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I. INTRODUCTION 

Transmission lines connect various parts of the power system 

network. Their main purpose is to transmit the power from 

power stations to the consumers. Transmission lines are 

exposed to the environment therefore they are subjected to 
various types of faults due to effect of harsh environmental 

conditions. The possibility of faults in transmission line is 

higher than the other elements of power system. Table 1 

gives an approximate idea of fault statistics. 

 

Element % of Total faults 

Overhead Lines 50 

Underground Cables 9 

Transformers 10 

Generators 7 

Switchgears 12 

Control Equipments, etc. 12 

Table 1 Percentage distribution of faults in various elements 

of power system 
From Table 1, the importance of protection of transmission 

line can be understood because maximum faults occur in 

transmission lines. Transmission lines are made of bare 

conductors. Whenever these conductors are shorted together 

because of wind, ice and falling trees, there is a possibility of 

faults. Overvoltage occurs because of lightning and switching 

surges. When fault occurs in transmission line it is necessary 

to detect the fault, classify it and find its location to make 

necessary repairs. Detection of fault means whether it is 

continuous or momentary transient, whether it is in the 

protection zone or outside the zone. As far as protection of 

transmission line is concerned, fault classification means to 
determine that fault belongs to which of eleven possibilities 

such as from 3-LG, 3-LL, 3-LLG, LLL & LLL. 

Types of 

Faults 

Fault Symbol % of Total 

Faults 

Line to Ground LG 85 

Line to Line LL 8 

Double Line to 

Ground 

LLG 5 

Three Phase 3-ø 2 

Table 2 Frequency of occurrence of faults in transmission 

line 
Table 2 shows the frequency of occurrence of different types 

of faults on overhead lines. From the table it is seen that line 

to ground faults are more frequent than any other type of  

 

fault. After the classification of fault, tripping signals are 

sent to the circuit breakers. The series compensation schemes 

have been proven to be an important component in long 

transmission line. This is because of the low cost of series 

compensation compared to the cost of building a new 
transmission line. Series capacitors reduces inductive 

reactance and increases the transfer capability, reducing the 

losses associated with transmission lines, controlling the load 

flow between parallel circuits and improving transient and 

steady state stability margins. Due to these reasons, series 

compensated transmission lines have become common in 

locations where distance between load centres is great and 

large transmission investments are required. The addition of 

series compensation in the transmission circuit could impose 

several problems in designing. One of these problems is due 

to protection system elements; the distance relays are 
adjacent to server incorrect operations. The reason is the 

distance relays are sensitive to line length or in other words, 

to the amount of impedance of the line. The conventional or 

numerical distance relays have fixed settings for a particular 

transmission line which is to be protected. But, the Electrical 

Power System or to be precise, Transmission line is the 

varying element of Power System. The network conditions 

are changed many times for example; a new line is added to 

the existing electrical network or a line taken out of service 

for maintenance or repair. These changing network 

conditions affect the reach of distance relays and sometimes 

they malfunction. Also, the effect of arc resistance and 
power swings affects the relay operation and hence special 

care has been taken while implementing them in distance 

protection. Artificial Neural Networks, because of their 

generalizing and mapping abilities are capable of processing 

of such non linear inputs and may work as relay that can 

operate correctly, maintaining the reach during different fault 

conditions and in changing network configurations. The 

artificial neural networks provide a very interesting and 

valuable alternative for the protection of series compensated 

transmission lines because they can deal with most 

situations, which are not defined sufficiently for 
deterministic algorithms to execute. 

 

II. BASIC CONCEPTS OF ANN 

Artificial neural networks are a form of computation inspired 

by the structure and function of the brain. Various learning 

mechanisms exists to enable neural network acquire 

knowledge. Neural network architectures have been 

classified into various types based on their learning 

mechanisms and other features. Some classes of neural 

network refer to this learning process as training and the 
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ability to solve a problem using the knowledge acquired as 

inference. Neural networks are simplified imitations of the 

central nervous system, and obviously therefore, have been 

motivated by the kind of computing performed by the human 
brain. The structural constituents of a human brain termed 

neurons are the entities, which perform computations such as 

cognition, logical inference, pattern recognition and so on. 

Hence, the technology which has been built on a simplified 

imitation of computing by neurons of a brain has been termed 

Artificial Neural Networks. 

 

A. Biological Neuron 

The brain is made up of a vast network of neurons, which are 

coupled with receptors and effectors. The neuron is the 

fundamental unit of the nervous system, particularly the 

brain. Considering the microscopic size, it is an amazingly 
complex biochemical and electrical signal processing factory. 

From a classical viewpoint, the neuron is a simple processing 

unit that receives and combines signals from many other 

neurons through filamentary input paths called dendrites. 

Dendrites are bunched into highly complex dendrites trees 

which have an enormous total surface area. Dendritic trees 

are connected with the main body of the nerve cell, the soma. 

The soma has a pyramidal or a cylindrical shape. The 

dendrites conduct signals to the soma or cell body (Fig. 1). 

Extending from a neuron‟s soma, at a point called axon 

hillock is a long fibre called the axon, which generally splits 
into a very small branches constituting the axonal 

arborisation. The interior of the cell is filled with the 

intracellular fluid, and the outside with extracellular fluid. 

When excited above a certain threshold, the neuron fires. It 

transmits an electrical signal, the axon potential, along an 

axon. The tips of axon branches impinge either upon 

dendrites, somas, or axons of other neurons or upon effectors. 

The axon-dendrite contact between the end bulb and the cell 

it impinges upon is called a synapse. In other words, the 

connection or junction between a neuron‟s axon and another 

neuron‟s dendrite is called a synapse. 

 
Fig 1. A Biological Neuron 

The signal in a neuron flows from the dendrites through the 

soma converging at the axon hillock and then down the axon 

to the end bulbs. A single neuron may have 1000 to 10000 

synapses and may be connected with around 1000 other 

neurons. All the synapses are not excited at the same time. 

When the action potential reaches the axionic endings, 

chemical messengers known as neurotransmitters are 

released. Neurotransmitters are stored in tiny spherical 

structures called vesicles and are responsible for the effective 

communication of information between neurons; they either 

accelerate or retard the flow of electrical charges. The 

fundamental actions of the neurons are chemical in nature. 

The neurotransmitter fluid produces electrical signals that go 

to the soma of the neuron. All integrated fluid produces 
electrical signals that go to the soma of the neuron. All 

integrated signals are combined at the soma, and if the 

amplitude of the combined signal reaches the threshold of 

the neuron, a firing process is activated and the output signal 

is produced. The signal is transmitted along the cell‟s axon to 

the axonic endings. 

 

B. Artificial Neuron 

An artificial neuron is an information processing unit that is 

fundamental to the operation of neural network. Fig. 2 shows 

the schematic representation of an artificial neuron. It 

consists of a set of synapses or connecting links, each of 
which is characterised by a weight or strength of its own. 

The input signals are x0, x1, x2, ..., xn. These signals are the 

continuous variables, not the discrete electrical pulses that 

occur in brain. Specifically, a signal xj at the input of 

synapse j connected to neuron k is multiplied by the synaptic 

weight Wkj. The first subscript refers the neuron and the 

second subscript refers to the input end of the synapse to 

which the weight refers. Unlike a synapse in the brain, the 

synaptic weight of an artificial neuron may lie in a range that 

includes negative as well as positive values, corresponding to 

the acceleration or inhibition of the flow of electrical signals. 
The processing element consists of two parts. The first part 

consists of adder for summing up the input signals, weighted 

by the respective synapses of the neuron, and the second part 

consists of an activation function, in that it squashes the 

permissible amplitude range of the output signal to some 

finite value. The normalized amplitude of the output of a 

neuron lies within the closed unit interval [0, 1] or [-1, 1]. 

 
Fig 2. An Artificial Neuron 

An external bias bk is also applied to the neuron. It has the 

effect of raising or lowering the net input of the activation 

function, depending on whether is positive or negative, 

respectively. The activation function is denoted by ∅ 𝐼 , 

defines the output of the neuron in terms of the individual 

local field 𝐼. The threshold function passes information only 

when the output of the first part of artificial neuron exceeds 

the threshold value 𝑇. 

 
C. Neural Network Architectures 

Single layer feed forward network consists of two layers; the 

input layer and the output layer. The input layer consists of 

input neurons which receive the input signals and the output 

layer consists of output neurons which receive the output 
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signals. The synaptic links carrying the weights connect 

every input neuron to the output neuron. In this network not a 

single output neuron is connected to input neuron. Fig. 3 

illustrates the example of feed forward network. Such a 
network is said to be feed forward in type or acyclic in 

nature. 

 
Fig. 3 Single layer feed forward network 

Multilayer feed fordward network is made up of multiple 
layers. In addition of input layer and output layer, it also has 

one or more intermediary layers called hidden layers. The 

computational units of the hidden layers are also known as 

hidden neurons or hidden units. The hidden layers perform 

useful computations before directing the input to the output 

layer. The input layer neurons are linked to the hidden layer 

neurons and the weights on these links are referred to as 

input-hidden layer weights. The hidden layer neurons are 

linked to the output layer neurons and the corresponding 

weights are referred to as hidden-output layer weights. 

 
Fig. 4 Multilayer feed forward network 

Recurrent neural networks differ from feed forward network 

architectures in the sense that there is at least one feedback 

loop. Thus, in these networks, for example, there could exist 

one layer with feedback connections as shown in fig. 5. 

There could also be neurons with self-feedback links, i.e. the 

output of a neuron is fed back into itself as input. 

 
Fig. 5 Recurrent neural networks 

Modern neural network architectures are listed below:  

 ADALINE 

 Associative Memory 

 Hopfield Network 

 Adaptive Resonance Theory 

 Back propagation Network 

 Perceptron 

 Boltzman Machine 

 Self Organizing Feature Map 

 

D. Back propagation Networks  

Rumelhart, Hinton and Wilham (1986) presented a clear and 

concise description of the backpropagation algorithm. Parker 

(1982) has also shown to have anticipated Rumelhart‟s work. 

It was also shown elsewhere that Werbos (1974) had 

described the method still earlier. Back propagation is a 

systematic method for training multilayer artificial neural 

network. It has a mathematical foundation that is strong if 

not highly practical. It is a multilayer forward network using 
extend gradient-descent based delta learning rule commonly 

known as back propagation (of errors) rule. Back 

propagation provides a computationally efficient method for 

changing the within Feed forward network, with 

differentiable activation function units, to learn a training set 

of input-output examples. The network is trained by 

supervised learning method. The aim of this network is to 

train the network to achieve a balance between the ability to 

respond and the ability to provide good responses to the 

input that are similar.  During training, each input is 

forwarded through the intermediate layer until outputs are 
generated. Each output is then compared to the desired 

output to get the errors that will be transmitted backwards to 

the intermediate layer that contributes directly to the output. 

Based on these errors, the weights are updated. This process 

is repeated layer by layer until each node in the network has 

received an error signal that describes its relative 

contribution to the total error. The gradient descent algorithm 

suffers from slow training time. Some other fast algorithms 

such as Levenberg-Marquardt, Quasi-Newton, and conjugate 

gradients algorithms have been used to optimise the learning 

rules in BPN.  

 
III. MATLAB SIMULATION 

 
Fig. 6 MATLAB simulation model for 400kv transmission 

line 

The MATLAB simulation model is shown in fig. 6. A 400 

KV, 300 km long transmission line is fed from two 
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substations; 400 KV Substation 1 & 400 KV Substation 2. 

Fault Breaker 1 creates fault at the sending end & Fault 

Breaker 2 creates fault at the receiving end of the 

transmission line. 3-Phase load is connected at the receiving 
end of the transmission line. Series compensation is applied 

at the middle of the transmission line. For different 

conditions the fault data is to be collected for training of 

Neural Network. Fig. 7 describes the fault data collection 

method. 

 
Fig. 7 Fault data collection scheme 

 

A. Training of ANN 

A module of ANN is trained for fault detection. The collected 

fault data are fed for training ANN with predefined targets 

such as for fault sample (Va, Vb, Vc, Ia, Ib, Ic) the target set 
is 1 else 0. The neural network will give output = 0 for no 

fault condition and it will give output = 1 for fault condition. 

The training parameters are shown in Table 3. 

Training Parameters 

Type of Neural Network Neural Network Fitting Tool 

Method Adopted for 

Training ANN 

Backpropagation 

Training Algorithm Levenberg- Marquardt 

Number of Inputs 6 (Va, Vb, Vc, Ia, Ib, Ic) 

Total Samples Used 16638 

Samples Used for Training 70 % (16646 samples) 

Samples Used for Validation 15 % (2496 samples) 

Samples Used for Testing 15 % (2496 samples) 

Number of Input neurons 6 

Number of Hidden neurons 20 

Number of Output neurons 1 

Table 3 Training Parameters 

As shown in fig. 8, the input layer neurons receive all the 6 

inputs and associate them with randomly generated weights. 

Input layer produces net sum of product of inputs and 

corresponding weights of each input layer neuron. The 

hidden layer neurons receive the net sum produced by input 

layer which is associated with hidden layer weights. The 

output of each hidden layer is passed through Tansigmoidal 

transfer function. Similarly, output layer neuron receives the 

output produced by hidden layer neurons. The output of 
output layer neuron is passed through Purelinear transfer 

function.  

 
Fig. 8 ANN fault detection module 

Fig. 9 shows the results of the training. Ideally, the Mean 

Squared Error (MSE) should have been 0. The Mean 

Squared Errors obtained after training are close to zero value. 

Regression values (R) shows how closely the outputs and 

targets are related. Regression R=1 shows close relationship 

between the output produced by ANN and the targets 

assigned. After training, the regression values obtained for 

different training stages (Training, Validation and Testing) 

are found to be close to 1.  

 
Fig. 9 Mean squared error & regression value 

 

B. Simulation Results 

For simulating different faults, the fault conditions such as 

location of fault occurrence, fault inception angle and fault 

resistance were different than those which had been used 

during training. One example of fault conditions taken into 
account during testing of ANN module of fault detection is 

as follow:  

Fault Inception Angle: 0; Fault Resistance Rf = 8 Ohm. 

The following figures show ANN output for no fault and 

different fault conditions.  

 

Fig. 10 Voltage & current waveforms for no fault condition 
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Fig. 11 ANN module output for no fault condition 

 
Fig. 12 Voltage & current waveforms LG fault 

 
Fig. 13 ANN module output for LG fault 

 
Fig. 14 Voltage & current waveforms for LLG fault 

 
Fig. 15 ANN module output for LLG fault 

 
Fig. 16 Voltage & current waveforms for LLLG Fault 

 
Fig. 17 ANN module output LLLG fault 

 

IV. CONCLUSION 

From the simulation results, it is observed that the ANN 

module for fault detection has identified any fault condition. 

It has been seen that the ANN module gives output 1 for 

some fault conditions and near to 1 for some fault conditions. 

The ANN module is not able to identify the No Fault 

condition accurately. During No Fault the ANN output 

should be 0. But from the simulation results it has been seen 
that the output given by ANN module is not zero but, it is 

between 0 to 0.5. 
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