Contents

SYNOPSIS
List Of Figures
List Of Tables

1 Introduction

1.1 Background .
1.2 Motivation . .

1.3 Organization of thesis. . . . . . . . . . ... ... 0

2 State of art

2.1 Parameter optimization of 2DOF controller . . . . . . . . . ... ... ...

2.2 Multiobjective optimization: Stateof art . . . . . . . . ... ... ... ..

2.2.1 Advances in multiobjective optimization of evolutionary algorithms

2.2.1.1

2.21.2

First Generation or Non elitist multiobjective genetic al-
gorithms . . . . . . . . ...
Second Generation or Elitist multiobjective genetic algo-

rithms . . . . . . .

2.2.2  Advances in multiobjective optimization of PSO algorithms. . . . .

2221

2222

2.2.2.3
2224

Multiobjective optimization based on Pareto dominance
by Moore and Chapman[10] . . . . .. ... ... ... ..
A swarm metaphor for multiobjective design by Ray and
Liew [38] . . . . . .
The algorithm by Parsopoulos and Vrahatis [11] . . . . . .
MOPSO using dynamic neighborhood by Hu et al.[39]

iii

xii

Xvi



X1

2.2.2.5 MOPSO based on dominated tree data structure and tur-
bulence by Fieldsend and Singh[40] . . . . ... ... ...
2.2.2.6  MOPSO based on extended memory dynamic neighbor-
hood by Hui, Eberhart, and Shi[4] . ... ... ... ...
2.2.2.7 Strategies for finding good local guides in MOPSO by
Mostaghim and Teich [7] . . . . . ... ... ... ... ..
2.2.2.8 Nondominated sorting PSO for multiobjective optimiza-
tion by Liet al.[12] . . . . . .. ... . oL
2.2.2.9 Handling multiple objectives with PSO by Carlos, Grego-

rio and Maximino [13] . . . .. ... .. ... ... ...

2.3 Conclusion . . . . . . .

2DOF controller and Heat Exchanger System Description

3.1
3.2
3.3
3.4
3.5

Introduction . . . . . ...
Conventional 1DOF feedback control system . . . . . .. .. .. ... ...
Two degree of freedom(2DOF) control system . . . . ... ... ... ...
Heat exchanger system description . . . . . . ... .. ... ... .....

Conclusion . . . . . . . .

MOOP and 2DOF Controller Parameter Optimization Method

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

Introduction . . . . . . . ...
Difference between single and multiobjective optimization . . . . . . . . ..
Definition: Multiobjective optimization problem formulation . . . . . . ..
Definition: Domination . . . . . . . . . ... ... L
Definition: Nondominated set . . . . . . . . . ... .. ... ... . ....
Definition: Pareto optimal set . . . . . . . ... .. ... ...
Definition: Pareto front . . . . . . . . . . ... . L
Solution of multiobjective optimization problem . . . . . . ... .. .. ..

Discussion on criteria for evaluation of objective functions . . . . . . . ..

4.10 Formation of objective functions . . . . . . . .. .. ...

4.11 Conclusion . . . . . . .

Multiobjective Optimization : Evolutionary Algorithm

5.1

Introduction . . . . . . . .



xii

5.2
5.3
0.4
5.5
5.6

5.7
5.8
5.9

Working of GA . . . . . . .
Tuning of 2DOF controller using Genetic algorithm . . . . . . ... .. ..
Working of Nondominated Sorting Genetic Algorithm-II (NSGA-II) . . . .
Algorithm for tuning 2DOF controller using NSGA-IT . . . . . . .. .. ..
Working of Nondominated Sorting Genetic Algorithm-IIT (NSGA-III) [5]

5.6.1 Classification of population into nondominated levels . . . . . . ..

5.6.2 Determination of reference points on a hyper plane . . . . .. . ..

5.6.3 Adaptive normalization of population members . . . . ... .. ..

5.6.4 Association operation . . . . . .. ..o

5.6.5 Niche preservation operation . . . . . . . . ... ... ... ... ..
Algorithm for tuning 2DOF controller using NSGA-IIT . . . . . . . .. ..
Comparison of results using NSGA-II and NSGA-III algorithms . . . . . .

Conclusion

6 Multiobjective optimization : Swarm Intelligence

6.1
6.2
6.3
6.4
6.5

Introduction . . . . . . . .

Algorithm for tuning 2DOF controller using particle swarm optimization

Working of multiobjective particle swarm optimization algorithm . . . . .

Implementation of algorithm and comparison of results . . . . . .. .. ..

Conclusion

7 TOPSIS: Multi-criteria decision making technique

7.1
7.2
7.3
74

Introduction . . . . . . ..o

Implementation steps of TOPSIS algorithm . . . . . ... ... .. ....
Application of TOPSIS on NSGA-II, NSGA-III, and MOPSO . .. .. ..

Conclusion

8 Conclusion & Future Scope

Appendices

A Curriculum Vitae

47
48
52
93

95
95
o6
o7
58
a8
61
88

116
116
117
119
135

137

149

150



