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"The formulation of a Patent statement wAs a
bleesing. It gave me the oppoartunity to.;hink
About Physics. Moreover, a practical prdf@ﬁ»
aion is-a'salvation for a man of my type:. an
agademic career compels a young man to sciefis
tific production, and only strong characters

. 'can resist that temptations of superficial

analysis",

"Geometry'remains a mathematical science Seca~~
use the deduction of thecrems from axioms
remains a puwely logical problems at the same
time it is a physical science insofar as iﬁa
axioms contain assertions relating to natugal
objects the validity of which can be proved

only by experience”.

"All knowledge of reality starts £rom experi~

‘ance and ends in it".
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ABSTRACT

This thesis is concerned with the irnvestigation of
some problems of stability analysis, state estimation and
control of linear and nonlinear interconnected systems opé-
rating in discre;e time domaiﬁ. while most of the earlief
works in these areas only treat the continuous time systems,
the few papers which consider the discrete time syétems,
present only centralized solutions. Suqh solutions tﬁough
quite useful for multivariable systems, have obvidﬁs compu=
tational and implementational problems for interconnected
systems, Our endeavour here has, therefcre, heen to deve-
lop decentralized forms of solutions to these problems for
easier computation and simpler- - implementation.

The first problem considered is the decentralized
stability analysis of linear, discrete, time invariant inter-
connected deterministic systems, The aim here, is to derive
simpler stability criteria for the stability of 'N* inter-
.connécted systems, This is done by expressing the LiapunoQ
function far the composite system as a sum of quadratic
forms of Liapunov functions for the individual subsystems.
It is shown that the interaction effects can be aggregated
in a simple manner if suitable bounds are used for the
interaction terms. An important result then shown £0'

' follow is that there exist N decoupled subsystems whose
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stability ensures the stability of the composite system,

‘Next, an alternative approach to this problem is
considered, This requires transformation .of the state va-
riable model of a given time invariant deterministic system
via the‘use of its abservability properties, to obtain a
canonical model such that the system matrix has a block
triangular structure, The decentralized stability criteria
for the compésite system are then established in terms of
the block diagonal submatrices of the transforined system,

The Liapunov based aggregation~-decomposition teéh-
niques developed for the first problem are also shown to be
useful for obtaining the stability criteria for a class of
-nonlinear deterministic systems. "It is shown éhat the com-
posite system of this clasé can be decomposed into N decou=
pled aggregated subsystems with suitable bounds on the inter=
action terms, A modified form of the KalmanwSzego Lermna is
given for decoupled aggregated subsystems., Once again, the
stability of the composite system is seen to be related,go |
the decoupled aggregated subsystems. We also suggest an
iterative schemé for testing the positive definiteness of
the Liapunov matrices of subsystems with interaction, req-
uired for the stabjlity criteria. | |

The Ljiapunov-based aggregation-decomposition tech=

nigues are further shown to be useful for the construction
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of full order asymptotic, decentralized state eétimaﬁors for
inﬁerconhected linear systeis. The technique permits the
design of local gains for the decentralized estimators. A
simple algorithm'is.proposed here fbr obtaining the elements
of these gain vectors. |

| Finally, we present some new solutions to the pro-
blem of construction of decentralized cantrollers:.for stabi-
lization of the above class of linear systems., Once again |
the aggregation-~decomposition techniques are éMpIOYed.for
the design of local gains for the decentralized state feedw
back control. A set of conditions for the corresponding
decentralized stability criteria is obtained for the compos
site system stabilization. An iterative scheme is also de-
veloped for gbtaining the £ eedback gain matrices;

All the results meﬁtioned here are illustréted thre

ough suitably constructed numerical examples.



CONTENTS

List of Principal Symbols
List of Figures ‘
" Abstract
CHAPTER 1
REVIEW AND SCOPE OF THE THESIS
1;1 INTRODUCTION
1.2 A BRIEF REVIEW OF LIAPUNQV ST.Z\BILITY
1.3 REVIIW OF STATE ESTIMATORS
1,4 BRIEF REVIEZW OF STABILIZATION TECHNIQUES

1.5 SCOPE OF THE THESIS

CHAPTER 2
DECENTR ALIZED STABILITY CONDITIONS FOR LINEAR
DISCRETE TIME SYSTIMS USING AGGREGATION‘AND DEC OMe
POSITION TECHNIQUES
2.1 INTRODUCTION
2.2 PROBLEM FORMULATION
2,3 AGGREGATION PROCEDURE
2,4 DECENTRALIZED STABILITY CONDITIONS
2.5 AN EXAMPLE
2.6 CONCLUSIONS

 APPENDIX

i1
i34

10
14
18

25
27
32
37
a4 -
49
51




CHAPTER 3
DECENTRALIZED STABILITY CONDITIONS POR LINTAR DIS-
CRETE TIMEI SYSTEMS USING CANONICAL TRANSFORIATIONS
3.1 INTRODUCTION |
3.2 PROBLEM STATEMENT
3.3 TRANSFORMATION TO BLOCK TRIANGULAR F ORI
3.4 DECENTRALIZED STABILITY ANALYSIS
3.5 APPLICATION TO THE TWO-AREA POWER SYSTEM PROBLEM

CHAPTZR 4
DECENTRALIZED STABILITY CONDITIONS TOR NONLINEAR
DISCRETT TIME SYSTTIMS
4.1 INTRODUCTION -
4.2 STATEMCNT OF THT PROBLEM
4.3 GENERATION OF. LIAPUNOV FUNCTION
4,4 AGGREGATION PROCEDURE FOR NONLINFAR SYSTEMS
4.5 STABILITY CONDITIONS
4.6 NUMERICAL EXAMPLE

4,7 CONCLUDING REMARKS

CHAPTER 5 |
CONSTRUCTION OF DECENTRALIZED STATE LSTIHATORS
FOR LINEZR DISCRETE TIME SYSTEMS
‘Sl INTRODUCTIéN

5.2 PROBLEM FORMULATION

54
56
60
64
67
70

7
73
78
84
88
95
101

103

105



5.3 GENZRATION OF LIAPUNOV FUNCTION 111

5¢4 AGGRZGATION OF INTERACTION EFFECTS 115

5,5 CONDITIONS FOR STABILITY 116

5,6 NUMERICAL RESULTS | 119

5.7 REMARKS - 123
CHAPTER 6

TCINTRALIZID STABILIZATION OF LINTAR DISCRETE

TIME SYSTEMS

6.1 INTRODUCTION ' | | 124
6.2 PROBLEM FORI!'ULATION | 125
6.3 LIAPUNOV FUNCTION GTZNERATION 130
6.4 AGGRZGATION AND DECOMPOSITION PROCEDURE - 132
6.5 DECENTRALIZED STABILIZATION 136
6.6 EXAMPLE | 138
6.7 CONCLUSIONS . | 143
CHAPTEIR 7

CONCLUDING REMARKS AND SUGGESTIONS FOR

FURTHER WORK

7.1 BRIEF SUMMARY ‘145
7.2 SOME SUGGESTIONS 148

REFERENCES 151



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

