
 

 

CONTENTS 

  

Acknowledgements i 

Abstract ii-iii 

List of Tables iv-vi 

List of Figures vii-xiii 

Elementary Notations and Terminologies xiv 

1 Introduction 1-18 

 1.1 Model Order Reduction 1 

 1.2  Model Order Reduction: Historical Aspect 2 

 1.3  Model Order Reduction of Interval Systems 12 

 1.4 Objective of the Thesis 17 

 1.5 Organisation of the Thesis 17 

    

2 Stability of Interval Systems 19-36 

 2.1  Introduction 19 

 2.2  Kharitonov’s Theorem for Real Polynomials 21 

 2.3 Kharitonov’s Theorem for Complex Polynomials 29 

 2.4  Kharitonov’s Theorem for Discrete Time Interval Systems 32 

    

3 Existing Techniques on Model Order Reduction of Interval 

Systems 
37-49 

 3.1  Introduction 37 

 3.2  Problem Formulation 38 

 3.3 Routh Based Approximations 38 

  3.3.1 Direct Routh Approximation for Interval Systems 38 

  3.3.2    Approximation for Interval Systems 40 

  3.3.3   Approximation for Interval Systems 43 

  3.3.4 Modified Routh Approximation for Interval 

Systems 

45 



 

 

  3.3.5 Improved Modified Routh Approximation for 

Interval Systems 
48 

 3.4 Limitation Using Interval Routh approximation 49 

    

4 Proposed Techniques for the Reduction of Continuous Time 

Interval Systems Based on Mixed Methods 
50-124 

 4.1  Introduction 50 

 4.2  Problem Formulation 50 

  4.2.1 Integral Square Error 51 

  4.2.2 Integral Absolute Error 51 

 4.3  Mihailov Criterion Approximation 51 

  4.3.1 Mihailov Criterion and Routh Approximation 

Method (MCRAM) 
52 

  4.3.2 Mihailov Criterion and Factor Division Method 

(MCFDM) 
54 

  4.3.3 Mihailov Criterion and Cauer Second Form 

(MCCSF) 
56 

 4.4  Alpha Truncation Method 73 

  4.4.1 Alpha Truncation and Factor Division Method 73 

  4.4.2 Alpha Truncation and Cauer Second Form 75 

 4.5  Direct Routh Approximation Method 87 

 4.6 Direct Truncation Method for Interval  Systems 94 

 4.7 Differentiation Method for Interval Systems 106 

  4.7.1 Direct Differentiation Method for Interval Systems 106 

    

5 Proposed Techniques for the Reduction of Continuous Time 

Interval Systems Considering dependency property 
125-156 

 5.1  Introduction 125 

 5.2 Problem Formulation 126 

 5.3  Modified Differentiation Method for Interval Systems 126 

 5.4  Modified Schwarz Approximation method for Interval 134 



 

 

Systems 

 5.5 Comparison of Methods 139 

 5.6 Illustrative Examples 140 

    

6 Proposed Techniques for the Reduction of Discrete Time 

Interval Systems 
157-171 

 6.1  Introduction 157 

 6.2  Preliminaries 157 

 6.3  Error Index 158 

 6.4  Modified Differentiation Method for Discrete Time Interval 

Systems. 
158 

 6.5    Truncation Based Method Using Linear Transformation 160 

  6.5.1    Truncation Method 160 

  6.5.2    Truncation and Factor Division Method 163 

 6.6 Illustrative Examples 165 

    

7 Control System Design Using Stability Boundary Locus 172-180 

 7.1 Interval Plant Stabilization Using PI controller 172 

 7.2 Illustrative Example 175 

    

8 Conclusions  181-184 

 7.1 Summary of Results 181 

 7.2 Highlights of Contributions 183 

References 185-205 

List of Publications 206-207 

 


