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ABSTRACT 

Optimal power flow (OPF) is one of the main functions of power system operation and 

control. This project presents a new technique for solving the optimal power flow 

problem, in a power system using an Evolutionary Programming and Immune Evolution 

Programming optimization technique. This study will utilize concept of Immune 

Evolutionary Programming (IEP) which is a combination of EP and AIS technique and 

compare the results to that obtained from Evolutionary Programming (EP) technique. The 

study explores two functions namely total loss minimization and total cost minimization 

as the objective fimction. Comparison was made in order to determine the base objective 

function to be used for the solving Optimal Power Flow (OPF) problem. The developed 

algorithm was tested against on IEEE 26 bus test system. 

Keywords: 

Evolutionary Programming (EP), Artificial Immune System (AIS), Immune Evolutionary 

Programming (IEP), Optimal Power Flow (OPF). 



TABLE OF CONTENTS 

PAGE 

DECLARATION ii 

ACKNOWLEDGEMENT iii 

ABSTRACT iv 

TABLE OF CONTENTS v 

LIST OF FIGURE ix 

LIST OF TABLES x 

SYMBOLS AND ABBREVIATIONS xi 

CHAPTER 1 

INTRODUCTION 

1.1 Background 1 

1.2 Aim of the Project 3 

1.3 Organization of the Thesis 3 

CHAPTER 2 

OPTIMAL POWER FLOW 

2.1 Introduction 4 

2.2 The Economic Dispatch Problem 6 

3.2.1 Economic Dispatch without Losses 6 

3.2.2 Economic Dispatch with Losses 8 

3.2.3 Effect of Inequality Constraints 22 

2.3 Control Variables 12 

2.4 Objective Function 12 

CHAPTERS 

EVOLUTIONARY PROGRAMMING (EP) 

3.1 Introduction 25 

iv 



3.2 Features of EP 25 

3.3 Types of EP 26 

3.3.1 General Evolutionary Programming 28 

3.3.2 Fast Evolutionary Programming 28 

3.3.3 Selective Evolutionary Programming 29 

3.4 Developing Obj ect Orientation 29 

3.5 Evolutionary Programming Algorithm 29 

3.5.1 Initialization 30 

3.5.2 Mutation 30 

3.5.3 Tournament/ Selection 32 

3.5.4 Convergence Test 32 

CHAPTER 4 

ARTIFICIAL IMMUNE SYSTEM (AIS) 

4.1 Introduction 29 

4.2 The Clonal Selection Theory 30 

4.3 Reinforcement Learning and Memory 32 

4.4 Somatic Hypermutation, Receptor Editing and 33 

Repertoire Deversity 

CHAPTER 5 

IMMUNE EVOLUTIONARY PROGRAMMING (DEP) .... 

5.1 Introduction 36 

5.2 Immune Evolutionary Programming Algorithm 36 

5.2.1 Initialization 36 

5.2.2 Mutation 37 

5.2.3 Selection 38 

5.2.4 Cloning Process 38 

5.2.5 Second Mutation 38 

5.2.6 Second Selection 38 

5.2.7 Convergence Test 39 

v 


