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Abstract— High-impedance faults (HIFs) on power transmission 

systems are one of the great challenges to protection engineers. 

HIFs do not cause that much fault current to be detected by 

conventional relays. This paper presents an algorithm for high 

impedance fault detection and zone discrimination in high 

voltage transmission lines which is evaluated by EMTP 

simulation studies. The scheme recognizes the distortion of 

voltage and current waveforms caused by HIF. Wavelet packet 

transform (WPT) is firstly applied to extract the special features 

of three phase voltages and currents in the high frequency range 

which are sent to a classifier for fault detection and zone 

discrimination. The classifier is based on an algorithm that uses a 

recursive method to add up the absolute values of the high 

frequency signal coefficients generated over one last cycle and 

shifting one sample. Several simulation results, which are 

obtained using an appropriate model, obviously show that the 

proposed technique can accurately recognize the HIF in overhead 

transmission lines. Efficiency of the proposed algorithm from the 

viewpoints of dependability and security of HIF detection is 

verified by a comprehensive simulation study. 
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I.  INTRODUCTION 

High impedance faults (HIFs) are difficult to be detected 
by the conventional protection relays since in this case the 
fault current is usually lower than the nominal current of the 
system due to contact with a poor conductive surface. 
Therefore, it is difficult for a conventional relay to detect and 
trip HIFs. The failure of HIF detection may cause problems 
such as fire and danger to the public [1]. 

HIFs on electrical transmission lines include arcing and 
nonlinear characteristics of fault impedance, which cause 
periodical transients and distortion. Hence, the objective of 
most detection systems is to assess the special features in 
shapes of the voltages and currents in HIFs [2]. 

Several researchers in recent years have presented many 
different techniques for detecting HIF more efficiently. These 
algorithms include discrete wavelet transform [1-4], down-
conductor fault detection and location based on voltage signals 
[5], and development of a fuzzy inference system based on 
genetic algorithm [6]. In [7] a technique has been proposed to 
discriminate between the HIF and normal system operation by 
combining a preprocessing module based on wavelet packet 

transform with an artificial neural network (ANN). In [8], an 
HIF detection method has been demonstrated and an 
appropriate arc model for extra high voltage (EHV) lines is 
used. This method uses the Discrete Wavelet Transform 
(DWT) technique. However, due to the wide range of 
spectrum in first details of transform, many mal-operations 
occur as a result of other transient phenomena such as 
switching and nonlinear loads. In [1], DWT is used to apply a 
pattern recognition-based method for HIF detection in 
distribution networks. The RMS values of different resolution 
levels of both voltage and current signals are fed to the 
classifier to discriminate HIF from other similar transient 
waveforms. In [9] a method is introduced, with aid of some 
extra equipment, which is not suitable because of high capital 
cost. In [10] and [11] a method was based on current 
asymmetry, but in some cases normal operation has same 
behavior as HIF current waveforms. In [12] the algorithm was 
based on feeder impulse response but it was not accurate due 
to any change in feeder and network. 

This paper proposes a fault detection technique for HIF in 
transmission lines. This technique applies voltage and current 
signals supplied by voltage and current transformers, 
respectively. The detection process is executed through signal 
decomposition and then thresholding of the wavelet packet 
transform coefficients during a specific time interval. This 
process, by means of limited but efficient frequency spectrum, 
due to WPT, forms the basis of comprehensive decision logic. 
The main objective of this logic is to decrease the mal-
operations of relays in transient conditions. 

The HIF detection method proposed in this paper is tested 
using EMTP modeling, to evaluate its performance. The 
EMTP simulation results demonstrate that the proposed 
scheme provides precise fault detection in transmission lines. 
The results also clearly show that the fault detection method is 
not sensitive to fault type, fault location, fault current and fault 
inception angle. The zone discrimination module clearly 
discriminates between internal and external faults. 

 

II. HIGH IMPEDANCE FAULT MODEL 

The HIF is a very complex phenomenon incorporating a 
highly nonlinear behavior. Specific characteristics in their 
transient and steady-state regimes make them identifiable. The 



 
Figure 1.  HIF model based on the Emanuel arc model 

 
Figure 2.  Tree decomposition of the proposed wavelet packet analysis. 

most important and significant characteristics are known as 
build-up, shoulder, nonlinearity and asymmetry. In the build-
up stage, HIF current progressively increases until it reaches 
the steady-state value. During the build-up stage, HIF current 
may stop increasing for a few cycles and then continue to 
increase again. This stage is known as the shoulder. Of course 
the shoulder phase may not appear in some cases. The build-
up and shoulder phases are transient attributes which finish 
after a few cycles. Presence of odd harmonics produces non-
linearity features. While, presence of DC offset and 
asymmetric currents in the positive and negative half cycles 
produces the asymmetry feature of the current signal [15]. It is 
worth mentioning that in an HIF, the surface which is in 
contact with the live conductor, presents different behaviors 
for negative and positive waveforms. This behavior is 
modeled by different DC sources in the HIF model, as 
depicted in Fig.1. 

The HIF model used in this paper include all characteristics 
of HIFs except shoulder. This model supports all frequency 
components due to the recorded HIF current and voltage from 
many different experimental data on a distribution and 
transmission system. This model simulates the first eight cycles 
of high impedance fault [16]. Fig. 1 shows the applied HIF 
model. 

III. WAVELET PACKET TRANSFORM 

The wavelet packet method is a generalization of wavelet 
decomposition that offers a wide range of capabilities for 
signal analysis. In discrete wavelet analysis, a signal is split 
into approximation and detail coefficients by passing through 
low-pass and high-pass filters in the first level of 

decomposition, respectively. The approximation is then split 
into a second-level approximation and detail, and the process 
is repeated. In WPT, a signal is split into an approximation 
and a detail in the first level as it is in DWT. However, in the 
upper levels both details and approximations are decomposed 
further. This approach forms a binary tree, as depicted in Fig. 
2. 

Starting with the sample signal, the first level 
decomposition will produce d1 and a1 like DWT. It should be 
noticed that in the wavelet packet analysis, a1 and d1 are 
called node 1 and 2, respectively. 

The second level decomposition will produce sub-bands 
due to the decomposition of both d1 and a1. In all levels the 
same set of filters are used as in the first level decomposition. 
These four sub-bands are named (2, 0), (2, 1), (2, 2) and (2, 3) 
which are designated as nodes 3, 4, 5 and 6, respectively, as 
shown in Fig. 2 [13,14]. Therefore, the discrete wavelet 
decomposition is a sub-tree of the wavelet packet 
decomposition tree. 

The main and most significant advantages of the WPT 
over other types of wavelet transforms are the accurate and 
detailed representation of the decomposed signals in limited 
spectrum. Wavelet basis functions are localized in time 
offering better signal approximation and decomposition [7]. 

IV. FAULT DETECTION ALGORITHM 

This algorithm is based on analyzing the data obtained 
from voltage and current transformers. High frequency 
information of signals is extracted by wavelet transform, using 
the Daubechies wavelet (db4) [17]. Fig. 3 shows the algorithm 
flowchart. Based on the results of various simulations in 
different conditions, the most appropriate sub-band (node) for 
fault detection is (4,15) or the 30

th
 node. Sa, Sb and Sc are the 

sum of 30
th

 node coefficients during the last cycle, for A, B 
and C phases, respectively. Due to the 200 kHz sampling 
frequency, each cycle consist of 4000 samples. The 30

th
 node 

is calculated for each sample and the sum is calculated for 1 
cycle time interval. After calculating Sa, Sb and Sc, the 
absolute values of Sa-Sb, Sb-Sc, Sc-Sa are compared with a 
threshold value named Sth. If any of these absolute values is 
more than Sth, the algorithm checks if this condition continues 
for one cycle. If so, it is recognized as a high impedance fault. 
In Fig. 3 “F” is counter that that counts samples. The value of 
“F” increases and as soon as it exceeds “T” (number of 
samples in one cycle) this part of the algorithm raises a flag. 
This flag means that a fault has occurred. This process is 
known as the fault detection part of the algorithm. In addition 
to the fault detection, a zone discrimination facility is also 
required to attain a secure protective scheme.  

Zone discrimination part of the algorithm is based on the 
current signals provided by CTs. In this part, (4,0) elements of 
WPT coefficients of Ia, Ib, Ic , i.e. the 15

th
 node, is applied for 

discrimination. This is based on numerous simulation studies 
in different conditions. Averages of the sum values of these 
coefficients are calculated during the last cycle. These 
averages are named Aa, Ab and Ac. If any of these values 
exceed a predefined threshold value, the fault is interpreted as 
internal, by the zone discrimination module. Whenever both 
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Figure 3.  Flowchart of the proposed algorithm 

fault detection and zone discrimination modules operate, a trip 
command is issued by the relay. 

The algorithm is also capable of providing backup 
protection for the downstream relays, if the specific threshold 
values are defined for this purpose 

V. SIMULATION RESULTS AND ANALYSIS 

In this paper simulation studies are performed on a sample 
system modeled in EMTP. The system is depicted in Fig. 4. As 
shown in the figure, two transmission lines are modeled in 
series. This way, capability of the algorithm for both internal 



 

Figure 4.  The simulated system 

 

 

Figure 5.  Current and voltage signals for a fault occurring at 60 ms 

 

Figure 6.  Sa-Sb for different fault inception angles 

 

Figure 7.  Effect of fault location 

and external faults would be evaluated. AB is the main 
protected line, while BC is the adjacent line. HIFs are 
simulated in different locations with different fault inception 
angles. Fig. 5 shows the current and voltage signals for fault 
occurring at the instant of 60 ms. 

In the following subsections, performance of the algorithm 
is analyzed in different conditions. In this study, effects of fault 
location, fault inception angle and fault type will be considered. 

 

A. Effect Of Fault Inception Angle  

Fig. 6 depicts the difference value of Sa-Sb for different 
fault inception angles. The fault location is 30km distant from 
the sending end. The fault type is single phase to ground HIF 
on phase A. Fig. 6 shows that if the threshold value is set to be 
800, the value of sum will be greater than the threshold value 
for all fault inception angles. This threshold value is also 
appropriate for other fault locations. 

 

B. Effect Of Fault location 

Fig. 7 depicts the effect of fault location on the sum values. 
As shown in the figure, the values are a function of fault 
location. Different fault locations are tested on both the 
protected and adjacent lines. Faults on the line AB are internal 
faults, whereas faults on the line BC are external faults. In all 
cases the fault type is single phase to ground and the fault 
inception angle is 75 degrees. According to this figure, the 

threshold value should be set less than 1000, in order to detect 
all internal faults. However, assuming this threshold value, 
some external faults are also detected by the algorithm. Since 
this figure depicts the values of sum for the fault detection 
module, this is acceptable. This module is supposed to detect a 
fault, either internal or external, has occurred. Security of the 
algorithm is attained by the zone discrimination module which 
will be discussed in the next part. 

C. Zone Discrimination 

Fig. 8 shows the average of sum values for the 15
th

 node 
current signal coefficients. Again separate single phase to 
ground faults with 75 degree fault inception angle occur at 
different fault locations on both protected and adjacent lines.  
As shown in the figure, minimum value of sum for internal 
faults is significantly greater than the maximum value of sum 
for external faults. Therefore a correct discrimination is 
obtainable. 

D. Speed Of The Algorithm 

Fig. 9 shows the absolute value of Sa-Sb, Sb-Sc, Sc-Sa 
before and after the fault. In this case, phase A to ground fault 
occurs at 30km from the sending end with 75 degree inception 
angle.  As shown in the figure, fault is detected in less than 
0.005s. This short delay proves that the algorithm is suitable 
for real time application. However, to allow for the operation 
of zone discrimination module and also to increase security of 
the protective scheme, a minimum time delay should be 
applied to the algorithm.  



 

Figure 8.  Performance of the zone discrimination module 

 

Figure 9.  Performance of the fault detection module for an internal fault 

 

 

Figure 10.  Transmission line tower configuration 

 

E. Faulted Phase Identification 

Fig. 9 shows that for phase A fault, a significant change is 
observed in the values of Sa-Sb and Sc-Sa. Similarly, for 
phase B fault, the significant change is observed in the values 
of Sa-Sb and Sb-Sc. This way, for the single phase to ground 

faults, it is possible to identify the faulted phase. Therefore the 
algorithm is also suitable for the applications where single 
pole auto reclosing is required. 

VI. CONCLUSION 

This paper present a new algorithm for transmission line 
fault detection under high impedance faults, based on the 
wavelet packet transform. The WPT-based proposed technique 
has some significant advantages over the traditional techniques. 
The following important points should be considered about this 
algorithm: 

• The algorithm is based on WPT which it is accurate 
and, due to the limited spectrum, its security and 
dependability is very high. 

• It is not sensitive to fault location, fault inception 
angle, fault type and fault impedance.  

• Based on the WPT of voltage signals, the fault 
detection module of the algorithm may detect both 
internal and external faults. 

• Based on the WPT of current signals, the zone 
discrimination module of the algorithm discriminates 
between internal and external faults. This way, the 
required security is provided for the algorithm. 

• Since the fault detection module of the algorithm 
detects both internal and external faults, the scheme 
may provide a delayed backup protection for adjacent 
lines. 

• The algorithm is not sensitive to the normal changes in 
the power flow of the line. 

• The algorithm is capable of identifying the faulted 
phase, during single phase faults. This way, the single 
pole tripping and auto-reclosing facility is supported by 
the algorithm. 

• The algorithm is fast. It detects HIF in less than 0.005s. 

APPENDIX  

The JMARTI model of transmission line is used in this 
paper. A typical transmission tower, used in simulations, 
parameters is shown in Fig. 10. The main conductor type is 
ACSR and radios of conductor is 28.62(cm) and each phase 
include 3 conductor bundled by 20(cm).The earth conductor 
radios considered 14(cm) and each tower has two earth wires 
[8]. 
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