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Summary of the PhD thesis 

A controller with adequate dynamics using the PID like controller with constant parameters can be
expected only for controlled plant with constant coefficients. This condition is fully satisfied only in the case
of electrical drives using compensated DC machines with constant excitation, provided that the state
variables of the controller, like the armature current, and speed are not limited, and the load and drive inertia
are constant. However, in some electrical drives, as in case of a robot arm or traction vehicle, they may be
variable. Also it should be considered that the armature current and motor speed in case of position controller
(speed controller) should be limited for the sake of safety operation of the electrical drives. All these
limitations, as well as the variable load and inertia affect the behavior of the control system. Instead of a
simple PID controller an adaptive controller with variable coefficients should be used, which in some cases
can be expensive and complex. 

For all these reasons I have investigated and elaborated robust (insensitive to variable load and
inertia, as well to limitation of armature current and motor speed) and adaptive fuzzy controller, which
surpass the simple PID controller in case of position and speed control, which is cheaper and simpler than the
adaptive controller, and it is easier to implement and adjust. The advantage of fuzzy controller is that it
accomplishes a nonlinear transfer function, on the other hand the controller built on fuzzy logic is more
robust, respective is less insensitive to input noise. Besides, implementing the rule base and constructing the
membership function does not require surplus learning, only the knowledge of the controlled plant. Both the
membership function and the rule base follow the human chain of ideas. 

Because the computing demand of the fuzzy controller is excessively high to be implemented in
cheap computers or microcontrollers, I have examined and demonstrated that the modified Mamdani type
fuzzy controller (with Min-Max operators, trapezoidal membership functions and mean of maximum
defuzzyfication) implemented in a cheap embedded system operating only with integer numbers has the
same (or other type of fuzzy controller has almost the same) precision as the fuzzy controller implemented in
a DSP (Digital Signal Processor) with floating point numbers, considering the fact that both implemented
control system must use AD and DA converters. 

I have used the genetic algorithms in order to find out the optimal parameters of the membership
functions of the fuzzy controller, because the genetic algorithm is such kind of stochastic searching
algorithm that searches the parameter space in parallel ways, thus a more efficient searching method could be
obtained than with the conventional extreme searching algorithms using the gradient searching method. 

The motor speed in case of the speed controller of the electrical drives is obtained not only from the
impulses provided by the shaft encoder, but also estimated by a feed forward back propagation neural
network with the measured armature current and voltage as its inputs, using the fact, that the neural network
can learn the approximate model of any nonlinear system and it has the ability to interpolate well. In such
way I have decreased the error of the motor speed resulted from the impulses of a low precision shaft
encoder. Thus, a less sensitive speed controller is obtained for abrupt change of load. 

I have also demonstrated that in case of not highly demanding speed controller, the direct measuring
of motor speed (the use of the shaft encoder) can be eliminated even in case when the electrical drive is fed
by a chopper. 


