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Abstract:
The subject of this thesis is 'the study of both linear and nonlinear sampled-data systems with a
minimum-time performance measure.

The content of the thesis may be divided into three sections: First, time-optimal control schemes for
systems having input saturation are reviewed, and it is shown that for practical systems, there is
generally a substantial cost advantage gained by relaxing the minimumtime requirement. Methods of
measuring the amount of ”suboptimality" of such systems are then proposed. Several practical
suboptimal strategies are analyzed and compared, and the analysis indicates a simple method of
improving one of these strategies. It is also shown that these methods may be used to measure the
sensitivity to parameter variations of systems which are designed to be either time-optimal or
time-suboptimal. The proposed method of analysis is also used to show that several control systems
which are claimed by their designers to be time-optimal are actually time-suboptimal. Second, a
relationship called the time-loss hypothesis is indicated between the minimum times for continuous and
sampled-data systems constrained by input signal saturation. This hypothesis states that for controllable
systems containing plants having n real poles and no numerator dynamics, the minimum time required
by a sampled-data controller is no greater than . tf + nT where tf is the time required by a continuous
controller. The hypothesis is proven for first-order systems and several special cases of second-order
systems, and evidence is presented for the validity of the relationship for other cases. Third, the theory
of deadbeat response of linear systems is extended to parabolic inputs with minimum squared error
restrictions on the step and ramp responses. It is found that minimizing only the sum of the squared
ramp errors (subject to the parabolic deadbeat restrictions) also minimizes the maximum ramp error.

No such relationship exists if the sum of the squared step errors is minimized. Design methods are
presented for digital controllers which provide trade-offs between the number of sample periods to
deadbeat response to a parabolic input and either 1) minimum sum of squared ramp errors, 2) minimum
sum of squared step errors, or 3) minimum-maximum step error. 
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