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ABSTRACT OF THE THESIS
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Aper AHMED HetMy ARDEL-DEGEED
For
M.Sc. DEGREE IN ELECTRONIC AKRD
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Tivee @ bBucticever OpTi maL CoNTROL WITH RAPPLICATION TO
A DrsticLaTion CoLumn,

Thie Thersis 1= cencerncd with the —altileve! rorpaoational
technigques uscd for the selutics of comples cptical  ~ontrel problers,
Different hierarchical structurrs arc investigated, czinnm acneralizod
gradient technigues, such as twe-level costate conrdinntion, three-
level multitle cestate cocrdinatiarn, and threr=lavel »nn-faagibles costate

cocrdéination, A numorical exarmic i1z ircluded ta 11lustrate tiese rothods,
1

A multileve] technique hased o trajecinry decemicsicien is uscd
te solve sinpular opcimal comirel problems, hesides the keown Epsilon
technique. Alss a numerical example 1s ircluded to illustrate the two

techniques.
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Then the distillation colurm is considered as an example of
complex processes. The control variables are the deviatiens in both the
heating power and the reflux flow rate. The control objective is to
maintain the composition of the overhead product constant, where the

system is subjected to 2 disturbance in the feed flow rate,

The opti mal control is based on 2 quadratic performance which is a

function of the deviations of the column states and contral functions.

The thesis contained also a detailed numerical study for the
evaluation of the optimur multilevel contrel schemes for z distillation
colum supported by the sinulation results obtained from the digital

computer.
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1.1)

Chapter (1)

Introduction

General Aspects of Hierarchical Systems

In any organization, whether of economic, biol-
ogical or managerial nature, one can identify the
hierarchy of decision problems and goals which vary
with complexity. For example, problems at the base
of the structure are fairly simple though numerous,
Each of these problems can be solved subject to some
decision rules which have been taken by other higher
problems [1]-[5]. This model of parametrized subpro-
blems repeats itself over many levels within the or-
ganization. A group of decision problems that perform
similar kinds of activities is said to constitute a
level in the structure. At the top of the whole stru-
cture there is one decision problem upon which the over-
all objective of the system depends. In this sense, a
multilevel system is a hierachy of goal - seeking sub-

systems or decision problens,

The basic features of multilevel systems may be

divided into three major groups

i) information is only permitted to flow

vertically between any two adjacent levels through
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1.2,1)

the hierarchical structure of subsystems.

1i) various subsystems are interacting through

their models, objectives and constraints.

iii) the overall objectives of a multilevel
system, have to be satisfied, This implies that the
response of the infimals (Lower level subsystems)
to the interaction parameters is evaluated by the
supremal units (higher level subsystems) against
the prescribed objectives., Based on the resulting
inbalance, the supremal units supply the local units
with alternative forms of the interventions, and
the process is repeated until the desired objectives

are satisfied [1]-[8].

Decomposition and Coordination

The successful operation of multilevel system
is best described via two basic processes, decomposi-
tion or infimals generation and coordination or over-

all objective synthesis, [1], [2].

Decomposition

In decomposition, the integrated control prob-
lem should be converted into a family of control sub-
problems. In this respect, one can classify three

distinct ways of the decomposition procedure,
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1} Decomposition based on the system structure:
by partitioning the system into subsystems due to their
physical behavior or operational phases. Control system

problems are typical examples. [1]

Z) Decomposition based on the amount of influence:
This implies the arrangement of subsystems in several
levels with upper levels holding higher priorities than
lower levels, management systems and economic models

could be treated this way. [2]}

3) Decomposition based on the nature of control:
This refers to the adoption of different methodologies
to control the system under consideration. Interconn-
ected power systems are perfect models for such a de-

composition. [1]

1.2.2) Coordination

As a result of the decomposition process, whet-
her natural or conceptual, a family of uncoupled sub-
systems is generated along with their coupling relat-
ions. Obviously the independent subsolutionswould not
result in the overall solutian due to the interaction
between subsystems. In this respect, one can define

coordination as the task of the supremal control system
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in which it attempts to cause harmonious functioning
of the infimal control systems. The success of the
supremal in its task of coordination is judged rela-
tive to a given overall goal. Since the infimal con-
torl systems operate so as to achieve their own in-
dividual goals, a conflict generaly develops among
them and results in a prescribed overall goal most
likely not being achieved. The task of coordination
is precisely aimed to reduce this conflict, if not

to eliminate it all together. The intervention par-

ameters through which the supremal influences the

local units are termed coordination parameters. Figure

(1-1) is a schematic diagram of the decomposition and

conrdination in multilevel systems.

Thesis Objectives

The objectives of this thesis is to study diff-
erent types of hierarchical structures and its assoc-
iated multilevel optimization techniques, in order
to investigate the merits of these techniques. Two
new three level techniques are introduced and an

example is solved to show the differences.

The distillation column is considered as an

example of industrial unit whereby the three level
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1.4)

technique is employed to determine the control var-

iables,

Outline of the thesis

The thesis is divided into five chapters. Chapter

1 serves as an introduction of the hierarchical systems.

In chapter 2, multilevel optimization techniques
are presented, Two level and three level techniques
are investigated. A numerical example is included for

illustration.

Chapter 3, deals with the trajectory decomposi-
tion approach. A multilevel algorithm is developed
to solve singular optimal control problems. An Epsilon
technique using Riccati equation is also presented.
A comparison between these two algorithms is made us-

ing & numerical example,

In chapter 4, the distillation column is consi-
dered as an example of industrial process. Three level
technique is then employed to determine the control

strategy of the column,

Finally, chapter 5 serves as a concluding part
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