y angle of right wheel
0, angle of left wheel
Vp linear velocity of right wheel
vy, linear velocity of left wheel
Wp angular velocity of right wheel
wy angular velocity of right wheel
U, velocity of a robot
w,, angular velocity of a robot
p(mmvym) robot position in xy plane
D heading angle
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Fig. 2. Coordinates of robot system
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Fig. 3. Control block diagram
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Table 2. f, of robot tilting

angle(rad) £1(N) angle(rad) f1(N)
0.0174 0.40 0.1047 278
0.0349 0.84 0.1222 3.31
0.0523 1,30 0.1396 3.85
0.0698 178 0.1570 4.41
0.0872 2.27 0.1745 499
(K} 2
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< 0 . A =
O
Angle
————— desired Angle
Extemnal Force
-0.05 i i -1
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Fig. 11. Angle change with respect to f,
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