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ABSTRACT

Voltage instability has recently become a challenging problem for many power
system operators. This phenomenon could lead to the occurrence of voltage collapse
or blackout to the whole system. Voltage stability monitoring in power system
operation is a suggested solution for this problem so that the occurrence of voltage
collapse due to voltage instability could be avoided. This thesis presents the
application of Artificial Inmmune Systems (AIS) for online voltage stability evaluation
which could be used as an early warning system to the power system operator so that
necessary action could be taken in order to avoid the occurrence of voltage collapse.
Based on the literature review, it has been found that no research has yet been
conducted in analyzing voltage stability condition of a power system using AIS,
indirectly showing that this new technigue provides an alternative way in solving this
problem based on voltage stability index evaluation. Key features of the proposed
method are the implementation of clonal selection principle that has the capability in
performing pattern recognition task and the implementation of multistage
programming concept which has steered the developed system to complete the
computation at a rate faster and enhanced the efficiency of the training process in
terms of the accuracy of the prediction. The proposed method was developed using
C++ programming language and was tested on the IEEE 6-bus and 30-bus power
system. Fast performance with accurate prediction for voltage stability index has been
obtained. A comparative study also had been conducted with another Artificial Neural
Network-based system developed for the similar purpose. The results obtained have
shown the potential of AIS as an alternative method in solving pattern recognition-
related task and in this case recognizing the voltage stability condition based on the
loading condition of a system. This new technique promises many advantages in
producing good solutions and has the potential to be a valuable tool for fast real-time

voltage stability assessment in a power system.
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CHAPTER 1

INTRODUCTION

1.0  Introduction

Voltage stability is the ability of a power system to maintain voltage so that when load is
increased, both power and voltage are controllable. Voltage security on the other hand is
the ability of a power system not only to operate in a stable condition, but also to remain
stable (as far as the maintenance of system voltage is concerned) following any

reasonable credible contingency or adverse system change.

Security evaluation involves evaluating the power system's ability to face various
contingencies, and proposing ways to counter its main weaknesses when necessary [1].
Normally, power system operates in a condition that is considered secure. It means the
system will remain in a secure operating state if any single event or failure were to occur.
In a secure state, all system parameters are operating as desired with all voltages within
their specified limits [2]. Hence, security evaluation is one of the main procedures in the

planning and operation of an electrical power system.

Modern power systems are often operated near capacity. During the peak demand
periods, power lines may be loaded to near capacity limit. A power system operating
near to its capacity limit requires quick response by operators in the event of
contingencies and hence rapid security evaluation is needed in order for the system to

continue to operate normally.

Over the past few decades there has been a growing interests in the use of biological
process as a source of inspiration for solving computational problems. This research area

is often referred to as Biologically Inspired Computing. The primary motivation of this



