
  
 

 
 

1 SARATH M, Dr. REJI P 

 
 
 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4 Issue 6 

June 2017      

 

Abstract—Fault analysis is an important part in 

maintaining system reliability and protection. 

Especially transmission line faults have a major effect 

in disturbing the stable operation of power system. 

This paper presents a novel method to detect and 

classify all type of transmission line faults and the 

discrimination of faulty branch using the frequency 

domain analysis of Equivalent Voltage Phasor Angle. 

Phasor Measurement Units are used to get the phasor 

form of voltage of each bus in the system. Variation of 

Equivalent Voltage Phase Angle during normal and 

faulty condition is analysed using N point Discrete 

Fourier Transform. For different faults the frequency 

response is also different. This variation in the values 

of frequency coefficients is utilised for the 

implementation of proposed methodology. 

Keywords—Equivalent Voltage Phase Angle 

(EVPA), Synchronous Voltage Measurement, 

Phasor Measurement Unit(PMU), N Point Discrete 

Fourier Transform (N-DFT). 

                           I. INTRODUCTION 

In the field of fault analysis studies so many 

developments have been made over the years. Modern 

power networks (Smart Power Grids) are undergoing 

fast transformation demanding more precise and faster 

methods for fault detection and classification. 

Conventional fault analysis methods are mainly based 

on asynchronous measurement of voltage and currents 

[1]. Most of those methods were inefficient to detect the 

fault in short time and classify the type of fault. Thus 

the Importance of synchronous measurements in fault 

analysis is clearly understandable. 

This paper proposes a novel transmission line fault 

identification and classification methodology based on 

frequency domain analysis based on equivalent voltage  

 

estimated using PMU measurements [5]. Equivalent 

voltage phasors [6] are estimated using Park’s 

transformation of the measured three phase voltage. 

These phase angles are analysed through Fast Fourier 

Transform (FFT). Detection of transmission line faults 

and faulty branch discrimination can be accomplished 

from the spectrum obtained by the FFT analysis. And 

support vector machine (SVM) has been employed for 

classifying the fault.  

II. ESTIMATION OF PHASOR VALUES 

In this section sampling, selection of sampling 
windows and the application of N-DFT over the sampled 
signal to get the phasor value of the signal is discussed 
[7]. 

A. Selection of Sampling Windows 

Phasor estimation is the core part of the proposed 

methodology. Frequency analysis of equivalent phasor 

angle is used here for the fault analysis, lack of 

information of phasor values of voltage would be a 

serious problem in determining the dynamics of these 

angles. PMU’s are placed at different buses whose 

synchronous measurement of voltage is needed. N point 

DFT is used for the estimation of phasor values. The 

process of phasor estimation starts with the sampling of 

the signal. In Fig.1, different sample windows are 

shown. Usually PMU’s consider only 1 window in a 

cycle. That is if it takes window 1 the next taken 

window will be window N. Which means for 50Hz 

signal only 50 windows will be taken in 1 second. In 

order to get the complete dynamics of Equivalent 

Voltage Phase Angle (EVPA) all the windows in 

between window 1 and window N are required. So that 

a complete rotating phasor will be obtained and the 

computation of EVPA can be done at any time. 
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  Fig.1. Sample Windows for Phasor Estimation 

. 

B. Phasor Estimation Using N-DFT 

     DFT is a method for calculating the Fourier 
transform of a small number of samples taken from a 
signal. An input signal is sampled at discrete instants. 
This process can be related to multiplying a sampled 
data with a windowing function. Phasor representation 
of a sinusoidal signal using N-DFT is explained as 
follows [7].  

Consider a sinusoidal signal 

 

Its phasor representation will be 

 

Now consider the signal y(n) such that 

 

                            (1) 

Where  is an infinite duration discrete sinusoidal 
signal and  consisting of only one period of x(n) 
and it is finite. For any finite discrete signal N-point 
DFT can be defined 

 
From the above equation fundamental frequency 
component can be derived [8]. 

 
 Where 

 By the property of DFT digital signal frequency and 
the original analog signal frequency can be related as 

 

Where f is the analog signal frequency and fs is the 
sampling frequency. This will give the relationship 
between the values of k in frequency domain and its 
corresponding frequency component of the original 
signal.  

To do N-DFT, divide the entire frequency spectrum 
obtained after DFT by N samples. Span of frequency 
spectrum is From   so we can express the N-
DFT asto do N-DFT we divide the entire frequency 
spectrum. So the N-DFT can be expressed   

 

On Comparing equation (4) and equation (5), then 

 

In MATLAB sampling frequency fs=20 KHz, and the no 
of samples per cycle is chosen as N=400. So the digital 
frequency (K) and the corresponding analog frequency 
(f) can be obtained from equation (6) as 

K=1 Corresponds to f=50 Hz, K=2 Corresponds to 
f=100 Hz, K=3 Corresponds to f=150 Hz, K=0 
Corresponds to f=0 Hz and so on.  

Likewise we can find any frequency component present 
in the original signal 

Ⅲ. ESTIMATION OF EQUIVALENT 

VOLTAGE PHASE ANGLE 

 

Fig.2. Calculation of EVPA 
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The proposed methodology is completely based on 
the dynamics of equivalent voltage phasor angle 
(EVPA) [7], [8]. EVPA is the angle between equivalent 
three phase voltage phasor and the reference axis. The 
concept of this angle is shown in Fig.2. In order to find 
EVPA first find the phasor form of three phase voltages 
from the measurement. Next convert the phasor voltage 
form into d-q frame using Parks transformation. From 
Fig.2, EVPA ( ) can be defined as the angle between the 
resultant of  and , which is Vs, and . 

Mathematically these voltages can be expressed as 

     (7) 

 

                            (8) 

                                                                         

From Fig.2, ds and qs represent stationary frames 

where as  and   stands for autonomous rotating 

frames rotating in counter clockwise direction at 

nominal frequency of the grid. Equation for finding 

EVPA is given below 

 

In order to achieve the dynamics of EVPA N 

samples in each window have to be considered. 

During normal conditions the axes  and  rotate 

at nominal grid frequency, so EVPA will have a 

constant value. Whenever a fault occurs EVPA will 

undergo oscillations due to the presence of 

harmonic components. Frequency components 

present in the oscillations of EVPA ( ) are analysed 

using N point DFT as given below 

 

Ⅳ. FORMULATION OF PROPOSED 

METHODOLOGY 

Formulation of real time fault identification, faulty 
branch discrimination and fault classification 
methodology is described in this section. The schematic 
diagram of the proposed methodology is shown in Fig.3. 
Computation of EVPA starts with the phasor estimation 
of bus voltages. PMU’s are incorporated for this task. 
Once the phasor estimation is done it is converted into d-
q frame and determine the EVPA. During normal 
condition EVPA has a constant value since both Vd and 
Vq rotate at same speed corresponding to grid 
frequency. So FFT of EVPA will give a frequency 
spectrum consist of 0 Hz component only. But whenever 
a fault occurs due to the oscillation of EVPA different 
frequency components will be present. 

A.  Fault Detection 

One of the main advantages of this method is that any 
type of transmission line fault can be detected from a 
single generator bus voltage measurement. That is from 
the analysis of EVPA deviation of any generator bus 
fault occurred is confirmed. This is done be checking the 
presence of any frequency components other than 0 Hz 
component. If only 0 Hz component is present no fault 
occurred and if any other frequency component is found 
in the spectrum it can be confirmed that some fault is 
occurred at somewhere in the system. Since frequency 
component corresponding to 100 Hz is more 
predominant than other coefficients, for fault detection 
computation of 100 Hz component is enough. Equations 
to determine the 0 Hz(α) and 100 Hz(β) are  
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Where   0<K<N-1 

 

Fig. 3. Schematic Diagram  

B. Faulty Branch Identification 

After fault detection next step is to identify the branch 

where the fault happened. Faulty branch discrimination 

is done in two stages. First is to identify the parent bus 

and then analyze all the buses connected to the parent 

bus to discriminate faulty branch [11]. 

 1) Parent Bus Identification: Identification of 

parent bus requires phasor measurement of all the bus 

voltages in the system. This is achieved by placing 

PMU at all the buses [12]. Parent bus identification 

process involves the analysis of EVPA deviation of all 

the buses. The frequency spectrum of EVPA of all the 

buses will have different characteristics. Parent bus will 

be having the highest coefficient corresponds to 100Hz 

component in their spectrum. Not only 100 Hz but all 

other frequency components also. Find 100 Hz 

components of all the buses and identify the parent bus 

by taking the bus which is having the highest value 

[11], [13].  

Frequency coefficients correspond to 0,100,150,200 Hz 

in the frequency spectrum of EVPA for different fault 

are computed and tabulated along with the fault details 

in table 1. For LG fault 100 Hz coefficient of bus 6 has 

the highest value so it is taken as the parent bus. 

Similarly for LL an LLL fault, bus 7 is the parent bus. 

 2) Finding Faulty Branch: To identify the 

faulty branch FFT spectra of the buses connected to the 

parent bus are taken and from those buses, bus having 

highest coefficient for  

 100 Hz component is identified. This connected bus 

and the parent bus constitutes the faulty branch. In 

Table 1, for LG fault bus 9 is having the highest 100 Hz 

coefficient and thus it can be confirmed that branch 9-6 

is the faulty branch. In the same way for any fault at 

any time faulty branch can be identified. Table 1 shows 

the result obtained for LL and LLL fault. 

C. Fault classification  

There are so many artificial intelligence based 

classification methods are available now. Here Static 

Vector Machine (SVM) based classification scheme is 

used for fault classification. Its robustness and precise 

decision making capability compared to other methods 

makes SVM unique. All types of transmission line 

faults such as LL, LG, LLG and LLL can be classified 

by SVM. Value of the coefficient of a particular 

frequency component changes accordingly with the 

type of faults. So once the SVM is trained with 

sufficient number of sample data which includes the 

frequency coefficients, normalised voltage coefficient 

and type of fault it can precisely categorize the fault. 

Since the three phase voltage was converted into two 

phase (d-q) to estimate EVPA, by classification, 

information regarding the phases included in the fault 

can’t be identified. To overcome this issue voltage 

coefficients are normalised and these values will also be 

given to SVM classifier. Normalised values of voltages 

are obtained using FFT analysis. Normalised voltage 

coefficients are calculated as 
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Where ,   are the coefficients correspond to 

grid frequency in the FFT spectrum of the respective 

bus voltage Thus with these normalised voltages along 

with frequency spectrum of EVPA deviation constitute 

the input for SVM. 

 

V. SIMULATION RESULTS 

The proposed methodology has been tested on 
standard IEEE-9 bus system using MATLAB. In this 
section details of IEEE 9 bus system, EVPA variation of 
different buses during normal and faulty conditions, 
variation of 100 Hz component of a single generator bus 
during different fault cases and results obtained after the 
classification of faults using SVM are presented. 

 

 

A. Details of IEEE-9 Bus System 

Simulation circuit of IEEE- 9bus system is shown in the 
Fig.4. It is modeled in MATLAB using SIMULINK. 
Rating of transmission lines and generators are as 
follows. There are three generators with power ratings of 
247.5 MVA, 192 MVA and 128MVA and voltage rating 
of (Phase to phase) 16.5 kV, 18kV and 13.8 kV 
respectively. Transmission line rating is given as their 
positive, negative and zero sequence values of 
resistance, inductance and capacitance. Positive and 
negative sequence values of these are .0234 , .9510 mH 
and .0124  per phase per kM respectively. And the 

zero sequence values of the same are .3885 , 3.25 mH 

and .00845  per phase per kM respectively. Length of 

all transmission lines are taken as 120 kM. 

 

 

TableⅠ 

FFT coefficients of EVPA Deviations of each bus 

Fault 
Details 

 

Bus 

 

FFT Coefficients of EVPA 

    

 

 

 

 

LG fault in 
branch 9-6 

 

 

 

1 .9293 12.235 7.636 5.579 

2 .9394 7.6306 4.7068 3.431 

3 .9492 5.8691 3.6177 2.647 

4 .9289 14.6035 9.1233 6.67 

5 .9341 11.6701 7.2532 5.298 

6 .9233 21.0353 13.1754 9.61 

7 .9392 8.8539 5.4738 3.995 

8 .9422 7.6518 4.7218 3.449 

9 .9375 20.8704 13.0423 9.549 

 

 

 

 

 

LL fault in 
branch 7-8 

 

 

1 .9375 24.0345 13.3795 9.31 

2 .9375 34.2191 13.784 9.55 

3 .9375 29.4214 14.3041 9.857 

4 .9375 29.8687 13.1783 8.746 

5 .9375 35.3329 12.3279 7.80 

6 .9375 31.8674 21.7157 16.123 

7 .9375 41.1665 26.5864 19.709 

8 .9375 40.1462 25.9416 19.22 

9 .9375 33.5987 20.6749 15.32 

 

 

 

 

LLL fault 
in branch 

5-7 

1 .9375 34.642 14.9138 8.58 

2 .9375 49.4504 22.4737 13.685 

3 .9375 39.3476 17.7552 10.323 

4 .9375 45.5497 21.2289 12.647 

5 .9375 67.1581 33.841 21.92 

6 .9375 46.0255 22.0342 13.094 

7 .9375 68.6730 34.1152 22.293 

8 .9375 55.3608 27.4927 16.868 

9 .9375 45.7815 21.8361 12.968 
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Fig. 4. Simulation Diagram of 9 bus system 

 

B. Equivalent Voltage Phase Angle 

As discussed in the earlier section fault analysis have 

been done by studying the variation of EVPA during 

normal and faulty condition. This is shown in fig.5. 

EVPA of a generator bus is determined after estimating 

the phasor value of its voltage using parks 

transformation. A line to line fault at branch 6-9. In 

Fig.5 (a) EVPA is constant throughout. Which indicates 

that during normal condition there is no change in the 

angle. Whenever a fault is occurred EVPA of generator 

bus starts to oscillate. Here the fault is simulated during 

the time period from 16mS to 83mS, which corresponds 

to the samples from 320 to 1660 (since 400 samples are 

taken in a time period, which is 20mS). As shown in 

Fig.5 (b) in between the samples from 320 to 1660 the 

value EVPA has been changed. It is clear from the 

result that the variation of EVPA occurred only during 

the faulty period. Fig.5(c) and 5(d) shows the 100 Hz 

component of EVPA of the same generator bus during 

normal and faulty conditions. In all the simulation of 

EVPA variation and its frequency analysis, the samples 

in 1sec are taken i.e.20000 samples. Which is necessary 

for fault detection, faulty branch identification and fault 

classification. 

C. Fault Detection and Faulty Branch Identification 

Fault detection and faulty branch identification is tested 

on IEEE standard 9 bus system. This is done by 

frequency analysis of EVPA variation. Fault is detected 

by the presence of 100 Hz component of EVPA of a 

single generator bus and faulty branch is identified by 

100 Hz component of the parent bus and it’s connected 

buses. Fault is confirmed by the presence of 100 Hz 

component in the graph. In Fig.5(c) 100 Hz component 

of EVPA during normal condition is shown and in Fig.5 

(d) 100 Hz component of EVPA during fault is shown. 

Both these are of the same generator bus. That is the 

main advantage of this method. If there is any value for 

100 Hz component is identified a fault occurred at 

somewhere can be confirmed. Now to find out the 

branch where the fault is occurred frequency analysis of 

EVPA of all the buses have to be done. That is, again, 

100 Hz component of all the buses are calculated. This 

is shown in Fig.7. A LLL fault is simulated at branch 4-

5 and plotted the variation of 100 Hz component 6 

different buses (Frequency analysis of all the 9 buses 

have to be found out. Here 6 buses are only shown for 

the sake of explanation). From Fig.7 it can be found that 

bus 5 is the parent bus, since it’s having highest 

magnitude for 100 Hz component. Now from Fig.4 the 

connected buses of bus 5 is identified. Those are bus 4 

and bus 7. Among these two buses bus 7 has the highest 

component for 100 Hz. Thus faulty branch can be 

confirmed as 5-7. 

C. Fault Classification 

Type of fault and the frequency spectrum of EVPA has 

a certain relationship. As the fault changes the shape of 

the spectrum will also change. Fig.6 shows the variation 

of 100 Hz component of a single generator bus during 

different fault cases. From the figure it is obvious that 

EVPA deviation of a single generator bus is different 

for different type of fault and the distances at which the 

fault occurred. This relation is utilized for the fault 

classification. A set of 600 samples with each sample 

containing the information of normlised voltage 

coefficients along with the value of 100 Hz component 
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of EVPA of single generator bus is given to the SVM 

classifier. SVM in MATLAB has been used for this 

purpose. The result of fault classification is given in 

Table 2. 

Table Ⅱ                                                                               

Fault classified by SVM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fault 

Type 

Fault Details     Fault 

Classif

ied by 

SVM 

ABC Branch 6-9, 20km 

from bus6 

21.55 1 .6971 .000

06 

ABC 

AG Branch 7-8, 25km 

from bus7 

13.46 1 .0695 .108

1 

AG 

BG Branch 8-9, 75km 

from bus8 

7.44 .0906 1 .064

1 

BG 

CG Branch 5-7, 50km 

from bus5 

10.90 .0546 .0801 1 CG 

ACG Branch 4-6, 60km 

from bus4 

20.20 .9526 .0452 1 ACG 

ABG Branch 4-5, 90km 

from bus4 

28.71 1 .8830 .035

3 

ABG 

BCG Branch 7-8, 35km 

from bus7 

21.93 .0925 1 .785 BCG 

AB Branch 4-5, 

100km from bus4 

22.05 1 .77 .005 AB 

BC Branch 4-6, 60km 

from bus4 

31.44 .0000

6 

1 .738

7 

BC 

AC Branch 5-7, 50km 

from bus5 

15.87 .805 .004 1 AC 
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                                                 (a) 

 

 

                                                         (c) 

 

Fig. 5. EVPA Variation: (a)Normal condition; 
(b)During fault (LL fault at branch 6-9); 100 Hz 
component of EVPA variation during (c)normal 
condition; (d) Fault at 6-9 
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                       (d) 

 

 

 

 

 

 

 



  
 

 
 

9 SARATH M, Dr. REJI P 

 
 
 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4 Issue 6 

June 2017      

                                                  (a) 

                                                  (c) 

          

Fig 6. Variation of 100 Hz component of a single 

generator bus during different fault cases: (a)LG fault 

at 20 km from bus 7 (b) LL fault at 40 km from bus8 (c) 

LLL fault at 60 km from bus5 (d) LLG fault at 80 km 

from bus6 

 

                                                  (b) 

                                                  (d) 
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                                  (a) 

 

                                  (c) 

 

                                  (e) 

 

Fig. 7. 100 Hz Component of EVPA deviation of 

different buses during LLL fault in the time interval 

correspond to samples from 16000 to 18000: (a)Bus4; 

(b)Bus 5; (c)Bus 6; (d)Bus 7; (e)Bus 8; (f)Bus 9 

  

                                (b) 

 

                                  (d) 

 

                                  (f) 
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VI. CONCLUSION 

This paper presented a novel approach for identifying 

and Classifying all type of transmission line faults using 

frequency analysis of equivalent voltage phasor angle 

with the phasor estimation of voltages of all the buses in 

the power system. Identifying of fault and its 

classification can be done by the analysis of a single 

generator bus voltage measurement. But for the 

identification of faulty branch, voltage measurement of 

all the buses is necessary. Proposed methodology is 

tested and validated on IEEE standard 9 bus system in 

MATLAB. 

Fault identification is done by detecting the presence of 

100 Hz component of EVPA deviation of a single 

generator bus, faulty branch is identified by finding the 

parent bus and the connected bus which are having the 

highest value for 100 Hz component. N-point DFT is 

used for finding the frequency spectrum of EVPA and 

thus the 100 Hz component. Final stage is the 

classification of fault and SVM in MATLAB 

environment is utilised for that. Input of the SVM is the 

100 Hz component of EVPA deviation and the 

normalised voltage coefficients. Faults such as LL, LG, 

LLG, LLL could be classified by SVM. Fast and 

precise identification and classification make this 

method more reliable compare to the existing fault 

analysis schemes. 
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