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Fig.1 > Bicycle system structure

In this work, we developed an autonomous bicycle with a gyroscopic
balancer controlled by fuzzy sliding mode control (FSMC). The
autonomous bicycle with the gyroscopic balancer and FSMC
controller has the advantages of fast system response and relatively
high robustness to disturbances. Even when the bicycle is hit by a
bottle filled with two liters of water, hung on a rope with a length
of 50 cm and sway away from an angle of 90 degrees, the bicycle is
still highly stabilized. The gyroscopic balancer is the balancer with
the least mass ratio of balancer to bicycle among various bicycle
balancers, and it can effectively produce a moment to prevent the
bicycle from falling down. Moreover, the bicycle with the gyroscopic
balancer controlled by FSMC can outperform the one with PID under
highly uncertain environment. The FSMC is suitable for manipulating
a bicycle which is already successfully performed by humans. It can
significantly reduce the design complexity of a controller for the

autonomous bicycle.

The design concept of FSMC is creating a sliding surface served as a
balancing index which incorporates three factors, the lean angle of
the bicycle, the lean angular velocity of the bicycle, and the rotation
angle of the gyroscopic balancer. The bicycle dynamics model with
the gyroscopic balancer was proposed to simulate and validate the
design concept on the balancing performance of the bicycle with
FSMC.

Finally, experiments are designed to demonstrate that the
autonomous bicycle system is still highly stable even when the

bicycle doesn't move forward and is under impact disturbance.

Furthermore, since the results of simulation are consistent with ones
of the experiments, it validates the derived bicycle dynamics model
with the gyroscopic balancer and proves its robustness.



