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In this paper, the use of three gyrosensors for detection
of a unicycle robot’s posture in three dimensions, and
experiments on the unicycle robot’s postural stability
control are conducted with fuzzy gain schedule PD con-
trol. Experimental results show that both the robot’s
longitudinal and lateral posture can be stabilized success-
fully. Comparing the experimental results with one PD
and one D controller, those by two fuzzy gain schedule
PD controllers are much better. Real-time experimental
results indicate that the fuzzy gain schedule PD control
proposed here is quite effective in robot postural stability
control. Experimental results also show that proposed
fuzzy gain schedule PD control provides a reasonable
approach to handling nonlinear problems that exist in
the system.
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1. Introduction

It is well-known that the unicycle system is inherently
unstable, and both longitudinal and lateral stability control
are simultaneously needed to maintain the unicycle’s pos-
tural stability. It is an unstable problem in three dimensions.
However, a human rider can obtain postural stability on a
unicycle, keep the wheel’s movement speed as a constant
value, and change unicycle posture in a yaw direction as
desired by using bodily flexibility, good sensory systems,
skill, and intelligence. In the investigation of this mecha-
nisms and emulation of the system by a robot, we construct
a model of human motion dynamics, and test new control
methods for stability control and system analysis.

From the observation of a human riding a unicycle, we
know that the rider’s posture on the unicycle is always
changing. It is necessary for us to define postural stability
in this system. Usually, if a system is stabilized, some vari-
ables in that system will be controlled as constant. How-
ever, because the unicycle system is an inherently unstable
system, and postural stability is achieved by centrifugal
force created by the rider’s dynamic action. Pitch, roll, and
yaw angles are always changeable, so it is impossible for
the rider to maintain these three variables constant. From
the observation of a human riding a unicycle, we know that
the change of yaw angle relates to stability control of the
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roll angle, and if the roll angle changes, the yaw angle will
also change. The change of pitch and roll angle is often
within some range. The biggest possible range is 90 de-
grees. However from the observation of a human riding a
unicycle, postural stability is often broken if either pitch or
roll angle becomes bigger than about 16 degrees. If there
is not enough centrifugal force created by control in this
system, postural stability fails about 1 second. If there is
no control, postural stability fails quickly. This means that,
if postural stability is maintained longer than 1 second, con-
trol action is acting on the system.

Basing on the characteristics of posture change in unicy-
cle system, we can define unicycle postural stability as
follows:

1. Neither pitch angle nor roll angle increases. Usually both
pitch and roll angle can be changed, but the change is
within some range (the biggest range is 90 degrees. Be-
cause of the power limit of motor in an unicycle robot,
the range will be much less than 90 degrees).

2. Posture should be maintained at least longer than 1 sec-
ond.

In our first report”, a new model is proposed (Fig.1). In
this model, a closed link mechanism is used for control of
pitch, and a turntable for control of roll. As reported”,
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Fig. 1. Robot’s model emulating human riding unicycle.
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