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1. INTRODUCTION

The performance of power system is frequently affected by faults, which give rise to disruption in
power flow by occurrence of transients in voltage and current signals. The determination of faults quickly
with a reasonable accuracy helps in faster maintenance and restoration of supply resulting in improved
economy, safety and reliability of power system. This paper is a new approach based on wavelet multi-
resolution analysis and artificial neural network based on the energy obtained from wavelet coefficients.
When a fault occurs in transmission line, it initiates a transition condition. Transients produce over currents
in the power system, which can damage the power system depending upon its severity of occurrence. They
also contain useful information which can be used for analyzing disturbances that occur in transmission lines.
The analysis of transients are due to the presence of high frequency components in voltage and current fault
signals and there are various methods to extract useful information from these high frequency components.
These methods are based on Fourier transform, wavelet transform, artificial neural network or combination of
these techniques [1]. Fourier transform and wavelet transform are the two major tools which are a great help
in frequency domain analysis of any signal. Fourier transform is used for stationary signal and it provide
twodimensional information, it converts signal from time domain to frequency domain. Fourier transform
has zero-time resolution and very high frequency resolution i.e.; it is only localized in frequency. Whereas
wavelet transform is used for stationary and non-stationary signal and it gives a complete three-dimensional
information of any signal. Wavelet transform has high time resolution and high frequency resolution i.e., it is
localized in both time and frequency. It provides non-uniform division of frequency domain means it uses
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short window at high frequencies and long window at low frequencies. Using wavelet multi-resolution
analysis, a particular band of frequencies present in the fault signal can be analyzed [2].

2. RESEARCH METHOD

Wavelet means ‘small wave’. So wavelet analysis is about analyzing signal with short duration
finite energy functions. They transform the signal under investigation in to another representation which
represents the signal in a more useful form. This transformation of signal is called wavelet transform.
Wavelet transform performs the signal translation and scaling. If the process is done in a smooth and
continuous fashion then the transform is called continuous wavelet transform. If the scale and position are
changed in discrete steps, the transform is called discrete wavelet transform [3]. These wavelet transform
decomposes the analyzing wavelets (mother wavelets) in to translated and dilated versions called daughter
wavelets and then the coefficients are derived. Different types of mother wavelets are haar, daubechies,
symlet and coiflet.

The discrete wavelet transform (DWT) is normally implemented by Mallat’s algorithm its
formulation is related to Multiresolution analysis theory. Discrete wavelet transform can be efficiently
implemented by using only two filters, one high pass (HP) and one low pass (LP) at level (k) at which
fundamental components generate [4]. The results are down-sampled by a factor two and the same two filters
are applied to the output of the low pass filter from the previous stage of the signal. The high pass filter is
derived from the wavelet function (mother wavelet) and measures the details in a certain input having low
pass filter on the other hand delivers a smoothed version of the input signal and is derived from a scaling
function associated to the mother wavelet. The idea is illustrated in Figure 1. Thus discrete wavelet transform
decomposes the signal in to approximation and detail coefficients, approximation coefficients are high
frequency coefficients and detail coefficients are low frequency coefficients and these approximation
coefficients have high energyand detail coefficients have low energy at the same level of the decomposition
tree [5].
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Figure 1. DWT multilevel decomposition

In this paper analysis are carried out by using db4 as mother wavelet. The fault current signals are
analyzed with db4 at level 6 thus approximation and detailed coefficients at level 6 are obtained [6]. We
calculate energy of the approximation coefficients by using the formula

E = ¥iZ5x(k)?

Classification of fault is done from the obtained energy of the approximation coefficients, by using
artificial neural network.
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2.1. Neural Network

Artificial Neural Network (ANN) is a network which is made of several layers, each consisting of
neurons, which are connected by the links with proper weights. They are trained using a set of statistical
learning algorithms. A neural network has the ability to learn and is a complex adaptive system, which means
it can change its internal structure (weights) based on the information (error) flowing through it. So, this
makes it efficient in solving the complex problems where the linear computing fails. Hence it is employed in
applications where formal analysis is difficult or impossible such as pattern recognition and nonlinear system
identification and control is required.

Inputs Layer 1 Layer 2
ARV N
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Figure 2. Model of ANN

Neural networks are composed of simple elements which operate in parallel with interconnection
between them. The weights of connection (link) determine the network function. It is considered as the
simplest kind of feed forward network. A neural network when created has to be trained which is done using
training function. The weights of the link in the network are adjusted automatically to get a particular target
output for specific input [7]. A neural network can have several layers. Each layer consists of set of
predefined neurons for which weight matrix, bias vector and an output function exists. Each neuron in one
layer has direct connections with the neurons of the neighboring layer. The layer which is in between the
input layer and output layer is called hidden layer [8]. By increasing the number of hidden layers and
neurons the network is enabled to extract higher order statistics which is advantageous when number of
inputs is large and highly nonlinear [9].
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3. RESULTS AND ANALYSIS
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Figure 3. Simulink model of transmission line

A 220 kV power system is simulated using MATLAB Simulink, the transmission line parameters
are R1=0.01273 Q/km; RO = 0.3864 Q/km; L1=0.9337 mH/km; LO = 4.1264 mH/km; C1=12.74 nF/km, CO =
7.751 nF/km and Load with 100kw active power and 900w reactive power are considered. Transmission line
length is 300km [10].

3.1. Simulation results
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Figure 4. Simulation Results
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4. PROPOSED SYSTEM ALGORITHM

Here we consider discrete wavelet transform db4 as mother wavelet with 6th level because among
different levels only 6th level is considering for analysis because the frequency corresponding to this level is
covering 2nd and 3rd harmonics which are dominant in the fault conditions [11]. Based on 6th level
approximation coefficients, an efficient algorithm proposed and is shown in Figure 3.

Here we are using radial basis neural network for classification in which neural network is initially
trained with inputs and targets with values 1 and 0. Based on the energy of the approximations coefficients
obtained from the normal condition we design a logic circuit for obtain input values in the form values 1 and
0 and target is trained with high (1) if fault exists and low (0) if there is no fault [12]. Thus we can able to
classify the fault and fault classification format is shown in Table 1.

Table 1. Classify the fault and fault classification format
Olp of neural n/w O/p of neural nfw O/p of neural nfw O/p of neural nfw

S:no for phase la for phase Ib for phase Ic for ground Type of fault
! 1 0 0 1 AG
2 0 1 0 1 B-G
3 0 0 1 1 c-G
4 1 1 0 0 AB
5 0 1 1 0 BC
6 1 0 1 0 AC
! 1 1 0 1 AB-G
8 0 1 1 1 BC-G
9 1 0 1 1 CAG
10 1 1 1 1 ABC-G

Transient disturbance

l

Recording of fault currents

|

Wavelet decomposition of fault
current signal using multi-resolution
analysis

!

Obtaining energy for the obtained
approximation coefficients

!

Classifying the fault using neural
netwarks

Figure 4. algorithm for fault analysis
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5. CONCLUSION

This paper presents the application of wavelet multi resolution analysis in combination with
artificial neural network for accurate classification. The method uses energy of approximation coefficients for
fault classification. Wavelet transform is used to get approximation coefficients for fault currents and thus
classification of faults was exact. This work deals with fault classification, but the proposed algorithm and
scheme can be extended to locate the fault distance from sending end and receiving end.
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