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ABSTRACT 

Power systems are the most complex systems and have great importance in 

modern life. They have direct impacts on the modernization, economic, political 

and social aspects.  In this paper, a neuro-fuzzy approach fault location 

estimation which uses data from both ends of overhead transmission line is 

described. A 264km, 132kV, 50HZ power transmission line model is developed 

and different faults classification and locations simulated in 

MATLAB/SIMULINK, and then certain selected features of the wavelet 

transformed signals is used as inputs for training and development of the 

Adaptive Neuro-Fuzzy Inference System (ANFIS). The accuracy of the ANFIS 

for faults detection and classification for the Hybrid Method is 93.8%. For fault 

location accuracy percentages for Line to Ground, Line to Line, Line to Line to 

Ground, Line to Line to line, and Line to Line to line Ground faults are: 97.52%, 

97.96%, 97.54%, 97.7% and 95.36% respectively. 

 

Keyword Transmission Line, Fault Detection, Fault Classification, Fault 

Location, Power System, Adaptive neuro Fuzzy Inference. 

 

INTRODUCTION 

As such, growth of the economy as well as increases in purchasing power and 

quality of life must be accompanied by improvements in the power system, with 

the objective being compliance with current and future situations. The 
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transportation of electric energy is carried out by means of transmission lines 

(TL) which, because they span long distances and are present in great quantity, 

make the electric power system (EPS) more susceptible to perturbations which 

are caused mainly by natural phenomena, in particular atmospheric discharges 

[1]. These Transmission lines are generally exposed to several types of faults 

which are usually caused by random and unpredictable events such as lighting, 

short circuits, overloading, equipment failure, aging, animal/tree contact with 

the line, human intended or unintended actions, lack of maintenance etc. To 

restore service after permanent fault, an accurate location of the fault is highly 

desirable to help the maintenance crew find and repair the faulted line section 

as soon as possible. 

 

LITERATURE REVIEW 

A study by [2] presented the algorithm for HIF detection based on the amplitude 

of third and fifth harmonics of current, voltage and power. This paper proposed 

an intelligent algorithm using the Takagi Sugeno Kang (TSK) fuzzy modeling 

approach based on subtractive clustering to detect the high impedance fault.  

 [3] The ability to learn, generalize and parallel processing, pattern classifiers 

are powerful applications of machine learning used as an intelligent means for 

detection. This research paper focuses on detecting, classifying and locating 

faults on electric power transmission lines. Fault detection and fault 

classification have been achieved by using support vector machines.  

[4] the researcher deals with the application of artificial neural networks 

(ANNs) to the fault detection and classification in high voltage transmission 

lines for high speed protection which can be used in digital power system 

protection. The three phase currents of one end are taken as inputs in the 

proposed scheme. Simulation results confirm that the proposed method can 

efficiently be used for accurate fault classification on the transmission line. 

 In [5] Obi et al., (2017) the researcher has developed an extended Artificial 

Neural Networks (ANN) based high speed accurate transmission line fault 

location for double phase to- earth fault on non-direct-ground. He presents a 

system that capable of detecting and locating the fault with less proportion of 

error. This system uses the Global Positioning System (GPS) to locate the 

position and the Global System for Mobile Communication (GSM) to send 

these messages to system supervisor.  
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[6] Akanksha et al.., (2018) present an approach supported by discrete wavelet 

transform and rule-based decision tree for the detection and classification of the 

various types of the power system faults. Fault location on overhead power 

transmission lines remains a subject of great interest and has been intensively 

studied over the years. The issue of fault detection and classification in the 

utility system network has also become important due to the integration of 

renewable energy sources in the recent years.  

It is established that the proposed approach effectively detects and classify the 

power system faults.  

[7] Mamta et al., (2012) In this paper discrete wavelet transform of voltage 

signals at the two ends of the transmission lines have been analyzed. Transient 

energies of detail information for two consecutive data windows at fault are 

used for analysis. Four-layer feed forward back propagation neural networks 

are designed to classify and locate the fault at different single line to ground 

fault conditions. 

[8] Abdel-Aziz et al. (2016), Detection and Classification of One Conductor 

Open Faults in Parallel Transmission Line using Artificial Neural Network This 

paper presents an artificial neural network-based protection scheme for 

detection and classification of one conductor open faults in parallel transmission 

line. A 220kV double circuit transmission line of 100km length has been 

simulated using MATLAB® software and its associated Simulink® and Sim 

power system® toolboxes. The fundamental components of current signals 

measured at relay location are used as input to train the artificial neural network. 

between measured signals by identifying different patterns of the associated 

signals. 

 [9] Majid Jamil et al. (2015) proposes a very simple method for fault sorting of 

three-phase transmission line, which is based upon the wavelet transform and 

Genetic Algorithm. Three phase currents of only one end are measured and 

features are extracted using discrete wavelet transform. These features are then 

used as inputs to the genetic algorithm. The training data set for genetic 

algorithm is obtained by simulating the ten different types of faults using 

various values of fault inception angles and fault resistances, so that the accurate 

results can be obtained.  



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

18 

Vol. 22 No.5 

September, 2021. 

 [10] Y. Srinivasa Rao et al. (2019) A new algorithm for the classification of 

faults in multi-terminal transmission network using wavelet morphology. in 

present paper has been analyzed 2 dimensional analyses. Faulty conditions of 

an interconnected power system network (IEEE-9 Bus) are captured and 

sampled for a specific interval of time, and which are analyzed by 

waveletorphology to discriminate the faults at each terminal of the transmission 

line. This paper presents an innovative approach for the detection of fault, based 

on Morphological wavelet transform and Daubechie  

[11] Dhanashri et al., (2016) the paper introduces a Protective relay and fault 

recorder systems, based on fundamental power frequency signals, are installed 

to isolate and the faulty line and provide the fault position. However, the error 

is high especially in transmission lines. The transmission system id to deliver 

bulk power from power stations to load centers and large industrial consumers 

beyond the economical service range of the regular primary distribution lines. 

The transmission lines are very prone and sensitive to all the parameters. 

[12] A. Y. Hatata  et al., (2016) Here  It uses the current and voltage measured 

from both terminal of the transmission line in the hybrid system. They are 

processed by the ANN to detect, classify and locate the faults. The data of 

voltage and current of that system has been handled by using a multi-layer feed 

forward neural network algorithm (MFFNN). The proposed scheme and the 

hybrid system are simulated using the Matlab program. 

[13] Manish et al., (2016) This paper presents a literature review of transmission 

line faults detection. The transmission line has two finite ends. The one of this 

line goes into a socket of the source that is commonly termed as the Input End 

or the Generator End. These are also called as the Transmitter End, Sending 

End or the Source. The other end of the transmission line is connected to the 

antenna and is referred as the Output End or the Receiving End. It generates 

related queries regarding improvements in the study already done and allows 

unsolved problems to emerge and thus clearly define all boundaries regarding 

the development of the research project.  

 

METHODOLOGY 

A. Problem Formulation 

According to [4], the phasors of an unbalanced three phase system are 

expressed in-terms of their symmetrical components as shown in the 

equations below.   
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 𝐴 =  𝐴1 + 𝐴2 + 𝐴0                                (1) 

 𝐵 =  𝐵1 + 𝐵2 + 𝐵0                                    (2) 

Then the phasors of the symmetrical system in-terms of phase A symmetrical 

component are:  

𝐴 =  𝐴1 + 𝐴2 + 𝐴0                                  (3) 

𝐵 =  𝑎2𝐴1 + 𝑎𝐴2 + 𝐴0                            (4) 

𝐶 =  𝑎𝐴1 + 𝑎2𝐴2 + 𝐴0                            (5) 

In matrix form, 

[
𝐴
𝐵
𝐶

] =  [
1 1 1
1 𝑎2 𝑎
1 𝑎 𝑎2

] [
𝐴0

𝐴0

𝐴0

]                       (6) 

Thus,                                             

[

𝐴0

𝐴1

𝐴2

] =  
1

3
[
1 1 1
1 𝑎 𝑎2

1 𝑎2 𝑎
] [

𝐴
𝐵
𝐶

]                     (7) 

However, these symmetrical component values of currents and voltages are the 

solution to the unsymmetrical fault problems on the transmission line. 

Thus: 

[

𝐼𝑎

𝐼𝑏

𝐼𝑐

] =  [
1 1 1
1 𝑎2 𝑎
1 𝑎 𝑎2

] [

𝐼𝑎𝑜

𝐼𝑎1

𝐼𝑎2

]                     (8) 

 [

𝐼𝑎𝑜

𝐼𝑎1

𝐼𝑎2

] =  
1

3
[
1 1 1
1 𝑎 𝑎2

1 𝑎2 𝑎
] [

𝐼𝑎

𝐼𝑏

𝐼𝑐

]                  (9) 

 [

𝑉𝑎

𝑉𝑏

𝑉𝑐

] =  [
1 1 1
1 𝑎2 𝑎
1 𝑎 𝑎2

] [

𝑉𝑎𝑜

𝑉𝑎1

𝑉𝑎2

]                   (10) 

 [

𝑉𝑎𝑜

𝑉𝑎1

𝑉𝑎2

] =  
1

3
[
1 1 1
1 𝑎 𝑎2

1 𝑎2 𝑎
] [

𝑉𝑎0

𝑉𝑏0

𝑉𝑐0

]                (11) 

 
The flow chart is as shown in Figure 1. 
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The flow chart is as shown in Figure 1 
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Figure 12:  Flowchart ANFIS Algorithm 

B. Power Transmission Line System Model 

For each experiment, the parameters of the lines were setup. The total length of 

the line of the experiment was considered. taken every Each 50km of the lines 
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total length was taken. The voltage and current amplitudes of each fault type 

were used to detect and classify the fault type and location. Matlab software 

was used to create faults via Simulink fault breaker block (Patrick Ebouleet 

al.2018).  

After these parameters were set, 3 phase line voltages Va, Vb, Vc and phase line 

currents Ia, Ib, Ic will generate for each fault type. Data is used to train test and 

validate the model. 

 
Figure 1: Power system model simulated in MATLAB Simulink software 

 

SIMULATION RESULTS AND DISCUSSION 

A. Fault Detection 

ANFIS Input membership function for Fault Detection 

Table  shows the the perfomances of the tested membership functions. The root 

mean square error (RMSE) performance of the tested membership functions is 

shown. Trimf, Trapmf, Gbell, Gaussmf, Dsgimf were tested and the result 

obtained is 17.5, 19.2, 15.5, 3.3 and 9.6 respectively.. From the results it can be 

seen that the Gaussian membership function had the best performance because 

it had the lowest misclassification. 

 

Choice of ANFIS training algorithm Fault Detection 

The model performance with different training algorithms and for same 

membership function and constant model parameters was experimented, 

documented and presented in Table 1. Two different training algorithms were 

used to train the ANFIS network. Backpropagation and hybrid training methods 
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were used.Back propagation had a misclassification percentage of 3.6 while 

Hybrid method obtained 2.4.  

Table 1: Performance of  Membership Functions for Fault Detection 

S/No Input membership Function Percentage Misclassification 

1 Trimf 17.5 

2 Trapmf 19.2 

3 Gbell 15.5 

4 Gaussmf 3.3 

5 Dsigmf 9.6 

 

Table 2:  Performance of Training Algorithms for Fault Detection 

 Algorithm Percentage Misclassification 

 Back Propagation 3.6 

 Hybrid Method 2.4 

 

Running the ANFIS model with Gaussian membership function and Hybrid 

Algorithm we obtained a misclassification of 0 for fault detection. The 

confusion plot for ANFIS fault detection is presented in Figure 2. It’s seen that 

there is zero misclassification for both output classes.  

 

Figure 2: Confusion Plot for Fault Detection 
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B. Fault Classification 

i. ANFIS Input membership function for Fault Classification 

5 shows the the perfomances of the tested membership functions for fault 

classification. The performance of the selected membership functions 

were evaluated using percentage misclassification. The percentage 

misclassifications for Trimf, Trapmf, Gbell, Gaussmf, Dsgimf is 11.45, 

5.2.64, 5.335, 5.322, 6.326 respectively. From the results it can be seen 

that the gaussmf had the lowest misclassification and therefore the best 

performance.  

 

Choice of ANFIS training algorithm Fault Classification  

Table 3 shows the performance of the tested training algorithms used to train 

the ANFIS network for fault classification. The percentage misclassification for 

backpropagation and hybrid methods is 5.294 and 5.274 respectively.  

 

Table 3: Performance of  Membership Functions for Fault Classification 

S/No Input membership Function Performance (rms) 

1 Trimf 11.45 

2 Trapmf 5.264 

3 Gbell 5.335 

4 Gaussmf 5.322 

5 Dsigmf 6.326 

 

Table 4: Performance of Training Algorithm for Fault Classfication 

Training Algorithm Percentage Misclassification 

Back Propagation 5.294 

Hybrid Method 5.274 

The confusion plot 

obtained based on 

Gaussian membership 

function and Hybrid 

training algorithm is 

shown in figure 3.  

 

 

Figure 3: Confusion Plot 

for Fault Classification  
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Fault Location 

The results presented in this section, are to introduce the location of fault based 

on the signals obtained from the transmission line. 

 

ANFIS Input membership function for Fault Location 

Five membership function were tested for the ANFIS fault location. The results 

obtained and presented in Table 5 show that the membership functions Trimf, 

Trapmf, Gbell, Gaussmf, and Dsigmf obtained an RMSE of 7.45, 5.264, 4.335, 

3.32 and 6.326 respectively. Gaussmf had the lowest RMSE of 3.32 and 

therefore the best result.   

Table 5: Performance of Membership function for ANFIS Fault Location 

S/No Input membership Function Performance (RMSE) 

1 Trimf 7.45 

2 Trapmf 5.26 

3 Gbell 4.33 

4 Gaussmf 3.32 

5 Dsigmf 6.32 

 

Choice of ANFIS training algorithm Fault Location  

Table 6 shows the performance of the tested training algorithms used to train 

the ANFIS Network for fault Location. Result obtained show Back propagation 

and Hybrid training algorithms had an RMSE of 11.1 and 9.4 respectively while 

for MAPE they both obtained 8.9 and 6.4 respectively. It seen that in both for 

both RMSER and MAPE hybrid algorithm had the best results. 

Table 6: Performance of Training Algorithm for Fault Classfication 

Training Algorithm MAPE RMSE 

Back Propagation 8.9 11.1 

Hybrid Method 6.4 9.4 

 

Table 7: ANFIS Fault Location Percentage Error for Training Validation and 

Testing Data 

Data RMSE 

Training 3.77 

Validation 3.81 

Testing 3.96 
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Figure 4: Plot of Percentage Error of Fault Location for Line to Ground 

Fault (LG) 

 

 
Figure 5: Plot of Percentage Error of Fault Location for Line to Line to 

Ground Fault (LL) 
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Figure 6: Plot Percentage Error of Fault Location for Line to Line to Ground 

Fault (LLG) 

 

Figure 7: Percentage Error of Fault Location for Line to Line to 

Ground Fault (LLL) 
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Figure 8: Plot of Percentage Error of Fault Location for Line to Line to 

Ground Fault (LLLG) 

 

Table 11: Performance of ANFIS for Different Fault Types 

Fault Type MAPE RMSE 

Line to Ground 2.48 4.51 

Line to Line 2.04 3.47 

Line to Line to Ground 2.46 4.65 

Line to Line to line 2.30 4.45 

Line to Line to line Ground 4.64 7.95 

 

CONCLUSION 

This work presents the modelling and simulation of Nigerien 132kV 

Transmission Line network using MATLAB/SIMULINK. The transmission 

line faults model has been developed and applied and successfully applied to 

various faults. The extracted information about the signal was used to develop 

an Adaptive Neuro-Fuzzy Inference System (ANFIS) which was later used to 

identify the fault. Performance of Adaptive-Neuro Fuzzy Inference System in 

faults detection, classification and location was assessed and results were 

obtained. It can raise the safe operation and economic performance of the power 
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transmission. Consequently, the result of fault diagnosis can be used for power 

transmission system. 
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