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RBSTRACT

The thesis is concerned with the problems of state estimation
and control of linear time invariant interconnected systems.We have
studied both continuous and discrete time systems and have examined,
in detail, the computational requirements of several algorithms for

the solution of these problems.

In the first part of the thesis, we have considered the con-
tinuous time state estimation and control problems and have develo-
ped some new algorithms by making use of a simplified observabls
canonical state variable model. UWe have shown that the computational
requirements of the Kalman-Bucy and the Chandrasegha; type filtering
algorithms based on this canonical model are significantly less than
the requirements of the existing algorithms. We have also indicated
the possibility of obtaining a simple suboptimal stable decentralized
filter on the basis of the chesen canonical model. We have illu-
strated the results numerically by considering a two-area power
system. We have also simulated this system in order to demonstrate
the effectiveness of the proposed canonical Chandrasekhar algorithm.
We have next obtained the canonical control algorithms for the#LQG
problems for systems with zero mean white Gaussian state disturbances
and for systems Qith known constant plus zero mean white Gaussian
state disturbances. We have proposed the use of the canonically

transformed state estimate for implementation of the proportional

ix



and also of the 'proportional plus integral feedback' control laws.
We have again illustrated the results by considering the two-~area

power system.

In the second part, we have studied the state estimation and
the three control problems of the discretized version of the inter-
connected systems. In addition to the Kalman and the Chandrasekhar
type filtering algorithms, we have studied the square root filtering
algorithm also. We have again shown a significant computational
advantage of the transformation of the state model to the simplified
observable canonical form for all the three forms of the filtering
algorithm. In addition, th~= canonical model can be used to obtain
reliable decentralized filters. UWe have then proposed some new
optimal proportional state and 'proportional state plus summation
output feedback' control algorithms on the basis of the canonical
state model. All the results have been illustrated using the two-
area powsr system problem. UWe have also used this system in order
to illustrate some differences between the solutions of the continuocus

time problems and th2ir discretized versions.



CHAPTER

1

CONTENTS

List of Principal Symbols
List of Computational Symbols

fibstract

SCOPE OF THE WORK

Te1

1.2

1.3

1.4

INTRODUCTION

THE CONVENTIONAL SOLUTION OF THE STOCHASTIC
OPTIMAL CONTROL PROBLEM

1.2.1 The case of continuous time systems
122 The case of discrete time systems

CHANDRASEKHAR TYPE ALGORITHMS FOR ESTIMATION
AND CONTROL

1+3.1 Solution af the continuous time
regulator problem

1.3.2 Solution of the continuous time
filtering prablem

1¢3.3 Salution of the discrete time
filtering problem

DECENTRALIZED STATE ESTIMATION ALGORITHMS
1.4.1 Global dynamics filter
1+4.2 Surely locally unbiased filter

1.4.3 Partially decentralized filters which
employ interaction estimates

Page

ix

10

12

14

15

16
18
20

22



CHAPTER 2

1.5 SOME OTHER FORMS OF SOLUTIONS OF LARGE
SCALE ESTIMATION PROBLEMS

1+5.1 Sequential output processing

1452 Us2 of canonical model

1.6 SCOPE OF THE THESIS

ON CENTRALIZED AND DECENTRALIZED STATE ESTIMATION
0F CONTINUOUS TIME INTERCONNECTED SYSTEMS

2.1 INTRODUCTION
2.2 PROBLEM FORMULATION

2.3 THE CANONICAL KALMAN-BUCY FILTERING
ALGORITHM

2.3.1 Computational requirement of the
conventional Kalman-Bucy filter

2.3+2 Computational reguirement of the
canonical Kalman-Bucy filter

2.4 THE CANONICAL CHANDRASEKHAR ALGORITHM

2.4.1 Computational requirement of the
conventional Chandrasekhar algorithm

2.4.2 Computational reguirement of the
canonical Chandrasekhar algorithm

2.5 DECENTRALIZED STATE ESTIMATION
2.6 RESULTS OF & SIMULATION STUDY

2.7 CONCLUDING REMARKS

Page

25

25

34

39
41

47
47
49

53

53
55

58
61

73



CHAPTER 3

CHAPTER 4

CHAPTER 5

CONTROL OF CONTINUOUS TIME INTERCONNECTED
SYSTEMS WITH ZERC MEAN RANDOM DISTURBANCES

3.1

3.2

3.3

3.4

3.5

3.6

INTRODUCTION
PROBLEM FORMULATION

THE CONVENTIONAL CONTROL ALGORITHM USING
THE CANONICAL MODEL

THE CHANDRASEKHAR CONTROL ALGORITHM USING
THE CANONICAL MODEL

RESULTS OF A SIMULATION STUDY

CONCLUDING REMARKS

CONTROL OF CONTINUOUS TIME INTERCONNECTED
STOCHASTIC SYSTEMS WITH CONSTANT DISTURBANCES

INTRODUCTION
PROBLEM FORMULATION

THE CONVENTIONAL (P+I) CONTROL ALGORITHM
THE CHANDRASEKHAR (P+I) CONTROL ALGORITHM
RESULTS OF A SIMULATION STUDY

CONCLUDING REMARKS

ON STATE ESTIMATION OF DISCRETE TIME
INTERCONNECTED SYSTEMS

5.1

5.2

INTRODUCTION

PROBLEM FORMULATION

Page

75

75
77

79

87

92

94

100

100
102
104
118
120

124

130

130

132



CHAPTER 6

CHAPTER 7

5.3

5.4

5.5

THE KALMAN FILTERING ALGORITHM FOR THE
CANONICAL STATE MODEL

THE SQUARE ROOT FILTERING ALGORITHM FOR
THE CANONICAL STATE MODEL

THE CHANDRASEKHAR TYPE FILTERING ALGORITHM

FOR THE CANONICAL STATE MODEL

DECENTRALIZED STATE ESTIMATION

RESULTS OF A SIMULATION STUDY

CONCLUDING REMARKS

CONTROL OF DISCRETE TIME INTERCONNECTED
SYSTEMS WITH ZERO MEAN RANDOM DISTURBANCES

6.1

6.2

6.3

6.4

6.5

6.6

6.7

INTRODUCTION
PROBLEM FORMULATION

THE CONVENTIONAL CONTROL ALGORITHM USING
THE CANONICAL MODEL

THE SQUARE ROOT FILTER BASED CONTROL
ALGORITHM USING THE CANONICAL MODEL

THE CHANDRASEKHAR FILTER BASED CONTROL
ALGORITHM USING THE CANONICAL MODEL

RESULTS OF A SIMULATION STUDY

CONCLUDING  REMARKS

CONTROL OF DISCRETE TIME INTERCONNECTED
STOCHASTIC SYSTEMS WITH CONSTANT DISTURBANCES

7.1

INTRODUCTION

7.2 PROBLEM FORMULATION

Page

138

142

146

150
154

157

163

163
165

167

171

174

177

180

187

187

189



Page

7.3 DEYELOPMENT OF THF STOCHASTIC (P+I) 191
CONTROL ALGORITHM
7.4 THE CONVENTIONAL (P+I) CONTROL ALGORITHM 193
7.5 THE SQUARE ROOT FILTER BASED (P+I) 199
CONTROL ALGORITHM USING THE CANONICAL MODEL
7.6 THE CHANDRASEKHAR FILTER BASED (P+I) 202
CONTROL ALGORITHM USING THE CANONICAL MODEL
7.7 RESULTS OF A SIMULATION STUDY 206
7.8 CONCLUDING REMARKS 208
CHAPTER 8
SUMMARY AND SUGGESTIONS 215
8.1 SUMMARY 215
B.2 SUGGESTIONS FOR FURTHER WORK 218
REF ERENCES 221
APPENDIX 226
MODEL OF THE TWO-AREA POWER SYSTEM 226
A.1 DFESCRIPTION OF THF CONTINUOUS TIME 226
MODEL :

A.2 DISCRETIZATION OF THE MODEL 230



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

