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ABSTRACT 

The thesis deals with the problem of parameter estimation in lumped 

and distributed parameter systems, using Laguerre polynomials. The 

approach followed starts by eliminating all derivatives in the 

mathematical model of the system by successive integration, i.e. 

it converts the differential equation into integral one. 	This 

successive integration procedure introduces the unknown.initial 

and boundary conditions explicitly in the mathematical model. These 

conditions are assumed in the form of truncated Laguerre series 

whose coefficients are to be determined. Clearly, once these cool"- 

ficients are determined, the truncated Laguerre series will then 

yield an estimate of the initial and boundary conditions. 	This 

way, the present identification problem reduces to that of deter-

mining the coefficients of the differential equation and the co-

efficients of the aforementioned truncated Laguerro series, 

Subsequently-, the input and output signals are expanded in trun-

cated Laguerre series and are introduced into the integral °qua 

tion where upon equating coefficients of like Laguerro polynomials, 

a linear system of equations in both the unknown model parameters 

and unknown Lapaerre coefficients of the initial and boundary 

conditions is derived. We make use of the bidiagonal property 

of Legucrro polynomial operational matrix. to make the above linear 

equations recursive and then solve them using grevillors algorithm 

to get an estimate - of the paramotors of tho model. Our mothod is 

useful for estimating paramoters'aven in an unobservable system 



becuase of the application of Greville's algorithm. 

In all  seven problems have been considered. In the first, 

a recursive least-square estimation algorithm has been developed 

for finding out the coefficients of the Leguerre polynomial expan, 

aion of a signal, when a truncated series of polynomials are uaed 

to represent the signal. We have shown how the same algorithm 

can be used for both the single variable and double variable 

functiona. Numerical results are given to illustrate the algorithm. 

The second problem considers parameter estimation of linear 

distributed system. The method is illustrated by a numerical exa

ple. The problem of parameter 'estimation in bilinear lumped systems 

and a class of non-linear lumped systems with fractional powers in 

non-linearity is considered next. 

The fourth problem considers parameter estimation in non, 

linear distributed system. Here we have included a case study. 

Subseqacntlya use of Laguorre polynomials has been extended to 

cover the identification of parameters of a system described by 

a linear differential equation with coefficients of finite order 

polynomials LI time t. Also we have used Laguerre polynomials to 

identify the parameters of a system described by a linear partial 

differential equation (distributed system) with coefficients of 

finite order polynomials in time t. 

Lastly, a genoral algorithm is presented for identification 

of tho parameters in tho transfer function matrix of a multi-input-

multi-output (MEMO) system, using Lagaerre polynomials. An example 

is included to illustrate the applicability of the propoaed method. 



1 

CONTMT3 

ACKNOWLEDGEMENT 

ABSTRACT 

INTRODUCTION 

Page 

1.1 Review of Orthogonal Functions and 
its Applications 

3 

1.2 Scope of the Thesis 

1.3 The Problem of Parameter Estimation 11 

1.3.1 Geperal Model Equations for Distributed 11 
Parameter Systems 

1.3.2 Parameter Estimation Problem 13 

1.3.3 Model used in the Thesis 13 

1.4 Outline of the Thesis 14 

ON-LINE LEAST-SQUARES Ma HOD OF 17 
ESTIMATING THE COEFFICIENTS 	OF 
THE TIGUEBRE-POLYNOYaAL EXPANSION OF 
A FUNCTION 

2.1 Introduction 17 

2.2 An Introduction to Laguerre Polynomial 18 

2.2.1 Definition of Laguerre Polynomial 19 

2.2.2 Operational Matrix of Integration 21 

2.3 Least-Squares Estimation of Coefficients 
of Laguerre Polynomial-Single Variable 

22 

Case 

2.4 A Numerical Example - Single Variable Case 24 



Page 

2.5 Least-Squares Estimation of Coefficients 
of Laguerre Polynomial - Two Variable Case 

25 

2.6 .A Numerical Example - Double Variable Case 28 

2.7 Conclusion 29 

IDENTIFICATION OF LINEAR DISTRIBUTED 31 
SYSTEMS VIA LAGUERRE POLYNOMIALS 

3.1 Introduction 31 

3.2 Problem Formulation 32 

3.3 Mathematical Preliminaries 33 

3.4 The Identification Process 36 

3.5 Numerical Example 39 

3.6 Conclusion 40 

RECURSIVE PARAIMTER ESTIMATION ALGORITHMS 42 
FOR BILINEAR .AND NONLINEAR SYSTEMS 
USING LAGUERRE POLYNCYJAL APPROACH 

4.1 Introduction 42 

4.2 Problem Formulation 43 

4.3 Mathematical Preliminaries 45 

4.4 Estimation of Parameters in Bilinear 46 
Systems 

4.5 Numerical Example - Bilinear System 49 

4.6 Estimation of Parameters in a Nonlinear 51 
System 

4.7 Numerical &ample - Nonlinear System 53 

4*8 CONCLUSION 55 



5 IDENTIFICATION OF NONTINEAR DISTRIBuIED 
SYSTEMS VIA. LAGUERBE POLYNOMIAL APPROACH 

Page 

57 

5.1 Introduction 57 

5.2 Problem Formulation 58 

5.3 The Identification Process 58 

5.4 The Numerical Example 65 

5.5 Case Study - A. Diffusion Process with a 67 
Nonlinear Term 

5.6 Conclusion 

6 IDENTIFICATION OF LUMPED LINEAR TIME 72 
VARYING SYSTEMS VIA LAGUERRE POLYNOMIALS 

6.1 Introduction 72 

6.2 Problem Formulation 73 

6.3 Mathematical Basis for the Proposed Method 74 

6,4 Identification of Parameters 77 

6.5 Numerical Example 83 

6.6 Conclusion 84 

7 IDENTIFICATION OF DISTRIBUTED LINEAR TIME- 85 
VARYING SYSTEMS 	VIA Llauw.. IpouomIlLs 

7.1 Introduction 85 

7.2 P-oblem Formulation 86 

7.3 Identification Procedure 86 

7.4 Numerical Example 90 

7.5 Conclusion 92 



Page 

A RECURSIVE PETHOD FOR TRANSFER-FUNCTION 	93 
MATRIX IDENTIFICATIOIT IN lvdM0 SYSTEMS 
VIA LAGUEP POLKNOMEALS 

	

8.1 	Introduction 	 93 

	

8.2 	Problem Formalation 	 94 

	

8.3 	Identification Procedure 
	

96 

	

8.4 	Numerical Example 
	 99 

	

8.5 	Conclusion 	 101 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER 	102 
WORK 

	

9.1 	Summary of Results 	 102 

	

9.2 	Suggestions for Farther Work 	104 

REFERENCES 	 106 

APPENDICES 

CURRICULUM VITAE 


