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Abstract: The project is centered on the utilization of Artificial 

Neural Networks (ANNs) to detect faults in power systems. Feed-
forward neural networks have been employed and trained with 
back-propagation algorithms. To validate the proposed fault 
detection system, a single test system has been modelled in 
MATLAB/Simulink. The normal state of the model was initially 
observed; then, different types of faults were simulated on all lines 
of the model. The voltage and current magnitudes acquired from 
the fault simulation were used as inputs for the ANN. The output 
of the ANN should be able to provide information regarding the 
fault type if a fault occurs. 
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1. Introduction 
Power systems all over the world are experiencing huge and 

rapid expansion. An uninterrupted, reliable and stable supply of 
electric power is required by the end users sensitive to surges 
and outages. On the other side, the appearances of large 
generations and highly interconnected systems are making early 
fault detection and rapid equipment isolation the most 
important functions to maintain system stability. One of the 
factors that hinder the continuous supply of electricity and 
power is a fault in the power system.  

It is a necessity to have a protection system which can easily 
and quickly detect any abnormalities in the flow of power and 
identify the type of fault as soon as possible. Conventional 
algorithms based on deterministic computations and well-
defined models of power lines, are resulting in the late detection 
and inaccurate results. Such malfunctioning could lead to 
serious disturbance of power system stability. 

Artificial intelligence-based methods are being used in the 
process of fault detection and classification to accelerate fault 
detection and to improve performance of protection systems. 

Artificial Neural Networks (ANN) are computing systems 
inspired by the biological neural networks that constitute 
animal brains. An ANN is based on a collection of connected 
units or nodes called artificial neurons, which loosely model the 
neurons in a biological brain. 

Artificial neural networks can be used in Power Systems for 
fault detection and classification effectively as neural networks 
can easily learn to solve nonlinear problems. 

 

 
Fig. 1.  Feed forward neural network 

2. Literature Survey 
  There are many works presented by various researchers for 

the fault classification and detection of power transmission. 
They have employed various different methods for this work. 

"A FIRANN as a differential relay for three phase power 
transformer protection." in IEEE Transactions on Power 
Delivery, April 2001, by A. L. Orille-Fernandez, N. K. I. 
Ghonaim and J. A. Valencia: In this paper the authors have 
presented the finite impulse response (FIRANN) method to 
detect and classify the faults and they have used the impulse 
response of voltages and currents for detection and 
classification of faults, which limits its applications [1]. 

 “Transmission line fault distance and direction estimation 
using artificial neural network”, IJERT 2011, by A. Yadav and 
A. S. Thoke: In this paper, the authors have presented an 
accurate fault distance and direction estimation based on 
application of artificial neural networks for protection of doubly 
fed transmission lines. This proposed method is used by the 
voltage and current available at the only local end of line. This 
method is very adaptive and relearns itself according to the 
variation of fault location, fault inception angle and fault 
resistance [5]. 

 “Fault detection and classification in electrical power 
transmission systems using artificial neural networks.”, 
Springer Plus 4, 2015, by Jamil, M., Sharma, S.K. & Singh, R.: 
In this paper, the three phase voltages and currents of one end 
are taken as inputs in the proposed system. The back 
propagation algorithm of the feed forward neural network is 
employed for detection and classification of the fault for 
analysis of each of the three phases involved in the process [6]. 
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3. Proposed System 

A. Planning of the Project  
The aim of this project is to model a Three phase power 

system using MATLAB Simulink and develop a Neural 
Network which can detect and classify the faults in the system. 

To train the Neural Network model all types of faults are 
simulated on the Power system Model and certain values of the 
system are recorded. These values are then used as the input 
values for the training of the Neural Network Model. 

B. Working Principle 
A three-phase transmission system with one generator, one 

transformer and one load is modelled using Simulink. The 
required data for training of a Neural Network is obtained from 
the same three phase transmission system model. All types of 
faults are simulated on the model and the values of all line 
voltages and line currents i.e., Va, Vb, Vc and Ia, Ib, Ic are stored 
as the inputs to the Neural Network. For Fault detection, the 
output of the neural network is a simple 0 or 1 or a Yes or No 
corresponding to a fault detected or not detected. For fault 
Classification, the output of the neural network has to be an 
array containing 0 and 1 which differentiates between different 
types of faults. The output array contains 4 values either 0 or 1 
each corresponding to the absence or presence of fault on line 
A, B, C or G where A, B, C are the three lines on the system 
and G is the ground. 

 
Table 1 

ANN output for fault classification 
Type of Faults Phase A Phase B Phase C Ground 
No Fault 0 0 0 0 
AG 1 0 0 1 
BG 0 1 0 1 
CG 0 0 1 1 
AB 1 1 0 0 
AC 1 0 1 0 
BC 0 1 1 0 
ABG 1 1 0 1 
ACG 1 0 1 1 
BCG 0 1 1 1 
ABC 1 1 1 0 
ABCG 1 1 1 1 

4. Modelling and Simulation 

A. Modelling of the Three Phase System 
A simple 3 phase Power system model is designed in 

Simulink having a single Generator of 11kV, a transformer of 
ratio 11kV/415V, and a load of nominal phase to phase voltage 
as 415V and Nominal power 20KW. 

All the blocks used are available in the Simulink Library and 
are listed below: 

1. Three Phase Source 
2. Three Phase Transformer (Two Winding) 
3. Three Phase V-I Measurement 
4. Three Phase Series RLC Load 
5. Powergui 
6. Scopes 
7. Three Phase Fault Generator 

A fault generator is used to simulate all types of faults on the 

system to obtain the required data for training of the Neural 
Network. 

The values of all line voltages Va, Vb, Vc and all line currents 
Ia, Ib, Ic are noted for every type of fault. 

 

 
Fig. 2.  Three phase power system model with fault generator 

B. Simulation of Faults onto the Model 
All types of faults are implemented on the model one by one 

by using the Three phase Fault generator. First, the line values 
of the model without any fault are noted and then the line values 
with each fault individually. 

 

 
Fig. 3.  Three phase current without any faults 

 

 
Fig. 4.  Three phase current at Line-Line fault at 0.1sec 
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C. Measurement of Voltage and Current for Neural Network 
Training 

The Line voltages and line currents are recorded at the time 
when the fault is introduced. Two values for each fault are 
recorded at a sampling rate of Ts = 1x10-4 

The obtained Data set is given below: 
 

 

 
D. Developing Neural Network for Detection 

Using the Neural Network Toolbox in MATLAB, a required 
ANN model can be developed. The obtained data is divided into 
three parts - training data, validating data and testing data. 

The following is the snapshot of the developed ANN model. 
 

 
Fig. 6.  ANN model 

5. Results 
After the training of the neural network, the performance is 

checked by plotting the linear regression graph. This graph 
correlates the target to the output. R is the measure of how well 
the NN’s targets can track the variation in the outputs. 1 means 
there is complete correlation.  

Here we have achieved R = 0.98269 which shows a very 
good training.  

 
 

 
Fig. 7.  Regression graph of output vs. target 

 
From the training performance plot, it is clear that the mean 

squared error is very less which denotes a good performance of 
the neural network. A lower mean squared error denotes a better 
Network. 

MSE = 2.198 x 10-5 
 

 
Fig. 8.  Mean Squared Error performance 

 
The developed neural network is then implemented in the 

Three phase power system model as follows. 
 

 
Fig. 9.  Three phase power system model with Neural Network implemented 
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Here, a Line - ground fault on phase B is simulated to check 
the Neural Network Output. 

 

 
Fig. 10.  Line-Ground fault simulated on the model 

 
The expected result here is that the neural network detects 

that there has been a fault in the system. 
That is shown by the neural network giving output as 1. 
 

 
Fig. 11.  Neural Network output during fault 

6. Conclusion 
  From this project, we studied the application of Artificial 

Neural Network for the detection and Classification of faults on 
a Three phase Power system model. This is done by using the 
line Voltages and currents of the System model as the input to 
the neural network for training.  

This project has implemented the Neural network only on a 
single transmission system. Further, we can implement this on 
a larger scale with a larger data set. Artificial neural networks 
are a reliable and effective method for an electrical power 
system transmission line fault classification and detection 
especially in view of the increasing dynamic connectivity of the 
modern electrical power transmission systems. 
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