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5. Conclusion

In this work, multi-objective optimization algorithms, i.e. MOGA
and MOPSO, were successfully used to optimum design the fuzzy-
PID controllers for the ball–beam and inverted pendulum systems.
An integral term was augmented to the state variables in order to
eliminate the steady state errors and decrease the rising time. The
conflicting objective functions for the ball–beam system were

considered as the distance error of the ball, the angle error of the
beam, and the control effort. The conflicting objective functions for
the inverted pendulum system were considered as the distance error
of the cart, the angle error of the pendulum, and the control effort.
The reported results demonstrated that the proposed methodolo-
gy can effectively control the nonlinear systems.
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