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ABSTRACT

The thesis presents two-stage bootstrap identification algo-
rithms for discrete-time linear and nonlinear stochastic systeins
represenéed by state variable models. The utility of these algori-
thms in the problems of prediofion, closed-lo0p system identifi-
cation and controller design have also been demonstrated, The method
proposed is a powerful alternative to the usual extended Kalmgn file
tering method which suffers from two major defects : (1) the compu-
tations increase due to state augmentation and (2) the filter often
diverges due to approximate pointwise linearization. In deriving thé
algorithms of this thesis, the main aim of the author has been to
overcome the above two difficulties. This is achieved by splitting
the parameter and state estimation problems into two stages, thus
avoiding higher dimensionality, and fhen employing filters which
check divergence in the estimators. The two stages of estimation
are mutually coupled in bootstrap manner such that the estimates
flow from one into another. To check divergence, four alternative
methods have been proposed which are: (1) modeling error compensation,
(2) minimum divergence criterion, {3) stochastic approximation method
and (4) Pandya's adaptive filter. These are used in the state
estimators of the two-stage procedure.

Validity of above algorithms has been tested using both
simlated and real life data. A linear model using weather data
of Delhi has been obtained for predicting daily maximum temperature

and humidity. Two nonlinear models, again using real data, have
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been”obtained for making prediction of river flow and unemployment
ratee.

Besides the agbove, two more probleﬁs, one of closed-loop
identification and another of controlier design for deterministic
and stochastic systems have been considered. These problems have

also been solved using the proposed two-stage estimation algorithas.

]

0o=



CHAPTER -~ 1

1.1
1.2

1.3

1.4
1.5
1.6

l.7
1.8

77 b Tj\

N N N
. . .
N pd

n
[ ]
W

ACKNOWLEDGEMENTS .e
ABSTRACT e
PROBIEM FORMULATION .
Introduction .o

Problems of Identification, Prediction

and Control .o
Extended Kalman Filter with Application
to Parameter Egtimation .o
Method of Stochastic Approximation .
Minimum Divergence Filter Solution .
Two Stage Bootstrap Identification

Method and Pandya's Filter .
Problem Statements o
Outline of the Thesis .

BOOTSTRAP IDENTIFICATION OF IINEAR

SYSTEMS .
Introduction x
Problem Statement .
Two Stage Bootstrap Algorithm .o

Problem of Divergence and Modeling
Error Compensation .

Solution Using Minimum Divergence
Criterion .o

Solution Using Stochastic Approximation
Method os

11
17
19

2l
25
31

33
33
35
37

39

43

45



249

CHAPAER -

N
.
-3

2.8

CHAPTER -

3.1
3.2
3.3
3.4
3.5

CHAPTIR -

4.1

4.2
4¢3
4.4

4.5

4.6

\J1

(ii)

Solution Using Pandya's Adaptive
Filter

* 9
Computational Aspects .o
A Nunmerical DLxample Py

APPLICATION OF BOOTSTRAP IDENTIFTICARION

I

ALGORITHMS TO WEATHER PREDICTION
Introduction

Independent Models

Results of Real Data Processing
A Genefal Model

Real Data Processing Using General

Model

BOOTSTRAP IDENTIFICATION F A CLASS
OF CLOSED-LOOP SYSTEMS

Introduction
Problem Statement
State Variable Formulation

Identification Using Modeling Error
Compensation

Identification Using Stochastic App-
roximation and Pandya's Adaptive
Filter

A Numerical Example

BOOTSTRAP IDENTIFICATION GF NONLINEAR

SYSTEMS o0 APRIICATION TO PREDICYION

PROBLEMS
Introduction
Problem 3tatement

A Minirnum Divergence Filter for
Nonlinear Systeis

° 8

LR J

46
48

- 50

58
58
59
62
69

71

13

8

81
82

84

85
87

90 .
90
92

93



(iii)

5e4 Two Stage Estimation Algorithms
55 Simulated Examples
56 Application to River Flow Prediction
567 Application %o Unemployment Rate
Prediction
CHAPTER - 6 A BOOTSTRAP DESIGN OF DYNAMIC
CONTROLLERS
6.1 Introduction
6.2 Deterministic System Design
6.3 A Numeriéal Example
6.4 Exampie of a Reduced Order Conmpen-
sator Design
645 Extension to a Stochastic Case
6.6 Example of a Stochastic Case
CHAPTER =-17/ CONCLUSIONS AND SUGGESTIONS FOR
FURTHER STUDIES
Te1 Sumnary <f Results
Te2 Some Suggestions for Further Work
REF ERENCES oe

ro
o
D

104

110
110
112
115

128
128
132

135



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

