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Power transmission lines are vital components of today's power systems. These power 

lines transmit the electricity produced in power plants in high volume and with very low 

losses to distant areas so that it can be reached consumers through distribution networks. 

In fact, these lines are the intermediary between major energy producers and distribution 

networks. Accordingly, these transmission lines are of great importance and must be 

protected appropriately with a suitable protection system. Distance relays are widely used 

to protect these lines due to their convenient coordination characteristics and simplicity. 

High impedance faults (HIFs) can be a critical challenge for distance relays due to their 

low current amplitude and similarity to conventional events in power systems, such as 

capacitive bank switching. Therefore, this paper presents a new approach based on the 

instantaneous frequency variations obtained from the current RMS to detect HIFs. This 

method detects HIFs by calculating a detection index (DI) and considering a threshold 

value. The proposed method was tested using DIgSILENT and MATLAB software in an 

IEEE standard 39-bus network. The presented results evidently demonstrate that the 

proposed method is suitable for detecting HIF and low impedance faults (LIFs). In 

addition, this method has a proper performance during capacitor bank switching and can 

well distinguish between HIFs and capacitive bank switching. Moreover, the presented 

method is resistant to noise and is also capable of detecting the faulty phase. 

 

I. Introduction 

A. Motivation 

Due to random nature and environmental conditions, the 

probability of fault that occurs is very high in power systems 

[1]. Therefore, power systems require a proper protection 

system. An ideal protection system that can operate accurately 

and timely can reduce damage to network equipment and even 

humans [2]. Among the various protection designs and relays, 

distance relays are an integral part of power system protection. 

Some desirable features of distance relays include simplicity, 

use of local voltage and current for fault detection, and fault 

locating capability [3]. Such characteristics have made 

distance relays a very beneficial means for power transmission 

line protection. Nevertheless, despite their numerous 

advantages, these relays also suffer from some shortcomings. 

One of the problems associated with distance relay algorithms 

is malfunctioning during high impedance faults (HIFs). Low 

current values and electric arcs distort the current during HIF. 

Besides, the current is very asymmetric and unstable during 
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HIF. In addition, the transient states of this type of fault are 

very similar to load switching and capacitive bank switching 

[4]. Failure to detect HIFs promptly may cause severe damage 

to network equipment and humans [5, 6]. 

B. Literature review 

Despite the importance of HIF detection in power 

transmission lines, most research in this field has focused on 

distribution systems in recent years. Although the main 

purpose of this paper is to detect HIFs on power transmission 

lines, HIF detection methods in distribution networks have 

also been explored to have a more thorough evaluation. 

Reference [1] employs discrete wavelet transform (DWT) 

and root mean square (RMS) values to identify and classify 

HIFs. Methods that use DWT require a high sampling rate for 

detection. In addition, this reference does not implement its 

method during signal noise [7]. In reference [8], the time-

domain of current waveforms is only analyzed using the 

Kullback-Leibler divergence similarity measure. Authors in 

this reference use a time-based criterion to correctly identify 

HIFs. Reference [9] uses time domain analysis to detect HIF. 

Reference [10] uses a transient switching method to detect 

HIFs. Although the performance of this method is suitable, it 

cannot detect the faulty phase. References [11, 12] use a 

combination of DWT, fuzzy logic, and artificial neural 

networks (ANN) to detect HIFs. Although intelligent methods 

are accurate, they must be trained with a variety of simulations. 

In addition, these methods may be sensitive to noise. 

Reference [13] presents an HIF detection scheme based on 

empirical mode decomposition (EMD) in a DC microgrid. 

Reference [14] presents a method based on changes in active 

and reactive power components for HIF detection in DC 

microgrids. 

This method may also respond differently in different 

networks. Reference [15] presents a method based on 

measuring the current at both ends of the transmission line and 

using differential protection. The main shortcoming of this 

method is its dependency on telecommunication platforms. 

Implementing telecommunication links will increase the fault 

detection time due to inheritance delay. Reference [16] uses 

correlation functions for fault detection. Mathematical 

morphology is used to identify HIFs in references [17, 18]. To 

implement such methods, relays suffer from heavy 

calculations. Reference [19] uses traveling waves to locate HIF. 

These methods require special equipment that increases the 

cost of implementing the protection system. In addition, in 

some studies on power swing detection, such as references [20-

22], the ability to detect HIF has been investigated as a case. 

In these studies, an appropriate HIF model is not implemented. 

In addition, these studies can only detect faults with 

impedances below 150 ohms. Studies on HIF diagnosis can be 

categorized from different perspectives, including method, 

sampling rate, sampling method, solution method, and so on. 

Table (1) presents some recent studies on HIF diagnosis and 

their differences from the present article.  

C. Contributions and organization 

As mentioned, HIF detection in power systems is an issue 

of great importance. Besides, speed and accuracy in HIF 

detection are also crucial. Reference [27] uses instantaneous 

frequency to detect power swings. This algorithm can detect a 

variety of faults in power systems with appropriate speed and 

accuracy at a sampling rate of 10 kHz. Although this article 

considers HIF as a case and HIF in the power system may have 

an impedance of more than 1000 [28], the approach presented 

in this paper cannot detect HIFs with values greater than 100 

ohms. In addition, as the transmission lines get longer, this 

method may face some challenges to detect HIFs that have 

occurred at a very long distance from the relay. The main 

objective of this article is to modify the algorithm presented in 

reference [27] to improve its performance in the event of an 

HIF. Besides being resistant to noise and not malfunctioning 

during capacitive bank and load switching, the proposed new 

algorithm still enjoys a good fault detection speed. The 

modified algorithm can also detect the faulty phase.  

This article is organized as follows. Section II formulates 

the problem. The simulation results are presented in Section II. 

Section IV compares the proposed method with similar 

research. Finally, the conclusion is presented in Section V. 

 

II. Proposed method  

To modify the algorithm presented in reference [27], the 

method of obtaining instantaneous frequency using the Hilbert 

transform should be investigated. For this purpose, this section 

describes the required relationships and the modified 

algorithm.  

A. Hilbert Transform and instantaneous frequency 

One of the most critical data in monitoring, protecting, and 

controlling power systems is frequency. Calculating the exact 

value of frequency for programs that are dependent on a quick 

response is an issue of great importance [29]. The conventional 

definition for instantaneous frequency (IF) is that IF is 

typically associated with the rate of change in phase angle. In 

this paper, IF is obtained using the Hilbert transform. Hilbert's 

transformation was first proposed by David Hilbert to 

characterize integral equations in physics and mathematics 

[30]. The Hilbert transform can be defined for a function as (1) 

[31-33]. 

1 ( )
[ ( )] ( )

x
H X t x t d

t


 







 

  (1) 

The Hilbert transform is a mathematical transformation 

function that shifts the phase of a signal by 90 degrees without 

changing the amplitude of the signal. In fact, in the Hilbert 

transformation, the phase of positive frequency components is 

shifted by + / 2 and the phase of negative frequency 

components is shifted by - / 2 . The Hilbert transform is an 

odd function and an even function.  
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TABLE I 

RECENT STUDIES ON HIF DIAGNOSIS 

Ref. Year  Method Voltage 
Detection / 

location 

Requirement 

for a 

telecommunica

tion link 

Dependence 

on network 

parameters 

Consideration 

of noise 

Consideration 

of load 

switching 

Consideration 

of capacitor 

bank switching 

Faulty 

phase 

detection 

[2] 2021 Impedance-based HV location ✓ ✓ ✓ × × ✓ 

[23] 2021 Robust faulted phase UHV Detection × × × × × × 

[24] 2021 
Power spectral 

density 
LV Detection × × ✓ ✓ ✓ × 

[25] 2020 Wavelet Transform HV Detection × × × × × × 

[26] 2020 Wavelet transform LV Detection × × ✓ ✓ ✓ × 

This 

paper 
- 

instantaneous 

frequency 
HV Detection × × ✓ ✓ ✓ ✓ 

For the Hilbert transform, it is enough to obtain the Fourier 

transform of the function and multiply it with the .sgn( )j f

function in the Fourier domain. Subsequently, the inverse 

Fourier transform of the function is calculated. The resulting 

function is the Hilbert transform. .sgn( )j f  is the transfer 

function in the Hilbert transform (in (2)). 

( ) .sgn( )H jw j w   (2) 

1 w>0

sgn( ) = 0 w=0

1 w<0

w






 
  

(3) 

The Hilbert transform is a linear operator, which consists of 

an input signal ( )f r and an output signal 1 ( )f r . If the 

frequency spectrum of an input and output signal were ( )f w  

and 1( )f w , respectively, the relationship between the 

frequency spectrum of the input and output signals would be 

similar to (4).  

1

1

1

( ) ( ). ( )

( ) ( )  for  w 0,

( ) ( )  for  w<0

F w H jw F w

F w jF w

F w jF w




  
  

 (4) 

In the space domain, the relationship between the input and 

output signals is expressed as a ( )g r composite function. 

( )g r is an analytic function whose imaginary part is equal to 

the Hilbert transform of its real part. 

1( ) ( ) ( ), ,g r f r jf r r x jz     (5) 

in which the Hilbert transform between the input and output 

signal in the space domain is defined as the mixture of the 

function in the input signal. 
1

( ) ( .sgn( )),h x F j w


   (6) 

1
( ) ,h x

x
  (7) 

1( ) ( )* ( ),f r h x f r  (8) 

1

1 ( )
( )

f
f r dv

x



 






  (9) 

Also, the phase angle can be achieved from (10) by the 

Hilbert transform. 

( ) ( ) ( )z t x t jy t   (10) 

where ( )z t  is a function of time with instantaneous 

magnitude. The values of ( )a t  and ( )t  can also be 

achieved using (11) and (12).  

2 2
( ) ( ) ( )a t x t y t   (11) 

( )
( ) arctan

( )

y t
t

x t


 
  

 
 (12) 

Although the definition provided is the most conventional 

and basic definition for IF, there are also other definitions. The 

IF obtained using the analytical signal and the Hilbert 

conversion provides a meaningful physical concept of the 

signal, which is the phase angle change rate.  

( )
d

t
dt


   (13) 

Equation (14) is used to obtain IF after applying the Hilbert 

conversion to the input signal [27]. 

  ( )
2

SF
F diff angle X t


   (14) 

B. HIF detection algorithm 

In the first stage, the algorithm samples the current signal 

and forms a signal window according to (15) [34].  

window length SF

F
  (15) 

where SF  is the sampling frequency and is equal to 10 kHz 

and F is the base frequency of the power system which is 

considered to be 60 Hz. It should be noted that since the 

proposed algorithm can detect the faulty phase, the sampling 

and all the steps described below are separately executed in all 

three phases. In the next step, by obtaining samples from the 

main current signal, the effective value of available data will 

be calculated using (16) [35]. 
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(16) 

Subsequently, according to the items mentioned in Section 

(II-A), IF is calculated along the signal window. After 

calculating the Hilbert transform and IF, a detection index (DI) 

should be calculated to detect the fault. Moving window 

averaging (MWA) is used to calculate the DI value. MWA is 

a low-pass filter applied to power system protection that is 

used for fault detection, fault direction detection, and faulty 

phase identification. This technique is less sensitive to noise in 

the signal. In MWA, the time domain of the continuous signal 

( )x t , for the 0T  length of the window is written as (17) [36].  

00

1
( ) ( )

t

t T

x t x t dt
T



   (17) 

The frequency response of the filter is the Fourier transform 

of the impulse response. 

0

02( ) sin
2

j T
T

X j e c







 
  

 
 (18) 

where sin ( ) sin( ) /c    .  

Equation (19) indicates how to calculate DI. 

0

02( ) sin
2

j T
T

X j e c







 
  

 
 (19) 

The fault detection condition can be written based on (20).  

HIF is detectedDI K   (20) 

where K is the threshold value obtained using various 

computer simulations. It is assumed to be 1.5 in this paper. The 

threshold value detection method used in this paper has already 

been discussed in references [3, 34]. 

With respect to the items expressed, the algorithm of the 

proposed method is provided in Fig. 1. 

 

III. Simulation results   

To simulate and test the method presented in different 

modes, the power system studied is simulated in Digsilent 

software. After analyzing the network in different cases, 

information is transferred from Digsilent software to 

MATLAB software to analyze and implement the proposed 

method. The protection algorithm presented in the previous 

section is implemented in the MATLAB m file and the desired 

outputs are received. 

A. The network study 

To test the proposed approach, an IEEE 39-bus system is 

implemented in this article. This network is a complex network 

with 10 synchronous generators. The specifications have made 

it very suitable for dynamic studies and the protection of power 

systems. Fig. 2 shows a single-line diagram of this network. 

The protection relay is installed on bus 26 to protect lines 29-

26. The length of the protected line is 247.9688 km. This line 

is also parallel to lines 26-28 and 28-29. The length of the line, 

as well as the effects of the parallel lines, has made it very 

suitable for testing the proposed method. 

 

 
Fig. 1. The algorithm proposed for detecting HIF and 

determining the faulty phase. 
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Fig. 2. The single-line diagram of the network. 

 

B. Case1: HIF detection 

Generally, power systems are exposed to various 

disturbances and anomalies that will highly affect their proper 

functioning. Among various faults, HIFs can be very 

challenging for power systems. During an HIF, the fault 

current is so limited; this amplitude can be very close to the 

capacitive bank switching current. Therefore, regular 

protection schemes cannot correctly detect this type of fault 

[37, 38]. For this reason, some other approaches are required 

to detect HIF and distinguish it from other regular power 

system events. The operation of the proposed method during 

HIF is described in this section and its performance during 

capacitive bank switching is presented in Section (III-D). 

 To evaluate the performance of the proposed method 

during a variety of HIFs, a single-phase HIF (the fault is 

applied to phase A) with R = 500 Ω and X = 50 Ω is first 

applied on 50% of the protected line. Fig. 3 shows the 

performance of the proposed method during this type of fault. 

According to this figure, after applying the fault, DI obtained 

in the final stage of the algorithm (Fig. 1) exceeded the 

threshold value, and the proposed algorithm sent the trip 

command within 9.72 ms. The algorithm also detected the 

faulty phase and sent the trip command only for phase A. 

As mentioned earlier, HIF impedance may sometimes reach 

up to 1000 ohms. For this reason, an HIF with the same fault 

specifications and with the only difference that its fault 

impedance is 1000 ohms is implemented in the network. Fig. 

4 shows the performance of the proposed algorithm during the 

HIF fault with R = 1000 Ω and X = 100 Ω. According to this 

figure, the algorithm could detect the fault in about 8 ms. The 

algorithm also detected the faulty phase, and the trip command 

was sent only to phase A. 

 
Fig. 3. Performance of the proposed method during a single-

phase HIF fault with R = 500 Ω and X = 50 Ω, a) DI, b) Trip 

signal. 

 
Fig. 4. Performance of the proposed method during a single-

phase HIF with R = 1000 Ω and X = 100 Ω, a) DI, b) Trip signal. 

 

As mentioned, the proposed algorithm can detect different 

HIF types. To validate this issue, a three-phase HIF with R = 

500 Ω and X = 50 Ω was applied to the protected line in 1.5 s 

(Fig. 5). In another case, to investigate a fault with 1000 ohm 

impedance, a three-phase HIF with R = 1000 Ω and X = 100 

Ω was applied to the protected line (Fig. 6). Evidently, the 

proposed method could detect the three-phase HIF. As can be 

seen, at this stage, the trip signal was sent to all three phases. 

According to Fig. 5, the trip command was sent within 11.9 ms, 

but in the three-phase HIF case with R = 1000 ohm and X = 

100 ohms, the trip time was increased to 11.9 ms. Although the 

detection time of the algorithm was increased in this case, the 

detection time was still appropriate.  
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Fig. 5. Performance of the proposed method at the time of a 

three-phase HIF fault with R = 500 Ω and X = 50 Ω, a) DI, b) 

Trip signal. 

 

 
Fig. 6. Performance of the proposed method at the time of a 

three-phase HIF fault with R = 1000 Ω and X = 100 Ω, a) DI, b) 

Trip signal. 

 

Figure 7 shows the performance of the proposed algorithm 

during various types of fault impedance angles. As it is clear 

from this figure, by changing the fault impedance angle, the 

performance of the proposed method has been appropriate. 

A reverse fault current condition will occur when a fault 

occurs on one of the lines adjacent to the protected line. It 

should be mentioned that the presented method should only 

detect faults on the protected line and not other lines (detection 

of faults on adjacent lines may cause malfunction of the 

protection coordination, cascading outage of the transmission 

lines and even the network blackout). To further analyze this 

issue, a high impedance fault with R=500 Ω and X=50 Ω is 

placed on 50% of line 26-27. This causes the protection relay 

of line 26-29 to see a reverse current. Figure 8 shows the result 

of this test. As it is clear from this figure, since the fault is in 

the adjacent line, the relay did not operate. In fact, it can be 

said that the presented method works in a directional manner, 

which is considered as a positive feature for distance relays. 

 
Fig. 7. The performance of the proposed method during different 

angles of fault impedance. 

 
Fig. 8. Performance of the proposed method during a fault in 

adjacent lines 

 

The impedance of a fault measured in the distance relay may 

become negative (i.e., a capacitator fault) in the compensated 

serial lines. Therefore, fault detection methods must be able to 

identify this type of fault, which was analyzed in this section. 

The fault was applied to 50% of the protected line at 1 s with 

different impedance angles. Figure 9 reports the test results. 

Accordingly, DI exceeded the threshold in all four cases, and 

the fault was detected correctly. 

 
Fig. 9. The performance of the proposed method during different 

negative angles of fault impedance. 
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Fault angles can also affect the performance of HIF 

detection methods to some extent. For this reason, the effect of 

fault types and fault angles was also investigated. The results 

of this study are presented in Table 2. According to this table, 

the proposed method has a good performance for fault angles 

of 0, 30, and 90 degrees for different types of faults. 

  

TABLE 2 

PERFORMANCE OF THE PRESENTED METHOD IN 

DIFFERENT ANGLES OF HIF. 
Detection time 

(ms) 

Fault 

angle 
Impedance 

Fault 

type 

9.7 0 R=100 Ω, X=10 Ω 

A-G 9.8 30 R=100 Ω, X=10 Ω 

9.7 90 R=100 Ω, X=10 Ω 

9.7 0 R=200 Ω, X=20 Ω 

B-G 9.7 30 R=200 Ω, X=20 Ω 

9.9 90 R=200 Ω, X=20 Ω 

9.7 0 R=300 Ω, X=30 Ω 

C-G 9.8 30 R=300 Ω, X=30 Ω 

9.7 90 R=300 Ω, X=30 Ω 

11.9 0 R=400 Ω, X=40 Ω 

A-B-G 11.9 30 R=400 Ω, X=40 Ω 

11.9 90 R=400 Ω, X=40 Ω 

11.7 0 R=500 Ω, X=50 Ω 

A-C-G 11.9 30 R=500 Ω, X=50 Ω 

11.9 90 R=500 Ω, X=50 Ω 

11.9 0 R=1000 Ω, X=100 Ω 

B-C-G 11.8 30 R=1000 Ω, X=100 Ω 

11.9 90 R=1000 Ω, X=100 Ω 

11.9 0 R=1000 Ω, X=100 Ω 

A-B-C 11.8 30 R=1000 Ω, X=100 Ω 

11.9 90 R=1000 Ω, X=100 Ω 

 

C. Case 2: LIF detection 

As was previously observed, the proposed algorithm can 

properly detect HIF. But to have a comprehensive protection 

algorithm, it should be able to detect low impedance fault (LIF) 

as well. To evaluate the performance of the proposed method 

in the LIF situation, a single-phase fault and a three-phase fault 

were applied to the protected line after 1.5 s. Figs. 10 and 11 

illustrate the test results of the method provided during LIF 

faults. Obviously, the proposed algorithm correctly detected 

LIF. The only shortcoming of this algorithm is the lack of 

faulty phase detection and therefore the trip command was sent 

for all three phases (Fig. 10). Tackling this problem can be a 

suitable topic for further studies in this field. 

As mentioned before, fault angle variations can significantly 

affect fault detection algorithms. Thus, the effects of different 

types of LIF and fault angles were also investigated. The 

results of this study are presented in Table 3 according to 

which the proposed method has a good performance for fault 

angles of 0, 30, and 90 degrees for different faults. 

 
Fig. 10. Performance of the proposed method during a single-

phase LIF, a) DI, b) Trip signal. 

 

 
Fig. 11. Performance of the proposed method during a three-

phase LIF, a) DI, b) Trip signal. 

 

D. Case 3: Capacitive bank switching 

As described earlier, current amplitude variations during 

HIF can be very similar to capacitive bank switching. For this 

reason, this section analyzes the performance of the proposed 

method during a capacitive bank switching. First, the 

performance of the proposed method during capacitive bank 

switching with RRP = 1 Mvar is investigated, and the results 

are illustrated in Fig. 12. The performance of the method 

during capacitive bank switching with RRP = 10 Mvar is also 

investigated and presented in Fig. 13. According to Figs. 12 

and 10, during capacitive bank switching (1.5 seconds from the 

start of the simulation), the DI value has not exceeded the 

threshold value and the trip command is not issued. These two 

figures and the results obtained from previous tests prove that 

the proposed algorithm can appropriately distinguish between 
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capacitive bank switching, HIF, and LIF. Table 3 shows the 

performance of the presented method during all types of low-

impedance faults. As it is clear from this table, the presented 

method has been able to quickly detect different types of low 

impedance faults. 

TABLE 3 

PERFORMANCE OF THE PRESENTED METHOD FOR 

DIFFERENT LIF ANGLES. 
Detection time 

(ms) 

Fault 

angle 
Impedance 

Fault 

type 

16.1 0 R=0 Ω, X=0 Ω 

A-G 16.2 30 R=0 Ω, X=0 Ω 

16.1 90 R=0 Ω, X=0 Ω 

16.1 0 R=0 Ω, X=0 Ω 

B-G 16.3 30 R=0 Ω, X=0 Ω 

16.1 90 R=0 Ω, X=0 Ω 

16.2 0 R=0 Ω, X=0 Ω 

C-G 16.1 30 R=0 Ω, X=0 Ω 

16.1 90 R=0 Ω, X=0 Ω 

18.2 0 R=0 Ω, X=0 Ω 

A-B-G 18.3 30 R=0 Ω, X=0 Ω 

18.4 90 R=0 Ω, X=0 Ω 

18.3 0 R=0 Ω, X=0 Ω 

A-C-G 18.3 30 R=0 Ω, X=0 Ω 

18.1 90 R=0 Ω, X=0 Ω 

18.3 0 R=0 Ω, X=0 Ω 

B-C-G 18.3 30 R=0 Ω, X=0 Ω 

18.3 90 R=0 Ω, X=0 Ω 

18.2 0 R=0 Ω, X=0 Ω 

A-B-C 18.3 30 R=0 Ω, X=0 Ω 

18.3 90 R=0 Ω, X=0 Ω 

 

 
Fig. 12. Performance of the proposed method during capacitive 

bank switching with RRP = 1 MVar, a) DI, b) Trip signal. 

 
Fig. 13. Performance of the proposed method during capacitive 

bank switching with RRP = 10 MVar, a) DI, b) Trip signal. 

 

E. Case 4: Noisy signal 

In the real world, it is impossible to build a system without 

noise. Of course, it is possible to reduce the noise in the system 

by using solutions, but this noise will never reach zero. For this 

reason, it is best to design protection algorithms that are noise-

resistant. White Gaussian noise is one of the types of noise that 

is widely used to investigate the effect of noise on protection 

algorithms [39]. White noise is generally referred to as a signal 

whose power is evenly distributed across all frequencies. 

White noise is inherently a Stochastic process. It is, therefore, 

a statistical model for signals and signal sources, not a specific 

signal. White Gaussian noise is any discrete signal at a time 

whose samples are a sequence of uncorrelated random 

variables with a mean of zero and finite variance. In this paper, 

white Gaussian noise with SNR = 10, 20, and 30 dB and 

Variance = 0.05 is used to test the proposed method. Figure 14 

shows the performance of the method presented in different 

conditions when the signal is noisy. As it is clear from this 

figure, the proposed method has been able to detect different 

events simultaneously with noise. 

F. Case 5: Wind turbine 

To investigate the performance of the proposed method in a 

wind turbine case in an IEEE 39 bus network, two 500 and 

400-MVA wind farms with a power factor of 0.8 are connected 

to bus 26 and two wind farms with similar specifications are 

connected to bus 29. The employed wind energy conversion 

system is a doubly-fed induction generator (DFIG). 

Subsequently, a three-phase fault with R=1000 Ω and X=100 

Ω is placed in 50% of lines 26-29 in 1.5 seconds. Fig. 15 shows 

the test results of this fault in the network and in the presence 

of a wind turbine. As it is clear from this figure, the proposed 

method has been able to detect the high impedance fault in the 

presence of the wind turbine. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 14. Performance of the proposed method when the signal 

is noisy a) HIF with R = 500 Ω and X = 50 Ω b) HIF with R = 

1000 Ω and X = 100 Ω c) capacitor bank switching with RRP 

= 1 Mvar d) capacitor bank switching with RRP = 10 Mvar. 

 

 
Fig. 15. The performance of the proposed method in the 

existence of a wind turbine in the studied network, a) DI, b) Trip 

signal. 

 

G. Case 6: Two-area network 

The single-line diagram of the two-area network is 

presented in Fig. 16. Accordingly, to protect line 1, the 

protection relay is connected to bus 7. To investigate the 

performance of this network during faults, a variety of HIFs 

are placed on 50% of line 1. The results of the HIF tests are 

presented in Table 4. 

 
Fig. 16. The single-line diagram of the standard two-area 

network. 

 

TABLE 4 

PERFORMANCE OF THE PRESENTED METHOD IN 

DIFFERENT ANGLES OF HIF IN THE TWO-AREA 

NETWORK. 
Detection 

time (ms) 

Fault 

angle 
Impedance 

Fault 

type 

9.8 0 R=100 Ω, X=10 Ω 

A-G 9.7 30 R=100 Ω, X=10 Ω 

9.8 90 R=100 Ω, X=10 Ω 

9.7 0 R=200 Ω, X=20 Ω 

B-G 9.8 30 R=200 Ω, X=20 Ω 

9.7 90 R=200 Ω, X=20 Ω 

9.7 0 R=300 Ω, X=30 Ω 

C-G 9.7 30 R=300 Ω, X=30 Ω 

9.8 90 R=300 Ω, X=30 Ω 

12.1 0 R=400 Ω, X=40 Ω 

A-B-G 12.1 30 R=400 Ω, X=40 Ω 

12.2 90 R=400 Ω, X=40 Ω 

12.1 0 R=500 Ω, X=50 Ω 

A-C-G 12.1 30 R=500 Ω, X=50 Ω 

122 90 R=500 Ω, X=50 Ω 

12.1 0 R=1000 Ω, X=100 Ω 

B-C-G 12.1 30 R=1000 Ω, X=100 Ω 

12.3 90 R=1000 Ω, X=100 Ω 

12.1 0 R=1000 Ω, X=100 Ω 

A-B-C 12.3 30 R=1000 Ω, X=100 Ω 

12.1 90 R=1000 Ω, X=100 Ω 
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IV. Conclusions 
 

Faults are very likely to happen in power systems due to 

their accidental nature and environmental conditions. 

Therefore, power systems are in dire need of a proper 

protection system. A proper protection system with proper and 

timely operation can reduce damage to network equipment and 

even humans. Among the various protection designs and relays, 

distance relays are an integral part of the protection of power 

systems. These relays have desirable features such as 

simplicity, use of local voltage and current for fault detection, 

and fault locating capability. The distance relay features make 

it very suitable for protecting power transmission lines. But, 

despite the many advantages they provide, distance relays 

protection algorithms also have some shortcomings. For 

instance, they may malfunction during HIF. 

For this reason, this paper presents a new method based on 

the Hilbert conversion and instantaneous frequency for HIF 

detection. The proposed method has been tested in an IEEE 

standard 39 bus network in different conditions of HIF, LIF, 

and capacitive bank switching. The results prove the 

applicability of the proposed method. Furthermore, the 

proposed method is resistant to white Gaussian noise and 

operates appropriately during signal noise. 
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