
IJEAR Vol. 4, IssuE spl-1, JAn - JunE 2014

w w w . i j e a r . o r g InternatIonal Journal of educatIon and applIed research  107

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

Discrimination of Faults and Their Location Identification 
on a High Voltage Transmission Lines Using the Discrete 

Wavelet Transform
1A.Dileep Kumar, 2S.Raghunath Sagar

1Dept. of EEE, Sir C. R. Reddy College of Engineering, Eluru, AP, India

Abstract
This paper presents a Discrete Wavelet Transform (DWT) baseda 
algorithm for  fault discrimination,   fault location and fault distance 
calculation on three-terminal transmission system.  The proposed 
algorithm presents a fault discrimination method based on the 
three-phase current and voltage waveforms measured when fault 
events occur in the power transmission-line network. The algorithm 
for fault classification employs wavelet multi resolution analysis 
(MRA) to overcome the difficulties associated with conventional 
voltage and current based measurements. The comparison among 
the  ratio’s of maximum & minimum values in first scale of detail 
coefficients of each terminal buses that can detect fault location. 
By utilizing traveling wave theory capturingthe travel time of the 
transients in the wavelet transform for calculating fault distance. 
The MATLAB/SIMULINK is used to simulate fault signals for 
multi terminal system. 
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I. Introduction
Nowadays, transmission lines are more complicated owing to 
increasingly demand of electric power. Generally, when fault 
occur on transmission lines, detecting fault is necessary for power 
transformer in order to clear fault before it increase the damage 
done to the power system.In addition, it is the important problem to 
seek out the location of fault on transmission lines quickly to repair 
and restorethe power system as fast as possible .In the past decades, 
the development of fault diagnosis for the power system has  
progressed with the applications of wavelet transform. However, 
the work rarely mention about the location of fault on multi-
terminal. Thus,nowadays several decision algorithms for locate 
of fault on multi-terminal have been proposed [1-3].but several  
algorithms have different solutions and technique. Therefore, 
this paper interest for the location of fault on the threeterminal 
transmission lines in order to identify the fault location.This paper 
aims to present an application of Wavelet transform based on 
traveling wave theory in order to locate the fault on three terminals 
transmission system .The simulations, analysis and diagnosis are 
performed using MATLAB/SIMULINK . The current waveforms 
obtained from  are extracted to several scales with the Wavelet 
transform, and the coefficients of the first scale from the Wavelet 
transformer that can detect fault are investigated. The comparison 
among the first two peak time in first scale of different faults that 
can  used as an input data for traveling wave equation later.

II. Wavelet Transform
A wavelet is a small –localized wave of a particular shape and a 
finite duration that has an average value of zero.wavelet transform 
is a mathematical technique used in signal analysis.wavelet 
transform is a tool that cuts up data or functionsor operators into 
different frequency components,and then studies each component 

with a resolution matched to its scale. The advantage of the  
transform is that the band of analysis can be fine adjusted so that 
high  frequency components and low frequency components are 
detected precisely.Results from the wavelet transform are shown 
on both the time domain and the frequency domain.The wavelet 
transform can expand signals in term of using shift in time as well 
as compression in time or dilation of a fixed wavelet function 
named as the mother wavelet.The wavelet transform ,which has 
change in analysis scaled by the factor of two ,is called Discrete 
Wavelet Transform (DWT) can be calculated by using equation

DWT(m,n)=   (1)

Where  is the mother wavelet. It should be 

mentioned that,Daubechies 4 is chosen asa a mother wavelet.
Wavelet transform of a sampled waveforms can be obtained by 
implementing the DWT.
Actual implementation of the DWT, involves successive pairs of 
high-pass and low-pass filters at each scaling state of the wavelet 
transform.The Daubechies-4 wavelet is chosen as the mother 
wavelet in all the transformations [11].

III. Fault Discrimination and Location Algorithm
In the simulation model, different types of faults are created at 
different distances. The current wave forms are shown in the 
figures. Let Sa, Sb, Sc be the summation of sixth level detail 
coefficients for current signals for a, b, c phases respectively. 
Tables 1 to 4 show the values of Sa, Sb, Sc for different types 
of faults. 
From these tables it is observed that the magnitudes of Sa, Sb, Sc 
increases whenever any fault occurs in a transmission line. Based 
on the sampling rate the signal is divided into 12 decomposition 
levels. Among different levels only 6th level is consider for 
analysis because the frequency corresponding to this level is 
covering 2nd and 3rd harmonics which are dominant in the fault 
conditions. Based on 6th level detail coefficients, an efficient 
algorithm proposed [1]. 
The transmission line faults in a power system are usually 
classified as L-G, L-L-G, L-L and L-L-L. Let Sa, Sb, Sc be the 
coefficients obtained from the summation of 6th level wavelet 
detail coefficients for currents in phases A,B, and C. When the 
algebraic sum of Sa, Sb, Sc is zero, then it can be either L-L-L or 
L-L. To differentiate these two, the summation of any two phases is 
zero, and remaining healthy coefficient is very small value in L-L 
fault. Algebraic sum is not equal to zero, then it be either L-G or 
L-L-G. If the absolute values of any two coefficients are equal and 
much smaller than absolute value of remaining coefficients, then 
it is L-G fault. If the absolute value of any two coefficients is not 
equal to zero and is always much higher than the absolute value 
of remaining coefficients, then it is a L-L-G. The results tabulated 
show the efficiency of the fault classification of algorithm using 
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db4 wavelet for different fault locations, fault resistances are 
verified.Therefore a 10th level wavelet output corresponds to a 
frequency band of 6.25-12.5 kHz. Down sampling by two at each 
succeeding level will lead to a 3rd level output corresponding to 
a frequency band of 97-195 Hz,i.e.
Absolute value of remaining coefficients, then it is a L-L-G. The 
results tabulated show the efficiency of the fault classification 
of algorithm using db4 wavelet for different fault locations was 
verified.

A. Formulation of the Problem for Fault Calculation
For determining the fault location, the time that the fault signal 
used to reach the ends of the transmission lines for each scale of 
the wavelet transform, is recorded. The travelling wave theory 
is, then, applied in order to calculate the distance as shown in 
equation (2). This calculation can be performed in all scales of 
the wavelet transform;

d =     (2)

where d= the fault location measured from  sending end 
tr=the time which the fault at the Receiving end is detected
ts=the time which the fault at the sending end is detected                                                          
v=velocity of the traveling wave

Fig. 1: Algorithm for Transmission Line Fault Discrimination

IV. Fault Cases Study and Results 
A 3 phase transmission line rated 400kV and length of line is 
300km has been considered for the case study. The circuit diagram 
for the transmission line fault analysis is shown in fig. 2.

Fig. 2: Sample Power System Network

The faults currents are generated using MATLAB shown in figures 
for fault condition of l-g,ll-g ,l-l ,l-l-l. More ever, the sampling 
time considered in the analysis is 80us, which correspond to a 
sampling frequency of 12.5 kHz.
Therefore a 10th level wavelet output corresponds to a frequency 
band of 6.25-12.5 kHz. Down sampling by two at each succeeding 
level will lead to a 3rd level output corresponding to a frequency band 
of 97-195 Hz,i.e. it includes 2nd and 3rd Harmonics components 
which are predominant in case of transmission line faults. The 
wavelet toolbox in MATLAB has been used for DWT operation. 
Different decomposition levels such as a3 (Approximation at level 
three); detail levels one, two, three, represented as d1, d2, d3, 
respectively can be extracted using wavelet toolbox. The tables 
give summations of wavelet coefficients of 3 rd values for current 
in phases a,b,c respectively for L-L-L fault for different fault 
inception angles and fault locations. Similarly we can tabulate 
for other type of fault also. For all other faults such as single 
line to ground (L-G), double line to ground (L-L-G), double line 
(L-L), and three phase symmetrical (L-L-L) faults also have been 
extensively investigated for about 1000 simulations with different 
values of fault impedance value and fault inception angles. 
Different types of power system faults are created using simulation 
model as shown at different faults.
Fault types are under consideration namely:-
1.Single phase to ground(SLG:AG,BG,CG)
2.Double line to ground(DLG:ABG,BCG,CAG)
3.Line to line(L-L:AB,BC,CA) and
4.Three phase fault(3-P:ABC)
Fault location at each transmission lines were 50,100,200,300

Fig. 3. Ia, Ib, Ic for LG Fault at 300km
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Fig. 4: Ia, Ib, Ic for LLG Fault at 300km.

Fig. 5: Ia, Ib, Ic for LLLGFault  at 300km

Fig. 6: Ia,Ib,Ic for LL Fault at 300km

In order to reduce the computational burden the sampling 
frequency should not be too high but it should be high enough to 
capture the information of fault. By randomly shifting the point 
of fault on transmission line, more number of simulations was 
being carried out. The generated current signal for each case 
is analyzed using wavelet transform. A sampling frequency of 
12.5 kHz is selected. Daubechies wavelet Db4 is used as mother 
wavelet since it has good performance results for power system 
fault analysis. Detail coefficients of fault current signal in 6th level 
(d6), gives the frequency components corresponding to second 
and third harmonics. On this basis, summation of 6th level detail 
coefficients of the three phase currents Ia, Ib and Ic are being 
used for the purpose of detection and classification of faults in 
the transmission line. 

Table 1: L-G Fault With Different Fault Distances the Values of 
Sa, Sb, Sc

50km 100km 200km 300km

Sa -5.1776 -3.0672 -1.6094 -1.1185

Sb 0.2835 0.0305 0.1530 0.0380

Sc -0.2029 -0.0509 0.1522 -0.0384

The summation of detail coefficients of all three phases sum is not 
equal to zero for L-G and L-L-G, which is used to discriminate 
L-G, L-L-G from L-L and L-L-L. Faulty phase summation value is 
very high compared to healthy phases. Healthy phase summation 
values are almost equal. 

Table 2: L-L-G Fault With Different Fault Distances the Values 
of Sa, Sb, Sc

50km 100km 200km 300km

Sa -4.7823 -2.8286 -0.6279 -1.0889

Sb -5.2863 -2.9146 -1.5291 -1.0480

Sc -0.1869 -0.0682 -0.0537 -0.0153

The summation of detail coefficients sum is not equal to zero and 
all three phases have different summation values (summation 
coefficients of any two phases is not equal), which is used to 
discriminate L-G from L-L-G. 

Table 3: L-L Fault With Different Fault Distances the Values of 
Sa, Sb, Sc

50km 100km 200km 300km

Sa 0.2372 0.0357 -0.0242 -0.0202

Sb -0.2662 -0.0501 0.0220 0.0252

Sc 0.0289 0.0143 0.0022 -0.0050

The summation coefficients in any two phases are equal and the 
third healthy phase value is very less compared to two faulty 
phases. 

Table 4: L-L-L Fault With Different Fault Distances the Values 
of Sa, Sb, Sc

50km 100km 200km 300km
Sa -11.0910 -7.0805 -4.1246 -2.9458
Sb -11.5950 -7.1665 -4.0777 -2.9050
Sc 22.6860 14.2470 8.2023 5.8508

The summation of detail coefficients of three phases sum is zero 
but all three phase summation values are different, in L-L fault 
two phases have a same value, which is used to discriminate L-L 
from L-L-L. 

V. Estimation of Approximate Location of Fault 
The above proposed algorithm is also used for estimating the 
approximate location of fault occurrence. For that we have to get 
the detail coefficients of local terminal of three phase currents at 
different locations, which are decomposed by using db-4 mother 
wavelet at single level decomposition. From that we have to get 
the maximum and minimum D1 coefficient values and then by 
observing the values of that we can tell that whether the fault has 
occurred before the TEE point or after the TEE point.
For ground fault at 150km of the line on phase-A, The detail 
coefficients of three phase currents of the local terminal by the 
single level decomposition are obtained and they are shown in 
the figs. 7-9.
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Fig. 7: LocalD1-coefficientsatSource-1ofPhase-A

Fig. 8: Local D1-coefficients at Source-2 Phase-A

Fig. 9: Local D1-coefficients at Source -3 of Phase-A

From the obtained values of D1 coefficients, the absolute values 
of maximum and minimum values are considered for future 
computation. After consideration of maximum and minimum D1 
coefficients at local and remote terminal, ratios (R) are calculated 
for maximum to minimum; those valuesare given below in the 
Table 5.

Table 5: Ratios of Absolute Values of Max and Min D1 
Coefficients
LOCATION SOURCE1 SOURCE2 SOURCE3
50KM 2.7986 0.3573 2.7683
100KM 2.7994 0.3572 2.7989
150KM 2.7986 0.3572 2.7994
200KM 2.7986 0.3572 2.7994

Observing the above values we can say that whether the fault 
occurred before Tee point or after Tee point. The value of ratio 

(R) of D1 coefficients with respect to Source 1 is compared with 
the ratio of other two sources. Thus illustrated by the below logic,  
If the ratio value(R) of source 1 is greater than the ratios of source 
2 and source 3 .
Then the fault location is nearer to Source 1, with in the Tee point 
and in the Leg 1.If the ratio value (R) of source 2 is greater than 
the ratios of source 1 and source 3 
Then the fault location is nearer to Source 2, away from Tee point 
and in the Leg 2.
If the ratio value (R) of source 3 is greater than the ratios of source 
1 and source 2 
Then the fault location is nearer to Source 3, away from Tee point 
and in the Leg 3.  If the ratio value(R) of the Three Sources are 
equal Then the fault location is at the Tee point.
By using the above logic we can estimate the fault location of 
faults with respect to Source 1 and Source 2.

VI. Results of the Two Bus System Considering Source 
1 and Source 3
Case 1: fault at 120km from source 1.
Consider a double-line to ground fault at 120km from source 
1.the( DWT) obtained for this case is shown in fig 10. In this 
figure two subplots(a1)&(d1) show the approximations and detail 
coefficients at scale 1.hence the fault distance will be calculated 
based on the  equation (2).
The fault location can be calculated using the time difference 
between two consecutive peaks of the dwt.

Fig. 10: Wavelet Transform(Scale1) for the Double –Line to 
Ground Fault at 120km From Source1

Calculation for the fault location are as follows:
L=200KM,V=289942.3KM/S,

d=200-[{289942.3*(53712-46874)*8* }/2] = 120.69km

ERROR(%)=

*100  
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                   =    

                   =    -0.34%

Table 6:.Result of Different Faults From Fault Location

FAULTS

TWO 
CONSECUTIVE       
  PEAK TMES CALCULATED

DISTANCE ERROR
T1 T2

LLLG 46874 53712 120.69KM -0.34%
LLG 46880 53700 120.91KM -0.45%
LG 46870 53900 118.47KM    +0.76%
LL 46875 53712 120.70KM -0.34%

VII. Conclusion
In this paper presents a Discrete Wavelet Transform (DWT)
based a algorithm for fault discrimination , fault location and 
fault distance calculation on three terminal transmission system. 
Algorithm used to classify the fault types and fault location have 
been proposed.
In addition a comparison of different types of faults is discussed 
in order to identify fault location with an application of wave 
theory.
The results have illustrated that the db4 mother wave produces 
results with a mean error of -0.34% as presented in table.
The accuracy of the proposed method for different types of faults 
is satisfactory not exceeding with a minimum error and maximum 
error
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