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This thesis proposes a controller for a rotary inverted pendulum. The controller
consists of two modes, i.e., swing up and stabilization modes. In swing up mode, the
controller is designed to bring the pendulum from stable downward equilibrium to
unstable upright equilibrium position. The energy pbased control technigue is used in this
mode. This is because an inverted pendulum is under-actuated system, single input but
two degrees of freedom, the input cannot control motion of both degrees
simultaneously. fhus, the input is design to control the total energy in the system that
equal to the potential energy at the upright position and the direction of applied torque.
Once the pendulum passes the upright equilibrium, the controt switches to stabilization
mode. In stabilization mode, the controller is designed to maintain the pendulum at the
upright position. The LQR control technique is used in this mode. Since pendulum at the
upright position can be accurately linearized, a linear control technique such as LQR
can be effectively designed. In case that the pendulum position exceeds +20 degrees
from the upright position where the linear model at the upright position can not
accurately describe the system, the control switches back to swing up mode. The
control laws are implemented on microprocessor-FPGA coprocessor.

The experimental result demonstrates that the proposed controller can control
the rotary inverted pendulum, both in swing up and stabilization modes. The switching is

also smooth.





