Manuscript

Click here to view linked References 2

Fault Location on Transmission Lines Based on
Travelling Waves Using Correlation and MODWT

V. Gonzalez-Sanchez, V. Torres-Garcia, and D. Guillen

Abstract—This paper presents a protection scheme for alter-
nating current transmission lines based on the traveling wave
propagation. The analyzed protection scheme uses measurements
in only one terminal by using the distributed parameter theory.
The method analyzes the fault location using the correlation
between two traveling waves, backward and forward waves.
Results demonstrate that the correlation method can accurately
estimate the fault distance, and this is carried out by using the
first two wavefronts of the arrived signals at the measurement
terminal. The algorithm is validated through the IEEE 9-bus
test system, considering different faults simulated in the software
ATP-EMTP. The studied method’s effectiveness is assessed and
compared with the MODWT, showing both techniques good
results for the fault location process.

Index Terms—TFault Location, Transmission Lines, Traveling
Waves, Correlation, MODWT, Transients.

I. INTRODUCTION

LECTRIC power systems must guarantee a continuous

power supply and must be reliably and safely during
the most operating conditions to avoid large blackouts. This
fact demands advanced protection systems to interrupt the
fault currents, allowing faster disconnection of the damaged
equipment. Due to the generated energy travels from long
distances using overhead transmission lines, which are exposed
to different transient phenomena such as lightning, short
circuits, overloads, and aging. Therefore, if a fault occurs on
any transmission line, its location must be estimated to carry
out the restoration actions to recover its normal operation [1].
The restoration time may be accelerated if the fault location
is accurately estimated. On the contrary, faults can propagate
to other power equipment, resulting in high economic losses
for the utilities and customers [2].

Among the fault location methods, the most used are those
based on impedance because they are economical and easy to
implement [3]. These algorithms use the estimated apparent
impedance, but they may be affected by high-frequency tran-
sients. Currently, with the development of modern computer
processors, new algorithms have been implemented to reduce
the clearing time of faults by considering high-frequency com-
ponents into their operation. The accuracy and speed obtained
with the traveling wave-based methods are higher than those
based-impedance methods. In addition, traveling wave-based
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methods can be practically used in any transmission line,
including transmission lines with series compensation, parallel
transmission lines, and even on DC transmission lines with
quite similar precision and speed; therefore, the utilization is
justified [4].

Traveling waves are high-frequency electromagnetic pulses
propagating in both directions on a transmission line from the
fault point. Each transmission line has a different propagation
speed according to its physical characteristics. If there is a
fault, the wavefronts are defined by the signal’s arrival time
at each transmission line terminal [5]. Therefore, the fault
location is carried out by considering the total line length and
the wavefronts. To this purpose, transient signals are processed
to determine when a fault occurs.

Several algorithms have been developed to process transient
signals. Some techniques use the first wavefront arrival time
that reaches each terminal. Other techniques use the frequency
components at only one end of the line, which is based on the
fact that each end of the line presents a large discontinuity to
generate traveling waves that reach both ends of the line [6];
those waves will be reflected and refracted in the faulted line.

A large number of techniques have been studied to identify
traveling waves. For example, the wavelet transform (WT) has
been widely used to analyze traveling waves in transmission
lines. In [7], a combination of single-ended and double-ended
techniques to determine the fault location is presented.

A fault location method for single-phase-to-ground faults
based on the traveling wave’s time-frequency characteristics
is proposed in [8]. This method analyzes the first arrival
time of the traveling wave by using wavelet analysis, and the
matrix pencil algorithm is applied to obtain the velocity of
the incident wave. The fault distance is calculated using the
difference of the wave’s speed. In [9], a comparison between
different fault location algorithms is presented, a wavelet-
based fault location algorithm is introduced, which claims to
be more accurate than time-domain and impedance methods.

Some techniques also use functions to correlate two sections
of a signal to identify the reflected traveling waves from the
fault point. In [10], an ultra-high-speed relay based on the
correlation of incremental quantities is proposed. A corre-
lation method of the traveling waves generated by faults in
distribution lines is proposed in [11]. A correlation between
theoretical frequencies and characteristic frequencies inferred
from the transient spectrum is carried out. In [12], a fault
location algorithm using the time differences of the arrival
times of traveling waves is presented, and an objective function
is used to estimate the fault distance. A single-ended fault
location method is presented in [13]; that proposal determines
the fault location using a correlation process where a reference
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is compared against transient signals caused by faults.

There are several challenges in implementing algorithms
that use traveling waves to locate faults in transmission lines.
For example, the time of synchronization in two-terminal
methods is studied by other researchers. In [14], a traveling
wave method to locate faults in a multi-terminal transmission
line is presented, where a measurement device senses the cur-
rent at the midpoint of each branch, which uses time synchro-
nization for the measurements. A two-terminal traveling wave
method to locate faults in a transmission line is proposed in
[15]; this algorithm does not require data synchronization. An
improved single-end traveling wave method for fault location
on transmission lines connected to short lines is presented
in [16]. The algorithm requires three fault recorders to be
installed on the line. Besides, [17] summarizes some issues
associated with traveling wave-based methods of one terminal.

In this paper, a traveling wave-based fault location method
using the correlation technique is presented to locate faults
in alternating current (AC) transmission lines; this proposal
uses measurements at one terminal of the line, avoiding
the persistent problem of synchronization. The fault distance
estimation is carried out using a correlation method, and this
is compared with the modified discrete wavelet transform
(MODWT) technique.

The main contribution of the paper is the analysis and imple-
mentation of the correlation-based traveling wave method. The
performance of the discussed method is also compared simi-
larly with the MODWT method. In addition, its effectiveness
is tested against different fault types, fault resistances, signals
with noise, and the sampling frequency is also evaluated.
The results show that both analyzed methods present good
performance, but the main limitation of the correlation-based
traveling wave method is that it is susceptible to high noise
levels, and its effectiveness is only guaranteed to noise levels
greater than 50 decibels (dB).

II. TRANSMISSION LINE OF DISTRIBUTED PARAMETERS

A transmission lossless line model is utilized by conve-
nience to study traveling wave propagation during faults .
For example, Fig. 1 presents a lossless transmission line
consisting of two wires of length [. At the sending node,
there is a single-phase equivalent with an impedance Zg(s),
and a load impedance Zp(s) is taken into account at the
receiving node. The characteristic impedance Zo associated
with the transmission line parameters must be known to
analyze the traveling waves on transmission lines. Based on
the last assumptions, and analyzing the circuit shown in Fig. 1,
let consider that the switch sw closes; therefore, the traveling
wave starts propagating along the line, and its behavior will
depend on the connected load, especially when there is a short
circuit or an open circuit in the transmission line.

By using Fig. 1 and bearing in mind Kirchhoff’s laws, the
equations that describe the voltage profiles along the lossless
transmission line (per length unit ), and the currents per each
section of the distributed parameters are [18]-[20]:

Uy (x,t) = —Liy (z,1) (1)
iz (x,t) = —Cuy (2, 1) (2)
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Fig. 1. Transmission line model of distributed parameters with no losses
using the Laplace domain.

where u,(x,t) and i,(x,t) are the partial derivatives with
respect to x for voltages and currents, respectively. u;(z,t)
and i:(x,t) represent the partial derivatives of voltage and
current with respect to ¢, respectively. L and C' define the
transmission line’s characteristic impedance, and both repre-
sent its inductance and capacitance.

Equations (1) and (2) can be expressed in terms of the
propagation speed v of the voltage wave traveling along the
transmission line. Therefore, the reduced expression for the
traveling wave of voltage is,

gy (2,1) — vy (2,8) =0 3)

The solution for (3) can be determined assuming the initial
conditions, equal to zero, and this leads to finding the general
solution in Laplace domain [18]:

u(z,s) =V (s)e” v + VT (s)e™ 4)

where V'~ represents the voltage traveling wave in the forward
direction and V't the voltage traveling wave in the backward
direction.

On the other hand, when the initial conditions are different
from zero, the general solution of (3) can be defined as follows
[21]:
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Considering the following boundary conditions of the trans-
mission line at points z = 0 and z = [, the equations are:

u(0,8) = Vs(s) — Zs(s)i(0, s)
w(l,s) = Zgr(s)i(l, s)

Therefore, the solution for voltage along the transmission
line, per unit length z, is obtained as follows [21]:
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where I's(s) and T'r(s) define the reflection coefficients at
the sending and receiving nodes, respectively [18]-[20]. These
reflection coefficients are defined by the line’s characteristic
impedance, Zc = (L/C)'/2.

_ Zs(s)—Zc
I's(s) = Zo(5) T Zo (®)

The mathematical description of traveling waves presented
above allows understanding waves’ propagation during fault
events in transmission lines. Therefore, the fault location is
a process performed in protection relays by using digital
implementations. This entails a numerical analysis in the
discrete domain, which is discussed in the following section.

III. TRAVELING WAVE USING SINGLE-END SIGNALS

Faults on transmission lines generate changes in the voltage
and current signals coming from a steady-state, where the new
voltages and currents can be computed as:

u(t) = u(t) + Au(t)
i(t) = i(t) + Ai(t)

(10)
QY

Bearing in mind the relationship between the voltage u
and the current ¢ for a distributed parameter model, the time
domain solution with respect to the line length x is fully
described by the telegrapher’s equation [22]. In fact, the nu-
merical solution of the telegrapher’s equation can be expressed
in terms of traveling waves, backward f; and forward fs, such
as:

u(z,t) = fi(z —vt) + fa(z + vt)

i(2,1) = Zi (@ — o) — folx +vt)]

(12)
(13)
where v is the speed propagation.

The backward and forward traveling waves can be expressed

in terms of incremental quantities of voltage Awu and current
A, such as:

Si(t) = 2/1(t) = Au(t) + ZAi(?)
Sa(t) = 2fo(t) = Au(t) — Z.Ai(t)

(14)
5)

where S7 is the backward wave, and S5 is the forward wave.
These signals 57 and .S, are employed by distance relays based
on traveling waves to estimate the fault distance when a fault
occurs.

A. Modal transformation

The coupling phenomenon between phases due to mutual in-
ductances may be neglected to analyze traveling waves’ prop-
agation in transmission lines. This means that the voltages and
currents have to be processed by employing modal transfor-
mations because these simplify the numerical calculus, quite

similar to a single-phase system. The most common transfor-
mation matrices are defined by Clarke’s transform, Wedepohl’s
transform, and Karrenbauer’s transform. Each transformation
matrix allows obtaining three propagation modes, two aerial
modes, and one zero mode. The aerial modes are not affected
by the frequency, and their propagation speed is very close to
the light speed. The zero mode represents the zero sequence
component, where both the propagation speed and the attenu-
ation of traveling waves are affected by the ground resistivity
as well as by the fault type. In this paper, aerial modes 1 and
2 are used to estimate the fault distance when a fault occurs
along the transmission line. Besides, this work uses Clark’s
transform to calculate the modal components [23]:

Au® 1 1 1 1 Aug
Au =3 2 -1 —1|=|Au (16)
Au® 0 % —% Au,

By using a modal transformation and substituting in expres-
sions (14) and (15), the forward and backward traveling waves
can be computed in the modal domain by:

Sim) _ Au(m) + ZC(m)Ai(m)

a7
S = Aulm — Zm At

where S1(m) and Sz(m) are known as traveling wave signals,
and the superscript m represents the propagation mode used.

Each propagation mode has different speeds and different
impedances. For instance, the zero mode is used to locate
phase-to-ground faults, whereas the second propagation mode
can be used to locate non-phase-to-ground faults. The first
aerial mode can be used to locate any fault type [24]. For this
reason, in this research, a conditional statement is used in the
algorithm to decide between the most appropriate aerial mode
to detect the fault, the zero mode is avoided for the reasons
mentioned above.

B. Fault detection and directional discrimination

Although the signals S; and S can be used to estimate the
fault distance, both signals should be processed to improve the
fault identification, especially to include the directionality in
distance relays as reported in [23]. This is carried out by two
discrimination functions shown below:

=) [ ()]
o= () < [2 ()]

If both the signals d; and d, exceed a predetermined
setting value, a fault condition will be detected. The fault’s
directionality will be determined by following the sequence
of the signals dy and d,, that is, which one exceeds, firstly,
the setting value.

(18)

19)



C. Correlation function

The cross-correlation between two signals defines the simi-
larity between them. Therefore, the distance estimation during
faults on transmission lines can be carried out using the
correlation, as was proposed in [25].

. . . . . > AV =T Augr)
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where S; and Sy represent the average of their respective
sample groups. The correlation function indicates the closest
similarity between both waveforms; therefore, the passed away
time where the maximum correlation occurs can be used to
determine the distance to the fault point.

D. Modified discrete wavelet transform

The signals S;(m) and S3(m) can also be processed by
using the Modified Discrete Wavelet Transform (MODWT),
this implies that the incremental quantities of voltage Awu and
current A7 may generate new coefficients defined by [26]:

N

Aul (p) = " h(l)Au(p+1+ N) (23)
=1
N

AilM(p) =Y h()Ai(p+1+ N) (24)
=1

where p is the actual sample, IV is the number of samples of
a data window and h(l) is the wavelet filter defined by the
mother wavelet.

The new signals that will be used to the fault location are
defined as follows:

S(m) Av(m) + Z Az(m) 25)
S(m) Av(m) Zc(m)Aign) (

E. Estimation of fault location

Once the first incident wave and the reflected wave from
the fault point have been identified and considering the prop-
agation speed of the traveling waves, the fault distance can be
estimated as follows [23]:

(tz — tl)’U
2
where t; and to correspond to the first wavefront arrival time
and its subsequent reflection coming from the fault point,
respectively. In this case, v is the propagation speed of the

d= (26)
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Fig. 2. Flow chart showing the algorithm for determining the distance to a
fault on a transmission line

traveling waves in the transmission line.

The algorithm utilized for locating faults on transmission
lines is summarized in Fig. 2. First, the discrete signals of
voltage and current are analyzed through a modal transforma-
tion matrix represented by 7'. Next, the traveling wave signals
must be obtained, which are used to determine if there is a fault
condition. Then, the signals d¢ and d,. are analyzed to identify
fault conditions, and this entails that a fault can be detected
when both signals exceed a setting value. Last, the correlation
function is computed to find the passed away time between
the first incident wave and its reflection on the measurement
terminal. Finally, once the arrival times are known, the fault
point is estimated.

IV. CASE OF STUDY

The well-known IEEE 9-bus test system is used to test the
effectiveness of the algorithm described above. This power
system consists of three synchronous machines, nine buses,
six transmission lines, three step-up transformers, and three
loads. The total load demand is 315 MW and 115 MVAr [27].
For this test system, the longest transmission line corresponds
to line 6-9, connecting buses 6 and 9. This line is chosen for
testing the fault location algorithm, where the line length is
179.86 km.

In this paper, the measurement terminal is located on bus
6. Besides, a J Marti [28] distributed parameter model is used
due to its characteristics for a wide range of frequencies as
well as its numerical stability; this model also offers a good
response to analyze traveling waves methods [29]. Therefore,
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Fig. 3. IEEE 9-bus test system used to validate the fault location algorithm.

the correlation-based traveling wave method is proved con-
sidering a characteristic impedance of Z¢o = 365.057€2. In
addition, the propagation speed of aerial modes 1 and 2 is
v = 274478.8648 .

V. RESULTS AND SIMULATIONS

The fault analysis is carried out by using the system
shown in Fig. 3. Three-phase, two-phase, and single-phase to
ground faults were simulated using intervals of 20 km along
the transmission line. Besides, many fault resistances were
considered in the simulations with a maximum value of 100
Q. The effect of noise is also analyzed.

For example, a three-phase to ground fault was simulated
at 20 km of the transmission line; the voltages and currents
in the abc reference frame are shown in Fig. 4. For this case,
the fault was simulated at ¢ = 0.02s.
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Fig. 4. Voltage and current signals for a three-phase fault at 20 km on the
transmission line.

The modal transformation is used to decouple the electri-
cal signals of the three-phase system into three propagation
modes. The aerial mode 1 is used to find the traveling wave
signals S; and Ss; these signals are shown in Fig. 5(a). Also,
the resulting signal of correlation between S; and Ss is shown
in Fig. 5(b), where the maximum value of the signal indicates
the greatest similarity between both signals. In a similar way,
the signals S1,, and Sy, are displayed on Fig. 6.

1x104 a)
—5

o 05 — 524
ho}
2
= 0
g
<05 ]

1 s s s s s

0.02 00205 0.021 00215 0.022 0.0225 0023

Time [s]
x10° b)

Amplitude

0.021 0.0215 0.022 0.0225 0.023
Time [s]

0.02  0.0205

Fig. 5. Signal processing to identify the arrival times of incident waves.
(a). Traveling wave signals S and Sz for three-phase fault at 20 km. (b).
Correlation signal of S1 and S2 for three-phase fault at 20 km.
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Fig. 6. Traveling wave signals S1,, and Sa,, for three-phase fault at 20 km.

The propagation speed of the traveling waves regarding the
fault location on different points of the transmission line is
shown in Fig. 7. Based on the results, the first wavefront is
displaced according to the MODWT, depending on the fault
location. Notice that similar behavior occurs for the second
wavefront with respect to the first wavefront.

As previously mentioned, the discrimination functions help
identify the fault condition, when exceeding a pre-established
threshold; quite similar to another work based on threshold for
fault detection [29].
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Fig. 7. Wave propagation for different fault locations by using MODWT.

To generalize the proposed method, the threshold is de-
termined by analyzing the signals d; and d,. According to
(18) and (19), when there is no fault condition along the
transmission line, this means that the signals S; and Sy will
not present any change, therefore, their derivatives tend to be
zero, and the remaining signals are:

df = <Sfm))2

b= [(s57)

The threshold value can be computed using the root mean
square of the maximum values of the signals S; and Sy as
indicated in the following equation:

27)

(28)

2 N2
max (ng)> + max (Sé'”))
2

where k represents a sensitivity factor because this allows
greater sensitivity when there are noisy signals and it is an
analogy to the adaptive threshold values of line protections
[33,34]. For example, if it is required to have greater robust-
ness against noise, factor k& will be adjusted and it recommends
values 1 < k < 5. In this work, for the system of Fig. 3,k =5
and th = 2 x 107.

th ==k

(29)

Besides, if d,. exceeds the threshold faster than d, the fault
is downstream on the measurement position. These signals
can be seen in Fig. 8, where it can notice that both d,
and dy exceed the threshold at ¢ = 0.0201s. This indicates
that the first traveling wave caused by the fault reaches
the measurement terminal at that time because the fault is
downstream of the relay.
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Fig. 8. Setting value and directional signals for a three-phase fault at 20 km.

The correlation function is used to find the passed away
time when the first traveling wave is reflected from the fault
point. A portion of the signal S is correlated with subsequent
portions of the signal S;. Therefore, the time that produces
the maximum correlation will occur when both signals are in
phase, and this will be used to find the distance to the fault
point according to equation (26). Table I shows the obtained
results of the algorithm based on correlation, including the
most common types of faults and taking into account several
distances.

TABLE 1
FAULT LOCATION FOR THE LINE 6-9 BY USING THE CORRELATION
ALGORITHM.
Distance Fault type

ABCG ABG BCG ACG AG BG CG
20 km 19.797 | 19.797 | 19.797 | 19.797 | 19.797 | 19.797 | 19.797
40 km 39.594 | 41.394 | 39.594 | 39.594 | 39.594 | 39.594 | 39.594
60 km 59.391 | 61.191 | 59.391 | 59.391 | 61.191 | 61.191 | 61.191
80 km 79.188 | 80.988 | 79.188 | 79.188 | 80.988 | 80.988 | 80.988
100 km | 98.985 | 98.985 | 98.985 | 98.985 | 98.985 | 98.985 | 98.985
120 km 11698 | 118.78 | 11698 | 11698 | 118.78 | 118.78 | 116.98
140 km 138.58 | 140.38 | 138.58 | 134.98 | 140.38 | 140.38 | 140.38
160 km 158.38 | 156.58 | 158.38 | 158.38 | 158.38 | 156.58 | 156.58

An exhaustive analysis of the effect of the sampling fre-
quency allows to define operating margins and ensure the
reliability of the protection scheme [30]. As discussed in other
investigations, the traveling waves-based methods require high
sampling rates to have good resolution and accuracy [31].
However, it has been shown that with an average sample rate of
some tens of kHz, fast operating time and reasonable accuracy
are obtained; furthermore, no special measuring instruments
or powerful processors are required [5]. In this work, the al-
gorithm shows good effectiveness using sampling frequencies
upper to 80 kHz. The faults simulated in ATP/EMTP with
this sampling frequency show an excellent precision to find
the arrival times in traveling waves-based methods [32].

The correlation method is also assessed in a noisy envi-
ronment; this entails adding noise to the voltage and current



signals. For example, the results for a three-phase fault at 20
km from the measurement terminal are shown in Fig. 9. For
this case, it is considered 50 dB into the voltage and current
signals. It is observed that the processed signals are highly
affected by the introduced noise. However, the correlation
method can be adjusted (algorithm’s threshold) to ensure
good performance for noisy signals. The results show that
the correlation method generates good results for the analyzed
case because the estimated distance is 19.797 km, being this an
acceptable result. However, the results may not be guaranteed
for a lower noise level than 50 dB as this implies greater
distortion in the signals.
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Fig. 9. Setting value and directional signals for a three-phase fault at 20 km
with 50 dB of added noise.

Additionally, various cases with different fault resistances
were simulated to evaluate the correlation technique for several
fault conditions. It was found that the method shows promising
results with Ry up to 100 €2. Nevertheless, for phase-to-ground
faults, after 160 km from the measurement terminal, with R
greater than 100 €2, the method may not be able to detect
the reflected traveling waves from the fault point, producing
an error in the distance estimation. Table II shows the results
obtained for faults with a Ry of 100 €.

TABLE II
FAULT LOCATION FOR THE LINE 6-9 BY USING THE CORRELATION
ALGORITHM - Ry = 100 2

Distance Fault type
ABCG ABG BCG ACG AG BG CG
20 km 19.80 19.80 19.80 19.80 19.80 19.80 19.80
40 km 39.59 39.59 39.59 39.59 39.59 39.59 39.59
60 km 59.39 61.19 59.39 59.39 61.19 61.19 61.19
80 km 79.19 80.99 79.19 79.19 80.99 80.99 80.99
100 km 98.98 100.78 | 98.98 98.98 98.98 98.98 98.98
120 km 11698 | 118.78 | 11698 | 11698 | 118.78 | 118.78 | 118.78
140 km 138.58 | 138.58 | 138.58 | 136.78 | 140.38 | 138.58 | 140.38
160 km 158.38 | 160.18 | 158.38 | 158.38 0.00 35.99 35.99

Finally, Table III shows the comparison results (for three-
phase faults) between the correlation algorithm and the algo-
rithm based on the MODWT. The results demonstrate a good
performance of the analyzed algorithms, and both results are
quite similar. Therefore, the distance protection based on one-
end traveling wave methods is an efficient method to carry out
the fault location on transmission lines.

VI. CONCLUSION

TABLE III
COMPARISON RESULT USING THE MODWT AND THE CORRELATION
ALGORITHM.
Distance MODWT Correlation
Estimated | Error (%) | Estimated | Error (%)
20 19.7970 0.1128 19.797 0.1128
40 39.5940 0.2256 39.594 0.2256
60 59.3909 0.3384 59.391 0.3383
80 79.1879 0.4512 79.188 0.4511
100 98.9849 0.5640 98.985 0.5639
120 118.7819 0.6767 116.98 1.6778
140 140.3786 0.2103 138.58 0.7889
160 158.3758 0.9023 158.38 0.9000

In this paper, an implementation of an algorithm to locate
faults accurately in a transmission line is presented. The
method is based on one terminal that requires voltage and
current measurements, which represents an advantage since
time synchronization errors are avoided, in addition to the fact
that a communications channel is not required. The correlation
method and the MODWT based method were used to obtain
the traveling wave signals, which are processed to determine
the forward wave propagation and reflected waves generated
by faults.

Both algorithms were tested using the IEEE 9-bus test
system, and it was implemented in ATP/EMTP™. The algo-
rithms were processed in MATLAB® to assess several fault
conditions on the transmission line that connects buses 6 and
9. The results show that the evaluated algorithms produce
small errors, around 1.6% using correlation and less than
1% by using MODWT. In this sense, this work demonstrates
the effectiveness of both techniques during fault location in
transmission lines. It should be mentioned that both techniques
have disadvantages in their implementation. Although the
correlation method has shown promising results, the method
loses precision when the sampling frequency is lower than 80
kHz.

Likewise, a study was carried out to know the influence of
noise on the input signals. It was found that noise levels lower
than 50 dB, the correlation method loses accuracy; on the
contrary, the MODWT technique may include an additional
stage for conditioning the input signals. As a consequence
of that, this is not so sensitive to noise as the correlation is.
Although both techniques offer fast operation, the correlation
uses fewer computation operations, in such a sense, the
correlation method is faster than the MODWT based method.

The choice of the most suitable technique for locating faults
in transmission lines will depend on many factors such as ease
of implementation, robustness, flexibility, and adaptability to
real applications. Based on the obtained results, it is possible
to design an improved scheme that integrates both reviewed
techniques to offer better results and a faster estimation for
fault location.
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