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ABSTRACT

By using the formalism of the linear-quadratic theory,
many design problems in control systems are eventually reduced
to the solution of a matrix Riccatl equation. Th%suis varticulaily
valid for linear regulator and tracking problemé; The optimal
control is usually implemented in a feedback structure. However,
when process incdustry and Aerospace problems arec tackled, the
Riccati formalism represents a computationally difficult and
cumbersome tagk, since the order of these systems is large. For
an nth-order linear system the number of coupled nonlinear
differential equationsfcorreéﬁonding to a symmctric matrix
Riccati cquqtion is H(n“+n). The available computcr installations
imposcs a limit on the order of the system to be handlcd. Even
if a large computer is available, the convecrgencc problems with
large numbers of coupled nonlincar diffcrential equations arec
serious and may require an excessive amount of computer time;
Accordingly, therc is a necd for obtaining near optimal/sub-
optimal solutions for highcr order plants. There are diffcrent
schools of thought for the solution of this problem. One approach
is to evaluatc the near optimal solutions by perturbation methods
which approximatc the numerical solution of the Riccati equation.
The sccond method is to evaiuate the suboptimal solution by
statevectors partitioning and thc third approach is to devclop
a suboptimal control policy via reduced order models. A study
of the third approach is presented in this thesis. Design
mcthods derived from this approach are applicable to a large

class of linear systems having arbitrary dynamics.



In order to use rcduced order mocels for deriving sub-
optimal control strategy, a relationship between the originel

stotevector end the model statevector is required. This relaticn-
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ship is known as aggregation metrix. In this thesis aggregation
matrices for reduccd order models based on various simplificetion
techniques have been derived. An optimal feedback gain matrix
derived from an appropriate lower order model and the corrcs-
ponding aggregation matrix can then be used to implement a sub-
optimal feedback controller for the plant.

Among the varicus methods availeble for rcducing the
order of the systems, the continued fraction technique is
simple and rcquires less computaticn than all others. However,
this tcchnique suffers from the disadvantage of that it may
yield an unstable lowcr order model or a particular ordcer,
even when the original higher order system is stable. This
problcm has been reconsidered and a necessary condition has beon
derived for selecting a stable lower order model. A further
improvement of this technique is also included. In conncction
with this technique of model simplification, a simple algorithm
for continued fraction inversion has also been developed.

In general the stability of the suboptimal control
system 1s not guaranteed. It is shown in this thesis that the
resultant fecedback system is always stable when it is Based
on the reduced ordér model of Davison. Further applications
of the reduced order models in pole-allocation problems and

for derivi i
T deriving suboptimal controllers with ilnaccessible states,

with derivative constraints and industrial regulators with



constant disturbences via reduced order models is presented.
A new approach is investigated for utilizing Chidambara‘model
for deriving a suboptimal control policy. The limits of perfor—
mance degradation suffered by the suboptimality are developed.
It is shown that a considerable saving in computational requirc-
nents can be achicved by using rcducced crder models for lincar
regulator and pole allocation problems.

A new method of mocdel simplification is developed
by matching the frequency responsc of the original systenm

and the reduccd order model.
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