- INTRODUCTION AND SUMMARY

The dynamics of many control systems is described by
high erder differential equétions. However, the behaviour is
governed by a few dominant parameters, a relatively minor role
being played by the remaining parameters such as small time
constants, masses, moments of iunertia, inductances and capacit-
ances. The presence ol these "parasitic! parameters is olften
the source for the increased order and the "stiffness" of the
system. The "curse" of this dimensionality coupled with stiff-
negs causes formidable computational difficulties for the
analysis and control of such large gystems. The singulaxr
perturbation method using the reduced order models and relieving
the gtifiness, is a"gift" to control engineers. 4s such it is
very attractive to formulate many contrcl problems to fit into
the framework of the mathematical theory of singular perturba~
tions which has a rich literature Zf1—3;7. The singular pertur-
bation theory in contimious control systems has reached a certsin

level of maturity and is well documented / L-8_7.

Discrete systems are very mmuch prevalent in science
and engineering. There afe three important sources of discrete
models described by high order difference equations containing
several small parameters / 9_7. The first source is digital
simlation, where the ordinary differential equations are
approximated by the corresponding difference.equations Zf10d7.
The study of sampled-data control systems and computer-based

adaptive contrcl systems leads in 2 natural way to another
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source of discrete-time models éf11,12d7. Finally, meny econcmic,

biclogical and sociological systems are represented by discrete
models /13,14_/. In spite of ite paramount importance, the area

of singular perturbations in difference equaticns znd its applic-
ations to discrste contrcl problems has not so far received
safficient attention [ 15-25_7. It is in this context that the
present investigation is taken up in the field of singular
perturbation analysis of discrete control systems. The motivation
for the present investigation comes mainly from the work of
Comstock and Hsimo / 15_7. The thesis starts with the analysis of
singnlarly perturbed difference equations in clasgsical form and
the various state space models / 26-29 7 and contributes towards
the development of singular perturbation methods for open~loop
control /30_7, closed-loop optimal control /[ 31_7, and the
Kalmen filter in diserete systems / 32_7/. Various implications
in casting the equations in a form suitable for gingnlar pertur-
bation analysis and meny distinguishing features of the analysis
are examined with relevance to each problem, Typical mmerical

exampled are provided to illustrate the propcsed methods.
The thesis is organised as follows!

In Chapter 1, the singularly perturbed difference
equations in classiczl form are formulated as initial value
problems and boundary value problems, MNethods are developed to
obtain approximate sclutions in Terms of an "outer series" basged
cn the degenerate {reduced) problem and a "boundary layer
correction series" obtained by using certain transformations on

the original problen.
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Tn Chapter 2, we consider the state space modelling and
analysis of ginguilarly perturbed difference eguations in order
to give a general framework siiteble for centrol engineers.
Depending cn the position of the small parameter, thres state
space discrete models zre formmlated and techniques are developed
to obtalin approximate series solutions £f26—2g7. The computa-—
tional requirements of singunlarly perturbed differential equations
are tremendous due Yo their stiffness / 33-36_7. & method is
therefore suggested to cast singularly perturbed differential
equations into the corresponding discrete models. The case of

sampled~data control systems 1s also examined.

In Chepter 3, the three-time gcale property of difference
equations is first examined. Then, the open~loop optimal control
of singularly perturbed discrete system is investigated Zf39i7.
For the resulting two-point boundary value problem, a method is
developed consisting of an outer series and two correclion series
corresponding $o "initial" and "final' boundary layers 30 7.

In Chapter 4, we investigate the basgic ideas of the
singularly perturbed nonlinear differeace egquations. Then the
closed-loop optimal contrel of a linear singularly periturbed
discrete sysbem is examined / 30,40_7. For solving the resulting
matrix Riccati difference equation, a method is developed. The

steady state sclution of the Riccatli equation is also examined
L3 7.
Pinally, in Chapter S5, we consider the singularly

perturbed discrete system with.stochastic environment /- 41_7.

The comtrolling equations for the alman Tilter are formalated.
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A method is proposed which gives a considerable reduction in
computational complexity /42 7. The case of steady state

solution is also examined / 32_7.



