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ABSTRACT

An inverted-pendulum mechanism is typically a nonlinear unstable system. Therefore, it is
quite suitable as an example for verifying the performance of various control rules. In this report we

propose two new control rules, namely, an LQR (Linear Quadratic Regulator)+PI (Proportion and
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Integration) and an LQR+Fuzzy, both of which are compared in performance with traditional LQR
and PID (Proportion, Integration and Derivation) control rules. A cart-and-pole inverted-pendulum
system is implemented for comparing the performance of the different control rules. The designs of
related control circuits include a PIC18F452 main control circuit, an HCTL2020 optical decoder, a
motor-driven circuit, and an RS232 data acquisition circuit. For considering programming
flexibility, an 8-bit microcontroller PIC18F452 is employed to implement the control rules, i.e., PID,
LQR, LQR+PI, and LQR+Fuzzy, to achieve both the upright and position controls of the
inverted-pendulum system. The experimental results indicate that the pole angle can be controlled
within -1.8 to +1.1 degrees, but the cart position is completely uncontrollable when using only a PID
controller. Furthermore, with the adoption of only an LQR controller, the pole angle and the cart
position can be controlled within -1.8 to +3.4 degrees and -1.4 to +10.8 cm, respectively. This
observation implies the poor controllability of the cart position for the LQR controller. When a PI
control rule is added to the LQR controller, the pole angle and the cart position can be improved to
within only +2 degrees and +3 cm, respectively. Clearly, the LQR+PI controller is superior in
performance to that of only an LQR or a PID controller. Moreover, when adding the Fuzzy control
rule to the LQR controller, the results show that the LQR+Fuzzy has comparable capabilities for
controlling both the pole angle and the cart position in comparison with the LQR+PI controller;
however, the LQR+Fuzzy can effectively eliminate the troubles in tuning the parameters in the PI
controller.
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