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Abstract— Detection of High Impedance Faults mainly in 

distribution systems is a troublesome and challenging task that 

has caught researcher’s attraction over past years. The random 

behavior of HIF current, as well as its low magnitude, causes 

difficulties in the detection of faults by conventional fault 

detection methods. Conventional distance relays, overcurrent 

relays, and ground fault relays cannot be used for HIF detection 

due to its sensitivity and selectivity issue owing to the low value of 

fault current. There are several Signal processing techniques 

available for HIF detection such as Fourier transforms, wavelet 

transforms. In this paper, S-Transform has been used for feature 

extraction from the voltage signals simulated under different 

fault conditions in a power system network. S -Transform has the 

combined features of FFT and Wavelet Transform and is very 

popular in analysis of transient signals. High Impedance Faults 

for different values of fault resistances and fault locations have 

been simulated. The effect of noise on the features extracted has 

been also studied. All the simulations have been done in 

MATLAB. 

 

Keywords— Feature extraction, High Impedance Fault (HIF), 

S-Transform. 

I. INTRODUCTION 

Fast and accurate detection of faults allows relays to isolate 
the faulty part from the system which is essential for the 
protection of equipment and maintain continuity of power 
supply to healthy part of system. Additionally, accurate fault 
classification also provides significant information regarding 
the location of fault that accelerates up the repair works. High 
Impedance faults mainly occur in transmission and distribution 
lines and represent a persistent issue in power system. HIF 
occurs when an overhead line makes contact with a tree branch 
or when a broken conductor makes contact with ground or a 
crane [1]. This fault is characterized by having an impedance 
that is sufficiently high and remains undetected by common 
protection methods such as overcurrent relays fuses etc. The 
arcing behaviour of High Impedance fault causes a random 
change in effective impedance and the magnitude of fault 
current becomes uncontrolled in nature. Variations in the 50Hz 
and harmonic components occur in conjunction with the HIF. 
Due to the dynamics of fault arc, these variations are not 
stationary, but rather time varying [2]. The fault current in HIF 
might range from zero to overcurrent relay’s pickup setting. As 
a result, HIF will not be detected by overcurrent relays. 
Energized conductors may fall within the reach of employees if 
this type of fault occurs. Furthermore, because arcing 
frequently occurs with these faults, it provides a fire threat. As 
a result, detecting HIF is vital from standpoint of both public 
safety and operational reliability. The methods of detecting, 
classifying and locating faults in power transmission networks 

have been thoroughly studied. Efforts are underway to develop 
an intelligent protection system capable of properly detecting, 
classifying and localizing defects. Researchers have been able 
to adopt a more complete and dedicated approach in studies 
related with conventional fault protection solutions thanks to 
advancements in signal processing techniques, artificial 
intelligence and machine learning. Furthermore, two well-
known shortcomings of online mechanism of fault detection 
are addressed. The difficulty in acquiring the necessary data is 
the first limitation. To overcome this, Intelligent Electronic 
Devices (IED) are used to gather information at different buses 
in grids [3]-[4]. These technological improvements ensure that 
online monitoring methods based on sensor networks respond 
quickly to problematic events and that they function properly. 
Fault detection based on feature extraction using signal 
processing techniques has been established to be fast, accurate 
and convenient. There are several signal processing tools like 
Fast Fourier Transform (FFT), Wavelet Transform (WT) and 
S-Transform (ST). WT has been implemented in [5]-[8] for 
fault detection in transmission in which different kinds of 
signal features have been extracted for fault classification. 
Different versions of FFT have been employed in [9]-[12] for 
fault classification in transmission lines. In the present paper, 
ST has been used for feature extraction from the voltage 
signals under different fault conditions. An overview of ST has 
been given in section II. The simulation of the power system 
network and the different fault conditions have been explained 
in section III. The method of feature extraction using ST and 
the effect of noise on the magnitude of the features has been 
discussed in section IV. Results and discussion have been 
given in section V. Conclusion and future scope of work have 
been provided in section VI.  

II. OVERVIEW OF S-TRANSFORM 

The S-transform (ST) can be obtained as a short-time 
Fourier transform (STFT) with a frequency-dependent window 
width, or as a phase correction to the wavelet transform. When 
compared to the STFT and the WT, ST has certain distinct 
advantages. The S-transform can be used to get local spectral 
properties, which is important for accelerating transients [13]-
[14]. The ST is utilized to alleviate the drawbacks of the DWT, 
such as its sensitivity to noise and inability to precisely show 
harmonic features [15]-[16]. Defective lines and sections were 
chosen using S-transform contour energy and standard 
deviation, respectively [17]. ST was utilized to determine the 
amplitude, impedance, and fault sites by S. Samantaray et al. 
[18]. Discrete ST of a time series generates a complex 
matrix(S-matrix). The rows of S-matrix are the frequencies and 
the columns are the corresponding times and each column 
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represents the local spectrum at one point in time. S-Transform 
of a discrete time series h (k, T) is given by equation (1).  

  (1) 

  

 

N=Signal Length 

T=Sampling Time interval 

where j, m=0,1,2, ……. N-1 and n=1, 2, …. N-1 

 

III. SIMULATION OF POWER SYSTEM NETWORK 

AND HIGH IMPEDANCE FAULTS 

A. Simulation of power system network for study 

A 400 kV. 50Hz three phase system is shown in Fig.1. In 
this system, B1 and B2 are sending end and receiving end 
buses connected by a three-phase transmission line of length 
300Km. 

 

Fig. 1. Single Line diagram of 400 kV, 50 Hz, 3-phase power system 
network 

TABLE I.         SYSTEM PARAMETERS 

The parameters of the system are given in TABLE I. The 
total time period of simulation in MATLAB is 0.04 sec.  

B. Simulation of power system faults 

The following ten types of faults have been simulated in 
steps of 10 Km from sending end (B1) of power system 
network as shown in Fig 1. 

1. L-G Faults: AG, BG, CG. 

2. L-L Faults: AB, BC, CA. 

3. L-L-G Faults: ABG, BCG, CAG. 

4. L-L-L Faults: ABC. 

As it is required to simulate the High Impedance Fault, the 
fault resistance has been considered to be 200 ohms, 500 ohms, 
and 1000 ohms. The voltage waveforms for two types of fault 
conditions have been shown in Fig. 2. 

 
(a) 

 
(b) 

Fig. 2. Plots of Three phase voltage waveform during (a) AG type (b) AB 

type of fault occurring at 100 Km from B1 in the power system network with 

Fault resistance=500ohms 

IV. APPLICATION OF S-TRANSFORM IN ANALYSIS 

OF HIGH IMPEDANCE FAULTS 

A. Selection of features 

In the present study, S-Transform is applied on voltage 
signal for each phase. After a signal is processed by S-
Transform, suitable features are needed to be extracted. A 
successful outcome depends on the nature of features that are 
extracted. The choice of features should be done in such a way 
that the desired output is obtained with acceptable accuracy.  

S-Transform is implemented on voltage signal of each 
phase. The output of S-Transform of each voltage signal of 
each phase is a complex matrix, S-matrix. The size of S-matrix 
is 257x512 where as the number of samples for each voltage 
signal is 512. The absolute value of S-matrix of each phase is 
obtained. The maximum value of each row of absolute matrix 
is obtained and the size of matrix is 1x257(row matrix). 

System 

Components  
Specifications 

Generator  Impedance = (0.2+j4.49) Ω, X/R 

ratio = 22.45. 

Transmission 

Line 
Length: 300 Km, R1 = 

0.02336Ω/km, 

R2 = 0.02336Ω/km, R0 = 

0.38848Ω/km, 

L1 = 0.95106mH/km, L2 = 

0.95106mH/km, 

L0 = 3.25083mH/km, C1 = 

12.37nF/km, C2 = 12.37nF/km,        

C0 = 8.45 nF/km 

Balanced Load Load Impedance = (720+j11) Ω, p.f.= 

0.9, MVA rating = 200  
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The magnitudes of the absolute value of S-matrix for 
double line fault condition (AB fault) has been plotted and 
shown in   Fig. 3. 

 

Fig. 3. Magnitudes of the absolute value of S-matrix with respect to sampled 

frequencies for phase A in case of AB type of fault occurring at 100 km. from 

B1 in the power system network with Fault resistance = 500 ohms.   

Finally, the maximum value of row matrix is found which 
is a single numeric value, and this process is repeated for 
voltage signal of each phase during no fault conditions as well 
as all types of fault conditions simulated in this work. Hence 
the table of features is generated for all the fault conditions and 
the plots of the features of four types of fault conditions are 
shown in Fig.4. to Fig.5. 

It is to be noted that the average value of this feature during 
no fault signal is 0.45. 

The features that have been obtained finally for different 
fault conditions and fault locations are shown below in Fig. 4. 
to Fig. 5. 

 

(a) 

 

(b) 

Fig. 4. Plot of magnitude of features with respect to fault location in case of 

(a) AG fault (b) AB Fault occurring at 100 km from B1 in the power system 

network with fault resistance = 500 ohms 

 

 
(a) 

 

 
(b) 

Fig. 5. Plot of magnitude of features with respect to fault location in case of 
(a) ABG fault (b) ABC Fault occurring at    100 km from B1 in the power 

system network with fault resistance = 500 ohms 
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B. Effect of noise on voltage signals 

All the voltage signals under different fault conditions have 
been implemented with 20 dB White noise and once again 
features are calculated from those signals using S-Transform. 
The magnitudes of the features in presence of noise have been 
plotted for different fault locations and fault conditions. They 
have been compared with those obtained without noise. All the 
plots are shown in Fig.6. to Fig.7. 

 

(a) 

 

(b) 

Fig. 6. Plot of magnitudes of features with respect to fault location in case of 

(a) AG type (b) AB type of fault occurring    at 100 km from B1 in the power 

system network with fault resistance = 500 ohms in presence of noise 

 

(a) 

 

(b) 

Fig. 7. Plot of magnitudes of features with respect to fault location in case of 

(a) ABG type (b) ABC type of fault occurring at 100 km from B1 in the power 

system network with fault resistance = 500 ohms in presence of noise 

V.  RESULTS AND DISCUSSIONS 

The following observations have been made from the 
profile of features shown in Fig.4. and Fig.5. 

TABLE II.     COMPARISON OF THE MAGNITUDES OF FEATURES OF THREE 

PHASES DURING DIFFERENT TYPES OF FAULT CONDITIONS WITH 

THOSE OF PHASES DURING NORMAL CONDITIONS WITHOUT NOISE 

 

It is observed from the Fig.6. to Fig.7. that in presence of noise 

the magnitudes of the features do not change under the same 

fault conditions and hence all the fault conditions can be 

accurately identified. 

 

VI. CONCLUSION AND FUTURE SCOPE OF WORK 

In the present work, different types of high impedance 
faults have been simulated with fault resistance 500 ohms. 
Suitable features have been selected from the voltage signals 
by using S-Transform under no fault and different fault 
conditions. The features have been thoroughly studied and it 
has been observed that the fault conditions can be accurately 
identified. Also, the fault conditions have been simulated by 

Nature of fault Magnitude of feature in comparison to the 

feature of the voltage signal during no fault 

condition 

  

Phase A 

 

Phase B 

 

Phase C 
 

AG 
 

Lowest 
Higher than 
normal value 

Higher than 
normal value 

 
BG 

Higher than 
normal value 

 
Lowest 

Higher than 
normal value 

 
CG 

Higher than 
normal value 

Higher than 
normal value 

 
Lowest 

 
AB 

 
Lowest 

 
Lowest 

Higher than 
normal value 

 
BC 

Higher than 
normal value 

 
Lowest 

 
Lowest 

 
CA 

 
Lowest 

Higher than 
normal value 

 
Lowest 

 
ABG 

Lower than 
normal value 

Lower than 
normal value 

Higher than 
normal value 

 
BCG 

Higher than 
normal value 

Lower than 
normal value 

Lower than 
normal value 

 
CAG 

Lower than 
normal value 

Higher than 
normal value 

Lower than 
normal value 

 
ABC 

Lower than 
normal value 

Lower than 
normal value 

Lower than 
normal value 
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incorporating 20 dB white noise and the features have been 
obtained from those signals using ST. It has been observed that 
the magnitudes of the features remain almost unaffected in 
presence of noise. Hence, it can be concluded that by using 
these features obtained from S-Transform all the types of faults 
can be accurately identified even in presence of noise.  

In the future scope of work, the signal features that have 
been obtained would be used to train a suitable classifier 
involving neural network or support vector machine so that 
fault can be notified automatically under different conditions. 
The study can be further extended by considering other values 
of fault resistances like 200-ohms, 1000 ohms etc. Also, the 
study can be implemented in other different kinds of power 
system networks involving a greater number of buses and 
transmission lines. 
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