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Abstract—A prompt and accurate transmission line fault 

location is of great interest to transmission system operators 

(TSOs) as it can accelerate the service restoration, thus reducing 

outage time and improving service quality. Various transmission 

lines fault algorithms have been proposed in the past. This paper 

presents two impedance-based fault location algorithms that are 

developed and implemented in MATLAB, a single-ended 

algorithm and a two-ended algorithm. Both algorithms have 

associated some error sources. Therefore, by using EMTP-RV 

simulations, analysis of the algorithms sensitivity to: fault 

resistance, load flow, voltage and current measuring errors, zero-

sequence impedance errors and sync errors, is performed. Sync 

errors do not apply for the single-ended algorithm. After those 

analysis, it is concluded that the two-ended algorithm is much less 

sensitive to those sources of errors than the single-ended 

algorithm. Also, the results obtained with the single-ended 

algorithm showed it is hugely affected by fault resistance and zero 

sequence resistance errors. Fault resistance is the factor that most 

affects the two-ended algorithm for phase-to-ground faults. In 

conclusion, between the two, the two-ended algorithm is the most 

suitable for general purpose application in transmission lines fault 

location.  

 
Index Terms—Fault location, transmission lines, 

impedance-based algorithm, single-ended algorithm, two-ended 

algorithm 

 

I. INTRODUCTION 

HE number of transmission lines has grown over the years 

to keep up with increased dependency and consumption of 

electrical energy. Thus, transmission system operators (TSOs) 

have been pushed towards a continuous improvement of service 

quality. Hence, accurate transmission line fault location is of 

great interest as it can accelerate the service restoration this way 

reducing outage time and improving system reliability. 

In the literature many fault location algorithms have been 

proposed. These are mostly commonly classified into four 

distinct categories. (1) impedance-based, (2) travelling waves, 

(3) high frequency, and (4) knowledge-based. 

Impedance-based algorithms assume that the impedance of 

a faulted line segment is directly related to fault distance. This 

category of algorithms can be divided into two main groups: 

single-ended and two-ended. 

The single-ended algorithms make use of voltage and 

current phasor measurements of only one terminal of the faulted 

line. The simplest method of this type of algorithms is the 

simple reactance algorithm [1] which assumes the fault distance 

is given by the ratio between apparent reactance, determined 

using the phasor measurements, and the line´s reactance, 

neglecting the fault current. Tagaki et al. [2] proposed a similar 

method that considers the fault current, however it may be 

adversely affected by fault resistance. A technique for 

compensating such effects is described in [3], however more 

complex also. Since all these methods neglect transversal 

admittance, in [4] a single-ended method which considers the 

transversal susceptance is presented. 

The two-ended algorithms, as the name suggests, use the 

two terminals’ voltage and current measurements in its 

calculations. In [5] a two-ended algorithm utilizing 

synchronized measurements is presented. An iterative method, 

which does not require synchronized measurements, is 

described in [6]. In [7] and [8] non-iterative algorithms 

adopting unsynchronized two terminal data are presented. 

While the first requires a synchronization process, the second 

does not. This limits the first to processing the data offline, 

while the second, location fault is almost done in real time. 

Moreover, the second algorithm shows little sensitivity to 

couplings, fault resistance and to lack of network homogeneity. 

Algorithms based on traveling waves [9] utilize propagation 

and reflection waves theories. When a fault occurs voltage and 

current waves propagate from fault’s point to line terminals. 

Since waves travel at the speed of light, by measuring the time 

those waves take to reach a line terminal, it is possible to 

determine the fault location seen from that same terminal. 

These algorithms are quite accurate, but they are complex and 

expensive as they require a high sampling frequency. 

Algorithms based on high frequency [10],  detect and use 

high frequency voltage and current components, generated by 

the fault, to determine the fault location. These methods are also 

complex and expensive as they need specialized filters to 

measure those high frequency components, whereby they are 

not frequently used. 

Knowledge-based algorithms [11] are more recent methods 

made to overcome inaccuracies that affect previous methods. 

Neural based approach and fuzzy-logic systems are examples 

of this type of algorithm. 

In the developed work two impedance-based algorithms 

were implemented in MATLAB, the first one is a single-ended 

algorithm and the second is a two-ended algorithm. 

Section II presents the methodology used to implement the 

two algorithms. Using EMTP-RV simulation, evaluation 

studies are reported in section III. Section IV presents the 

results of the two algorithms applied to a real case fault event. 

Finally, conclusion is shown in section V. 

T 
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II. METHODOLOGY 

 

The two impedance-based fault location algorithms 

implemented make use of voltage and current measurements. It 

is assumed, for both algorithms, a short line model (<100 km) 

and lumped parameters. 

The working principle for both algorithms is based on 

analysis of the monophasic circuit of Figure 1. This figure 

represents a pure resistive line fault, which occurred at 

location F, represented by fault resistance 𝑅𝐹, which is 

unknown.  

Thévenin equivalents of networks upstream from line 

terminals, S and R, are also present in this figure. Each one of 

them is represented by a voltage source,  𝑈𝑆 and 𝑈𝑅, 

respectively, and an equivalent network impedance, �̅�𝑆 and �̅�𝑅, 

respectively. The known transmission line impedance is 

represented by �̅�𝑙. 𝑑 represents the distance to the fault, seen 

from terminal S, to be computed by the algorithms.  

 
Figure 1 – Monophasic circuit of a pure resistive fault  

 

A. Single-ended algorithm 

 

The first implemented algorithm [12] is a single-ended 

algorithm. This group of algorithms uses voltage and current 

measurements only from  one terminal of the faulted line, as so, 

for this algorithm, only �̅�𝑆 and 𝐼�̅� are known. 

Analyzing Figure 1 and according to Kirchhoff laws: 

 �̅�𝑆 = 𝑑�̅�𝑙𝐼�̅� + 𝑅𝐹𝐼�̅� (1) 

 𝐼�̅� = 𝐼�̅� + 𝐼�̅� (2) 

Once 𝐼�̅� is unknown, so is 𝐼�̅� , making it impossible to 

determine the fault distance, 𝑑, from (1). 

On way around this problem is to assume that the fault 

current 𝐼�̅�  is proportional to the current’s variation at point S 

when the fault occurs: 

 𝐼�̅� − 𝐼�̅�0 ≡  ∆𝐼�̅� =  𝑘𝑑𝐼�̅� (3) 

where 𝐼�̅�0 is the pre-fault current at point S and 𝑘𝑑 is the 

distribution factor, given by (4), which describes the currents 

distribution in the pure faulted circuit, on the decomposition of 

the faulted circuit by the Superposition Theorem. 

 𝑘𝑑 =
�̅�𝑅 + (1 − d) �̅�𝑙

�̅�𝑅 + �̅�𝑆 + �̅�𝑙

 (4) 

 

For low values of 𝑅𝐹, it was demonstrated that 𝑘𝑑 can 

assume the value 1, [2]. Therefore, by replacing (3) in (1) one 

obtains: 

 �̅�𝑆 = 𝑑�̅�𝑙𝐼�̅� + 𝑅𝐹(𝐼�̅� − 𝐼�̅�0 ) (5) 

Once (5) is a complex equation, it can be separated into its 

real and imaginary parts, thus obtaining a system of two linear 

equations with two unknown variables, 𝑑 and 𝑅𝐹: 

{
𝑅𝑒𝑎𝑙{�̅�𝑆} = 𝑑 × 𝑅𝑒𝑎𝑙{𝑍�̅�𝐼�̅�} + 𝑅𝐹 × 𝑅𝑒𝑎𝑙{(𝐼�̅� − 𝐼�̅�0 )}

𝐼𝑚𝑎𝑔{�̅�𝑆} = 𝑑 × 𝐼𝑚𝑎𝑔{𝑍�̅�𝐼�̅�} + 𝑅𝐹 × 𝐼𝑚𝑎𝑔{(𝐼�̅� − 𝐼�̅�0 )}
 (6) 

The general solution, for a system of linear equations, is 

given by: 

 𝑥 =  𝐴−1𝐵 (7) 

In this case, 𝑥, 𝐴 and 𝐵 being 

 𝑥 = [
𝑑

𝑅𝐹
] (8) 

𝐴 = [
𝑍𝑙𝑟

𝐼𝑆𝑟
− 𝑍𝑙𝑖

𝐼𝑆𝑖
𝐼𝑆𝑟

− 𝐼𝑆0𝑟

𝑍𝑙𝑟
𝐼𝑆𝑖

+ 𝑍𝑙𝑖
𝐼𝑆𝑟

𝐼𝑆𝑖
− 𝐼𝑆0𝑖

]  and 𝐵 = [
𝑉𝑆𝑟

𝑉𝑆𝑖

] (9) 

where 𝑋𝑟 e 𝑋𝑖 designate the real and imaginary parts of �̅�, 

respectively. 

This way it is possible to compute the values of distance to 

fault, 𝑑 and the fault resistance, 𝑅𝐹. 

 

B. Two-ended algorithm 

 

The second algorithm implemented [13] is a two-ended 

algorithm, which uses voltage and current measurements from 

both terminals of the faulted line. As so, for this algorithm, all 

�̅�𝑆, 𝐼�̅�, �̅�𝑅 and 𝐼�̅� are known. 

From Figure 1 analysis and according to Kirchhoff law, one 

can also derive: 

 �̅�𝑅 = (1 − 𝑑)�̅�𝑙𝐼�̅� + �̅�𝐹 (10) 

where  

 �̅�𝐹 = 𝑅𝐹𝐼�̅� (11) 

From (1) and (10), one can obtain two equations for �̅�𝐹: 

 �̅�𝐹 =  �̅�𝑆 − 𝑑�̅�𝑙𝐼�̅� (12) 

 �̅�𝐹 =  �̅�𝑅 − (1 − 𝑑)�̅�𝑙𝐼�̅� (13) 

By manipulating (12) and (13), one can obtain an equation 

for computing 𝑑: 

 𝑑 =
�̅�𝑆 − �̅�𝑅 + �̅�𝑙𝐼�̅�   

�̅�𝑙(𝐼�̅� + 𝐼�̅�)
 (14) 

 



 3 

III. EVALUATION STUDIES OF THE TWO ALGORITHMS 

 

To test both algorithms and their sensitivity to several 

factors, some EMTP-RV simulations were performed. To do 

that, a test network, similar to the southern Portuguese 

transmission network (“RNT Sul”), represented in Figure 2, 

was configured in EMTP-RV. Then various types of faults were 

forced in two different transmission lines, indicated in Figure 2. 

These lines are the ones that connect Sines to Portimão, 

LSN_PO3, and that connect Portimão to Tavira, LPO_TN3. 

 
Figure 2 – Test Network  

The faults simulated were: a-to-ground, b-c, b-c-to-ground, 

and three-phase faults. Thus, representing phase-to-ground, 

phase-to-phase, double-phase-to-ground, and three-phase 

faults, respectively. For a-to-ground and b-c-to-ground faults, 

six different fault resistances were considered: 0 Ω, 10 Ω, 20 Ω, 

30 Ω, 40 Ω, and 50 Ω. And for all simulations, five different 

load flows (T.E.) were also considered by means of changing 

the angle between Sines’ and Tavira’s Thévenin voltage 

sources: -10 º, -5 º, 0 º, 5 º and 10 º. Table 1 presents the 

correspondent active power to each considered load flow. 

Table 1 – Active powers for each considered load flow simulated 

  P [MW] 

  
LSN_PO3 seen 

from Sines 

LPO_PO3 seen 

from Portimão 

Load 

Flow 

-10 º 163.89 8.47 

-5 º 95.84 5.10 

0 º 21.84 1.05 

5 º -56.92 -3.57 

10 º -139.18 -8.62 

Because errors related to voltages and current 

measurements, zero sequence impedance, and synchronization 

may also affect the algorithms performance, with respect to 

estimated distance errors, further errors were considered. 

Regarding current measurements errors, amplitude (|𝐼|̅) errors 

of -5, -3, -1, 0, 1, 3, and 5 % were considered, according to [14].  

Regarding voltage measurements errors, amplitude (|�̅�|) and 

angle (∡�̅�) errors of: {-3; -2; -1; 0; 1; 2; 3} %, and 

{-2; -1.2; -0.4; 0; 0.4; 1.2; 2} º were respectively considered, 

according to [15]. For zero sequence impedance errors, zero 

sequence resistance (𝑅ℎ) and reactance (𝑌ℎ) of {0.9004; 1; 

1.1503; 1.4002; 1.6501; 1.9} pu and {0.9462; 0.9925; 1; 

1.0388; 1.0851} pu, respectively, were considered according to 

[16]. Regarding sinc errors, {-2; -1.2; -0.4; 0; 0.4; 1.2; 2} ms of 

phase shift between the measurements of line-terminals S and 

R were considered. Sync errors do not apply for the single-

ended algorithm. 

After this, results were obtained by applying the simulations 

in the two implemented algorithms, and algorithms sensitivity 

analysis to: fault resistance, load flow, voltage and current 

measuring errors, zero-sequence impedance errors and sync 

errors, was performed.  

For each type of fault and algorithm, the results were 

resumed to a bar chart, which shows factor importance and 

quantification. This quantification corresponds to the largest 

error observed, regarding only each factor. To better understand 

this, it is important to define algorithms’ estimated distance 

errors: 

 𝑒𝑟𝑟𝑜𝑟 (%) =
𝑑𝑎𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 − 𝑑𝑟𝑒𝑎𝑙

𝑑𝑟𝑒𝑎𝑙

× 100  (15) 

where 𝑑𝑎𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 is the fault distance estimated by the algorithm 

and 𝑑𝑟𝑒𝑎𝑙  is the simulated fault distance. Knowing this, the 

largest error observed, regarding only each factor, is the 

maximum of 𝑒𝑟𝑟𝑜𝑟′ observed, where 𝑒𝑟𝑟𝑜𝑟′ is given by: 

 𝑒𝑟𝑟𝑜𝑟′(%) = 𝑒𝑟𝑟𝑜𝑟 (%) − 𝑒𝑟𝑟𝑜𝑟0 (%)  (16) 

where 𝑒𝑟𝑟𝑜𝑟0 is the 𝑒𝑟𝑟𝑜𝑟 obtained for 0 % error of each factor 

considered. For the resistance and load flow, 𝑒𝑟𝑟𝑜𝑟0 

corresponts to the results obtained with 0 Ω and 0 º, 

respectively. 

Notice that, in a real context, estimated distance error does 

not match the sum of the represented error in the following 

figures, as some factors will contribute positively and others 

negatively to the global error. 

For the figures in the following sections A, B, C and D 

consider the variables: fault resistance (𝑅𝐹), load flow (T.E.), 

current (|𝐼|̅) and voltage (|�̅�|) amplitude errors, voltage angle 

errors (∡�̅�), zero sequence resistance (𝑅ℎ) and reactance (𝑌ℎ) 

errors, and sync errors (Sync). 

 

A. Results for Phase-to-ground faults 

 

Figure 3 represents the bar chart mentioned above for the 

results obtained with each algorithm, for phase-to-ground 

faults.  

Analyzing Figure 3, it can be concluded that the two-ended 

algorithm is much less sensitive than the single-ended 

algorithm, for every single factor considered. 

Besides that, the three factors that hugely affect the 

estimated fault distance errors obtained with the single-ended 

algorithm are: (1) zero sequence resistance errors, (2) fault 

resistance, and (3) voltage angle measurement errors.  
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Figure 3 – Sensitivity importance for phase-to-ground fault  

For this algorithm, its evaluation study for zero sequence 

errors showed that the estimated fault distance increases with 

the increase of the error in question, so does the estimated 

distance error. It also showed that the 𝑒𝑟𝑟𝑜𝑟′ has a monotonous 

progress around the point where zero sequence resistance is 

1 pu, that is 𝑒𝑟𝑟𝑜𝑟′0. For this case, the largest distance 𝑒𝑟𝑟𝑜𝑟′ 
obtain was 105 %. 

The same can be said regarding fault resistance variations. 

Except in this case, the largest error obtained was 88 % for a 

50 Ω fault resistance. As it was said in section II.A, the 

distribution factor, 𝑘𝑑 is assumed to be 1, and this assumption 

is said to be true for low values of fault resistance. Therefore, it 

was expected to have bigger error for bigger fault resistances. 

Furthermore, with this single-ended algorithm, results 

regarding voltage angle measurement errors showed that the 

estimated fault distance also increases with the increase of the 

error in question. A monotonous progress of both estimated 

distance and error with this type of measurement errors is also 

observed. One can say that all  𝑒𝑟𝑟𝑜𝑟′ observed were less than 

32 %, for the evaluation analysis of this factor. 

From Figure 3 – b), the factors that affect more the two-

ended algorithm are the fault resistance, sync errors and 

currents’ amplitude measurement errors. 

For the fault resistance, it was observed that estimated 

distance also increases monotonously with the increase of fault 

resistance, obtaining a less than 15 % 𝑒𝑟𝑟𝑜𝑟. 

Regarding sync errors, obtained 𝑒𝑟𝑟𝑜𝑟′ was less than 3.3 %, 

observing both increasing and decreasing progresses of the 

estimated distance with the increase of sync errors considered. 

Regarding the current errors, this algorithm showed a 

monotonous increase of both estimated distance and 𝑒𝑟𝑟𝑜𝑟𝑠′ 
with the increase of the currents’ amplitude error. 

From Figure 3 it can also be said that the two-ended 

algorithm is non-sensitive to zero sequence impedance errors. 

These results were expected since this algorithm does not use 

zero sequence quantities in its calculations and thus, for this 

algorithm, evaluating studies for zero sequence errors were not 

performed for the faults that follow. 

 

B. Results for Phase-phase fault results 

 

Figure 4 represents the bar chart mentioned above for the 

results obtained with each algorithm, for phase-phase faults. 

 
Figure 4 – Sensitivity importance for phase-to-phase fault 

Analyzing Figure 4, one can conclude that the two-ended 

algorithm is again less sensitive than the single-ended 

algorithm, for every single factor considered. For this type of 

faults, current and voltage amplitude measurements errors are 

the factors that most affect both algorithms. 

Regarding current amplitude errors, the evaluation studies 

for both algorithms showed that, in general, the estimated 

distance and corresponding 𝑒𝑟𝑟𝑜𝑟′ decrease with the increase 

of the error in question. On the other hand, regarding voltage 

amplitude errors, the estimated distance progress is increasing. 

These progresses were expected given the fact that both 

algorithms are impedance-based and that the impedance is the 

ratio between voltage and current. 

In the single-ended algorithm, results for 𝑒𝑟𝑟𝑜𝑟′ were all 

less than 6.2 % and 2.9 % regarding current and voltage 

amplitude errors, respectively. On the other hand, these values 

for the two-ended algorithm are 2.6 % and 1.2 %. 

It is also important to mention that, for this type of faults, 

the single-ended algorithm is not sensitive to zero impedance 

errors. This happens because, for this type of fault, the 

algorithm did not use zero sequence quantities in its 

calculations.  

 

C. Results for Double phase-to-ground faults 

Figure 5 represents the bar chart mentioned above for the 

results obtained with each algorithm, for double phase-to-

ground faults. 

 
Figure 5 – Sensitivity importance for double phase-to-ground fault 
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Analyzing Figure 5, one can say that the two-ended 

algorithm is less sensitive than the single-ended algorithm, for 

every single factor considered. For this type of faults, current 

and voltage amplitude measurements errors are still the factors 

that most affect both algorithms. Besides, fault resistance is one 

of the factors that also affects the algorithms. 

For the voltage and current amplitude measurements errors, 

the same progresses, as the ones mentioned in the last section, 

were observed for both estimated distances and 𝑒𝑟𝑟𝑜𝑟′. But in 

this type of faults, results of single-ended algorithm showed 

𝑒𝑟𝑟𝑜𝑟′ less than 4.9 % and 2.9 %, respectively for these current 

and voltage errors. On the other side, the two-ended algorithm 

showed 𝑒𝑟𝑟𝑜𝑟′ less than 2 % and 1.2 %, respectively. 

In the double phase-to-ground faults, the fault resistance 

factor was again considered, and both algorithms presented 

showed much lower errors than the ones for phase-to-ground 

faults. For double phase-to-ground faults, the single-ended and 

two-ended algorithms showed a maximum 𝑒𝑟𝑟𝑜𝑟′ of 1.27 % 

and 0.65 %, respectively. 

 

D. Results for Three-phase faults 

 

Figure 6 represents the bar chart mentioned above for the 

results obtained with each algorithm, for three-phase faults. 

 
Figure 6 – Sensitivity importance for three-phase fault  

Analyzing Figure 6, it can be concluded that the two-ended 

algorithm is once again less sensitive than the single-ended 

algorithm, for every single factor considered. 

Once again, current and voltage amplitude measurements 

errors are the ones that most affect both algorithms for 

three-phase faults. Besides, the same progresses, as observed in 

all the other types of fault mentioned above, were observed 

regarding current and voltage amplitude measurements errors. 

For this case, 5.6 % and 3.17 % were the maximum 𝑒𝑟𝑟𝑜𝑟′ 
obtain by the single-ended algorithm for current and voltage 

amplitude measurement errors evaluation analysis. For the 

two-ended algorithm, these values were 1.87 % and 1.08 %, 

respectively. 

 

 

 

 

IV. REAL CASE APPLICATION 

 

Real faults, which occurred in the Portuguese national 

transmission network (RNT), were applied to both algorithms. 

100 incidents, which occurred in RNT, during 2013, 2014 and 

2015, where provided. Each incident corresponds to a single-

phase fault that occurred in an RNT transmission line. For each 

fault, current and voltage measurements from each line terminal 

were recorded, originating two records. As, so, there were 200 

records, 100 incidents, i.e. each incident corresponds to two 

records. The incidents occurred in 44 different transmission 

lines, with different voltages: 150 kV, 220 kV or 440 kV. 

A real case application example is shown below. Figure 7 

presents the voltage and currents signals of the faulted phase for 

records 47 and 48, which correspond to the example. 

 

Figure 7 – Voltage and current measurements of the faulted phase in 

the real case fault corresponding to records 47 and 48 

This real case example is a phase c-to-ground fault in a 

220 kV transmission line, with 45.989 km in length. 

Both algorithms were applied to this fault example, 

obtaining the results presented in Figure 8. 

 

Figure 8 – Results obtained for the real case example: 

a.1) single-ended algorithm applied to record 47 

b.1) single-ended algorithm applied to record 48 

a.2) two-ended algorithm applied to record 47 

b.2) two-ended algorithm applied to record 48 
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Two-ended algorithm 
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According to the results presented in Figure 8, unifiliar 

representations of this faulted transmission line and fault 

distances obtained with each algorithm, seen from the terminal 

corresponding to record 47, are presented in Figure 9. 

 
Figure 9 – Unifiliar representation of fault location when: 

1) applying the single-ended algorithm to record 47 

2) applying the single-ended algorithm to record 48 

3) applying the two-ended algorithm to records 47 and 48 

Analyzing Figure 9, one can verify that the two fault 

distance estimations obtained by the single-ended algorithm 

differ from each other 7.05 km, which corresponds to 15.33 % 

of the line length. On the other hand, both these faulted 

estimations, obtained by applying the algorithm to records 47 

and 48, differ 1.82 km and 5.23 km from the estimated distance 

obtain by the two-ended algorithm, respectively. These values 

correspond to 3.95 % and 11.38 % of the faulted transmission 

line length, respectively. 

Notice that it was expected that the sum of both estimated 

distances obtained by the single-ended algorithm, represented 

in Figure 8 – a.1)  and Figure 8 – b.1), would be equal to the 

transmission line length, as the records used for each one 

correspond to each line terminal. However, this was not the 

case, resulting in a 38.94 km line length, which corresponds to 

an error of -15.33 %. 

Analyzing Figure 8, one can see that the various results 

obtained, represented in blue, tend to stabilize around a value. 

 

V. CONCLUSION 

 

Sensitive analyzes regarding: (1) fault resistance, (2) load 

flow, (3) current and voltage measurement errors, (4) zero 

sequence impedance errors, and (5) sync errors were performed 

with both single-ended and two-ended implemented 

algorithms, using EMTP-RV simulations. The sync errors 

sensitive analysis is only applicable to the two-ended algorithm.  

The most relevant conclusion that can be driven from those 

analysis is that the two-ended algorithm is much less sensitive 

to all those sources of errors than the single-ended algorithm, 

for every fault type. As so, for general purpose application, the 

two-ended algorithm is the most suitable one. 

Furthermore, every individual factor evaluated showed 

errors below 10 % for the two-ended algorithm, for all types of 

fault. The worst case being an error regarding fault resistance 

for the phase-to-ground fault. 

As for the single-ended algorithm, it was showed that it is 

very sensitive either to zero sequence resistance, fault resistance 

and voltage angle measurement errors, showing errors that can 

go up to 105 %, 88 % and 32 %, for each individual factor 

respectively, when applied to phase-to-ground faults. 

Both algorithms were also applied to a real case fault. The 

two estimated distances obtained by the single-ended 

algorithm, from each record, differed from each other 15.33 % 

of the line length. Besides, one can say that the various results 

obtained by each algorithm tend to stabilize around a value. 
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