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Abstract
In this paper, the proposed wavelet-based methodology is developed to identify and classify the High Impedance Fault 
(HIF) in the Power Distribution System (PDS). The planned technique is based on the combination of Ant Lion Optimizer 
(ALO) and Artificial Neural Network (ANN), which is performed to accurately isolate the HIF. The change in phase current 
waveforms caused by faults and normal switching events has been used in this methodology. In order to develop the method 
to detect high impedance arcing faults under the linear conditions. The faults are identified through the computation of the 
basic electric descriptions of current and voltage signals. From the voltage and current signals, the harmonic components also 
computed. From the voltage, current signals, the fault are identified and classified in the system which can be able to solve the 
problem in the system. The harmonics level also analyzed which also detected and able to correct it for enabling the stable 
operation in the system. ANN is an Artificial Intelligence (AI) method that applied for optimizing precise generation limits 
as blocking happened. The neural network contains two stages: training stage and testing stage. Here, the ALO algorithm is 
utilized to improve the performance of the ANN training process. ALO is a new nature-inspired algorithm mimicking the 
hunting behavior of ant lions. The design of Lifting Wavelet Transform (LWT) is suitable for the classification process. The 
main objective of ANN with the aid of the ALO algorithm is the detection and classification of the HIF in PDS and analyzed 
the delay time of different locations. From the evaluation of the proposed technique, the inputs and their corresponding 
outputs are noted. The performance of the work is implemented in MATLAB/Simulink platform and the presentation of this 
model is investigated on the basis of the two cases of analysis. The results show that the projected algorithm detects the HIFs 
accurately and compared with the existing methods ALO, GSA and ANN, and GA and Fuzzy, respectively.
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Abbreviations
HIF  High impedance fault
PDS  Power distribution system
AI  Artificial intelligence
LWT  Lifting wavelet transform
DG  Distributed generators
LDCs  Local distribution companies
SCADA  Supervision control and data 

acquisition
ANN  Artificial neural network
IDE  Integrated development environment

PQDSZ  Quasi-differential zero sequence 
protection

MV  Medium-voltage
ALO  Ant lion optimizer
MLP  Multilayer perceptron
BP  Back-propagation
MSE  Mean square error

Nomenclature
Vabc
q(k)

  Vabc
q(HIF)

HIF fault voltages
Zabc
qq

  Driving point impedance
Zabc
HIF

  HIF fault impedance
Iabc
HIF

  HIF fault current
Vabc
g(HIF)

  Voltage HIF fault point g
F(S)  Fitness function
�i =

{
�1, �2 , ....�N

}
  ANN output

NH  Number of hidden neurons
dOUT  Output from jth output neuron
wij  Weight of i–j link of the network
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�i  Output of ith the hidden neurons.
c  Input variable
�  Learning rate
� t  Minimum of all variable of tth 

variable
�t  Maximum of all variables in tth an 

iteration
t  Current iteration
Antliont

j
  Position of selected jth ant-lion at 

tth iteration
Antt

j
  Position of ith ant at tth iteration

RMt
antlion

  Random walk around the antlion 
selected using the roulette wheel at 
tth iteration

Rt
Elite

  Random walk around the elite at tth 
iteration

1 Introduction

In the world of electricity necessitates of power are inten-
sifying. This enlargement of demand stimulates a need for 
more power generation [1]. With the help of the distributed 
generators (DG) this can be worked out that is small scale 
generators placed close to users [2, 3]. By engaging the dis-
tribution scheme one among the elementary disputes facing 
utility and power customer personnel is the need to turn 
out to be well-known with and stay knowledgeable about 
problems dealing with power quality [4, 5]. These turbu-
lences may be in the structure of voltage sag, swells, voltage 
imbalances, transients, interruptions and harmonics that can 
result in issues to the industries sorting from breaking down 
of equipment to appearance plant shutdowns [6, 7]. On the 
basis of that, one can come to an end that power quality 
is turning into more and more important to customers for 
two reasons follows: voltage quality levels are prejudiced by 
the augmented usage of dispersed generation and dissimilar 
electronic devices [8].

Sensitive electronic devices are strongly exaggerated 
using voltage quality [9, 10]. On the national level, these 
issues are engaged to stimulate smart grid policies [11]. In 
technology, this notion has been the solution of advanced 
development and regulation from dissimilar stakeholders 
who are disturbed with demand-side management, energy 
storage, and renewable energy sources [12]. For real-time 
data and power exchange, the smart grid engages advanced 
data and communications skills to progress the power sys-
tem’s operations so as to wholly hold novel technologies 
of renewable generation [13]. Amongst others, the evolv-
ing notion of Smart Grids in electric power systems, Local 
Distribution Companies (LDCs) is progressively integrat-
ing, into their distribution systems, the employ of advanced 

metering and two-mode communications and automation 
skills [14]. Smart grid implementations can decline costs 
and make simpler frequent industrial requirements like 
power factor correction implementations, remote control 
of electrical machines and energy generation schemes [15]. 
In addition to technology innovations, one more important 
reason for the smart grid is to progress the services in power 
supply to users [16, 17].

A Smart Grid circuit can comprise monitoring devices at 
multiple locations, relying upon the size of the circuit and 
the number of users linked. The communication of all smart 
devices, utility or end-user owned, to a central information 
collection location that abridges access to all data improved 
[18]. The communication of all smart devices, utility or 
end-user owned, to a central data collection location that 
abridges access to all information recovered. Moreover, 
advanced control approaches, digital sensing and metering, 
advanced grid devices and Supervision Control and Data 
Acquisition (SCADA) scheme are some of the most sig-
nificant technologies affianced in the implementation of the 
smart grid [19, 20].

The contribution of this research work is, ANN and ALO 
are engaged in recognizing and classifying the HIF. The 
MWT is engaged to gather the feature extraction from the 
voltage and current and ANN–ALO is engaged to categorize 
the HIFs. The detailed explanation of the proposed method 
is presented in Sect. 3. Previous to that, the current research 
works are presented in Sect. 2. The experimental results and 
conversation are quantified in Sect. 4. Concluding remarks 
are outlined in Sect. 5.

2  Related Research Work

In kinds of literature, a handful of research works are avail-
able that are on the basis of HIF issue valuation, working 
out, and controlling in power schemes. A few of them are 
reconsidered here.

Thomas et al. [21] have projected a technique to recog-
nize the HIFs in the distribution system and segregate the 
faulty segment, to diminish downtime. This technique was 
on the basis of voltage measurements along the distribution 
feeder and uses the sequence constituents of the voltages. 
Three models of high impedance faults have been measured 
and the source side and load side breaking of the conductor 
have been deliberate in this article to capture a wide range 
of scenarios. The consequence of neutral grounding of the 
source side transformer was also accounted for in that study.

Chen et al. [22] have industrialized a detection crite-
rion and features of the fault currents were extracted on the 
basis of WT coefficients. Furthermore, HIF arcing currents 
related to dissimilar types of contact surfaces were fash-
ioned by experiments set up in the laboratory. Transformer 
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magnetizing inrush currents and capacitor switching tran-
sients were also fashioned by experiment and simulation, 
correspondingly, to signify transient disturbances usually 
happened in the distribution network. The detection crite-
rion was utilized to distinguish the HIF from other normal 
non-fault momentary events.

Gab et al. [23] have proposed an analytical impedance-
based fault location scheme for distribution systems. The 
approach was based on voltage and current measurements 
extracted at only one-end feeding substations. The modal 
transformation was implemented to decompose the coupled 
three-phase equations due to mutual effects into decoupled 
ones, and hence directly calculating fault distance in each 
section without iterative processes. The proposed approach 
considers various aspects of distribution systems: intermedi-
ate loads along the feeder tapped laterals and sub-laterals at 
various nodes, time-varying loads, and unbalanced opera-
tions. This algorithm was extensively investigated on a typi-
cal real 11 kV distribution system, South Delta electricity 
sector, Egypt using the MATLAB environment. Different 
cases were studied considering various loading conditions, 
varied fault resistance values, and different fault types.

Dehghani et al. [24] have investigated a method of fault 
detection and classification in asymmetrical distribution 
systems with dispersed generation to detect islanding and 
perform protective action based on applying a combination 
of wavelet singular entropy and fuzzy logic. In this method, 
positive components of currents at common coupling points 
were decomposed to adjust detailed coefficients of wavelet 
transforms and singular value matrices and expected entropy 
values were calculated via the stochastic process. Indexes 
were defined based on the wavelet singular entropy in posi-
tive components and three-phase currents to detect and 
classify the fault. That protection scheme was put forward 
for fault detection and was investigated in different types 
of faults such as single-phase to ground, double-phase to 
ground, three-phase to ground and line to line in distribution 
lines in the presence of distributed generations, and different 
locations of faults were verified when the distributed genera-
tion was connected to the utility.

Santos et al. [25] have presented a transient-based algo-
rithm for high-impedance fault identification on distribution 
networks. It uses the discrete wavelet transform to monitor 
high- and low-frequency voltage components at neither sev-
eral points of the power system, being able to indicate the 
most likely area within which the disturbance has occurred, 
without requiring data synchronization nor the knowledge 
of feeder or load parameters. Solid faults, capacitor bank 
switching, and feeder energization were also simulated, 
considering the system with and without distributed genera-
tion. Obtained results show that the algorithm significantly 
reduces the search field of the high-impedance fault, reliably 
distinguishing it from other disturbances.

Koley et al. [26] have suggested and evaluated the effec-
tiveness of a low cost, fast and reliable microcontroller-based 
protection scheme using a wavelet transform and ANN. The 
algorithm, based on the hardware co-simulation approach 
performs all the functions of transmission line protection i.e. 
fault detection/classification, fault zone/section identification 
and location estimation. The fault detection/classification 
and zone identification algorithms use the fundamental fre-
quency current components to estimate a fault index. The 
fault location estimation module uses wavelet transform 
coefficients in hybridization with a parallel artificial neural 
network structure. For hardware implementation, an 8-bit 
ATmega microcontroller was used and interfaced with the 
simulated power system model using the Integrated Devel-
opment Environment (IDE). The scheme is tested on a power 
system model of 400 kV, 50 Hz three-phase double circuit 
line with the source at both ends. The implementation of the 
approach on a low-cost microcontroller with the lesser exe-
cution time, makes the prototype ideal for implementation 
on a digital platform (digital relay), thus leading to financial 
viability and sustainability of the protection scheme.

Vianna et  al. [27] have presented a methodology for 
detection and area location of HIF on unbalanced distribu-
tion systems. The method was called Quasi-Differential Zero 
Sequence Protection (PQDSZ) and it detects these faults by 
analyzing the current zero-sequence RMS value on a dis-
tribution feeder. The detection relies on a differential area, 
defined by two points of measurement. The data was sent 
to a control center, which analyses the relation between the 
received currents and sends an alarm if any problem was 
detected. A simulation system with the RTDS and real auto-
mation equipment was presented, in order to validate the 
PQDSZ.

Nikander et al. [28] have investigated enhanced methods 
for the identification and location of very high impedance 
one phase-to-earth fault in Medium-Voltage (MV) networks 
in order to improve the electrical safety and reduce the num-
ber and duration of outages to customers. The examination 
was restricted to neutral compensated and isolated MV sys-
tems which were the prevailing neutral treatment practices 
in Europe. The main target of the study was the development 
of the model for the identification and location of earth faults 
up to very high fault resistances. The method was technically 
applicable in actual use because it utilizes standard meas-
urements available at all 110/20 kV primary substations. 
The major algorithm is based on the calculation of the fault 
resistance for every MV feeder.

Here, used lifting scheme of wavelet transform for the 
extracting the voltage, current signal because lifting scheme 
is having the following advantages over conventional wavelet 
transform technique such as it allows faster implementation 
of the wavelet transforms. It requires a half number of com-
putations as compared to the traditional convolution-based 
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discrete wavelet transform. This is very attractive for real-
time low power applications. The lifting scheme allows a 
fully in-place calculation of the wavelet transform. In other 
words, no auxiliary memory is needed and the original 
signal can be replaced with its wavelet transform, Lifting 
scheme allows us to implement reversible integer wavelet 
transforms. In a conventional scheme, it involves floating-
point operations, which introduces rounding errors due to 
floating-point arithmetic. While in the case of the lifting 
scheme perfect reconstruction is possible for loss-less com-
pression. It is easier to store and process integer numbers 
compared to floating-point numbers, Lifting scheme allows 
us to implement reversible integer wavelet transforms. In 
conventional schemes, it involves floating-point operations, 
which introduces rounding errors due to floating-point arith-
metic. While in the case of the lifting scheme perfect recon-
struction is possible for loss-less compression. It is easier 
to store and process integer numbers compared to floating-
point numbers. It can be used for irregular sampling. The 
many advantages are present in the LWT so selected to ana-
lyze or capture applicable information signals.

Many classifiers have been developed by the researchers 
to detect and classify the HIF in the system. Some of the 
classifiers are described in this section. The rule-based clas-
sifier [36], z-test classifier [37], Bayes-based classifier [38], 
the knowledge-based classifier [39], the genetic algorithm 
[40], decision trees [41], support vector machine [42, 43], 
Fuzzy inference [44, 45]. Though less studied and utilized, 
these classifiers could still demonstrate a high level of effi-
ciency in detecting the HIF, if accompanied by appropri-
ate measurement and analysis domain. The majority of the 
techniques used to detect active HIFs make use of signals 
generated by the electric arc (harmonic and non-harmonic 
components). However, the arc may vanish even before the 
detection system gathers enough information to confirm the 
fault. Passive faults do not present an electric arc. They are 
more hazardous to people since there is no indication of the 
energization condition of the conductor. Due to the presence 
of low or no current in HIF, the conventional overcurrent 
protection system normally fails to detect the same. Thus, it 
is a challenging issue to detect the HIF and isolate the feeder. 
Moreover, the modeling and the detection of HIF techniques 
are analyzed in below Sect. 3.

3  Structure of HIF Model in Distribution 
System

The modeling of most distribution system components is 
quite straightforward, including infinite source, transmission 
line, feeders, shunt capacitors, circuit breakers, and loads. 
Faults on power distribution feeders are difficult to detect 
using the conventional over-current, ground fault relays 

and some versions of distance relaying schemes. The most 
difficult model is HIF fault because most HIF phenomena 
involve arcing, which has not been accurately modeled so 
far. HIF is introducing highly nonlinear behavior. Stochastic 
nonlinear current has certain attributes in both transient and 
steady-state parts, which makes it identifiable. The HIF cur-
rent has four most important and significant characteristics, 
which are known as build-up, shoulder, nonlinearity, and 
asymmetry [29]. Some previous researchers have reached 
an agreement that HIF is nonlinear and asymmetric, and 
modeling should include random and dynamic qualities 
of arcing. The demonstrating of a high impedance fault is 
illustrated in Fig. 1. It is consists of a nonlinear resistor, two 
diodes, and two dc sources that change amplitudes randomly 
every half cycle. Thus, some dynamics and randomness are 
represented. In overhead lines, HIFs may appear due to, for 
example, trees leaning against a conductor or when a con-
ductor falls to the ground with high resistivity. These faults 
also develop when the load-side end of the broken conductor 
has an earth contact. Faults with covered conductors often 
have very high impedance. A broken overhead line pin insu-
lator, cable terminal, or faulty surge arrester can also cause 
a HIF [30].

A fault location method for distribution systems to 
multi-source unbalanced systems using synchronize volt-
age and current measurement was reported. The method 
uses synchronized voltage and current measurements at 
the interconnection of DG units. Consider a fault of a HIF 
is occurring on an on a line section at a distance of g 
from the Source side, as illustrated in Fig. 2. There is a 
definite relation between the measurements at the sending 
end mean of source voltage, and the distance of fault from 
this end, for the faulted phase. On the source side, in the 
case of a distribution system, an equivalent generator is 

Fig. 1  The modeling of HIF
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modeled with an equivalent reactance, at the sending end 
of the radial feeders. The varying number of generators in 
operation is modeled by an equivalent reactance on this 
bus.

The networks are simulated under linear and nonlinear 
loads with different loading conditions. The high imped-
ance fault model is developed using anti-parallel diodes 
with non-linear resistance and DC source connected 
together for each phase. From the analysis, the initial and 
during HIF fault voltages are Vabc

q(k)
 , Vabc

q(HIF)
 and the driving 

point impedance is Zabc
qq

 the bus q . The HIF fault occurs at 
point g, the HIF fault voltage (Vabc

g(HIF)
) is expressed as given 

Eq. (1),

where Zabc
HIF

 is represents the HIF fault impedance, Iabc
HIF

 is 
denotes the HIF fault current. The voltage of bus q during 
the HIF fault is written in Eq. (2),

Similarly, the voltage at HIF fault point g during fault 
is expressed as Eq. (3),

Equation (1) is substituting in Eq. (3),

The HIF fault current is obtained as follow,

The value of Iabc
HIF

 is substituted in Eq. (2) and find out 
the value of the voltage at the bus q , during the steady-
state fault condition is expressed as,

(1)Vabc
g

(HIF) = Zabc
HIF

⋅ Iabc
HIF

(2)Vabc
q(HIF)

= Vabc
q(k)

− Zabc
qq(HIF)

⋅ Iabc
HIF

(3)Vabc
g(HIF)

= Vabc
g(k)

− Zabc
pp

⋅ Iabc
HIF

(4)Zabc
HIF

⋅ Iabc
HIF

= Vabc
g(k)

− Zabc
pp

⋅ Iabc
HIF

(5)Iabc
HIF

=
1

Zabc
HIF

+ Zabc
gg

⋅ Vabc
g(k)

where the voltage at a bus (q) during fault is a function of 
initial voltage at buses q and g, driving point impedance of 
bus g, transfer impedance between buses q and g, and the 
fault impedance. By considering as a measurement at the 
sending end source, also obtain the distance of the faulty 
bus p from the sending end. The relation of the consideration 
is complex, once varying load conditions, fault resistance, 
and different types of faults on a feeder, are incorporated. 
This function would then correspond to numerous inputs 
mapping onto a single target, for example, a single line to 
a ground fault occurring at the same location on a feeder, 
but at different load levels. Such type of mapping is difficult 
to model using an algorithmic approach. Accordingly, this 
paper developed an algorithm for easily estimates the fault 
condition. Also, the main purpose of the work is to show that 
a very limited and reliable set of measurements can lead to 
a very accurate estimation of the fault location, considering 
the various practical aspects of the distribution system. The 
proposed procedure to recognize HIFs and in addition to 
segregate them from ordinary transient exchanging opera-
tions involves two phases. In the first stage, the present signs 
of the feeders, utilizing LWT, are broke down to get the 
applicable information signals [31].

3.1  Proposed Lifting Wavelet Transformation

Wavelet Transform is widely used in signal analysis, denois-
ing and compression for its excellent locality in the time–fre-
quency domain. There are numerous mother wavelets that 
can be used for DWT and CWT. The dilated or compressed 
form of mother wavelet implies scaling and the shifting of 
mother wavelet in the time domain is called translation. The 
wavelet transform can be analyzed in two ways. They are 
CWT and DWT. Among these two methods, the latter is 
extensively used because of the different reasons such as 
CWT requires a large number of scales to show the signal 
components, which makes it useless for online application, 
CWT is highly redundant transform as its wavelet coeffi-
cients contain more information than necessary, CWT pro-
vides the region where the fault occurs, but DWT localize 
the fault more efficient, DWT preserve all the information 
of the function with minimum number of wavelet coeffi-
cients, Computational time is faster for DWT analysis and 
Construction of CWT inverse is more difficult. To overcome 
above drawbacks LWT is selected in this proposed method-
ology for detection of HIF.

The mother wavelet defines the characteristics of the 
resulting transform. As a result, details of a particular 
application should be taken into consideration while select-
ing the mother wavelet. There are various architectures for 

(6)Vabc
q(HIF)

= Vabc
q(k)

− Zabc
qq(HIF)

⋅
1

Zabc
HIF

+ Zabc
gg

⋅ Vabc
g(k)

Fig. 2  The structure of the HIF fault location in PDS
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implementing a filter bank i.e. Direct form, Polyphase, Lat-
tice structure, and Lifting Scheme. A filter bank basically 
consists of a low pass filter and a high pass filter followed 
by decimators or expanders and delay elements. A lifting 
scheme is a very effective way to design a DWT. The Lifting 
scheme could be a new model for constructing bi-orthog-
onal wavelets. The most contrast with classical construc-
tions is that they do not admit the Fourier Transform. In 
this approach, lifting will be accustomed to construct sec-
ond generation wavelets. These wavelets are not essentially 
translating and dilates of one function. The latter we tend to 
talk over with as initial generation wavelets. Lifting wavelets 
belong to the category of second-generation wavelets that 
have peculiar advantages over initial generation wavelets. 
The lifting wavelets cut back the computing time associated 
memory necessities as they adopt an in-position realization 
of the wavelet transform. Conflicting traditional wavelets 
the computations for lifting wavelets achieve performance 
in integer domain instead of the real domain. The inverse 
method in lifting wavelets is the abolishing of the processes 
performed during the forward transformation. It consists of 
three steps: Split, Predict and Update. In the paper, the LFT 
is utilized to extract the features of HIF signals. The Lifting 
scheme is shown in Fig. 3.

3.1.1  First Process: Split Process

In the process, the signals are decomposed into even and 
odd components. Here, the samples are denoted as follows,

3.1.2  Second Process: Predict Process

The predict step uses a function that approximates the odd 
samples. It is also called dual lifting. It gives the interpola-
tion of even samples. The differences between the approxi-
mation and the actual values replace the odd samples of the 

(7)f [t]HIF =

{
�[t] = f [2t]

�[t] = [2t + 1]

data set. It provides a high pass filtered component. The odd 
value is “predicted” from the even value, which is described 
by Eq. (8) given below

3.1.3  Third Process: The Update Process

In the update step, scaling is done to smooth the data and 
then added with even samples to provide low pass filtered 
values for the DWT. It is also called primal lifting. This 
result in a smoother input for the next step of the wavelet 
transform shown in Eq. (9)

Based on the above equation, once the update process 
is completed and the signal is well extracted. Then the 
extracted features are given to the input of the classifi-
ers. It is one of the proposed solutions while working on 
non-stationary signals. It is widely used in signal analysis, 
denoising, and compression for its excellent locality in the 
time–frequency domain. This work includes feature extrac-
tion using wavelet transform and then classification using 
intelligent techniques. Therefore, the proposed technique of 
ALO-ANN is developed to detect the HIF of the distribu-
tion system. The performance of the proposed technique is 
explained in the underneath Sect. 3.1.

3.2  Implementation of the Proposed Method 
for HIF Detection

Due to the complexity of distribution systems and various 
uncertainty factors that are difficult to address using conven-
tional techniques, a knowledge-based technique is applied 
for locating faults. In general, the technique requires infor-
mation such as feeder measurement; substation and feeder 
switch status, the information provided by fault detection 
devices installed along with the feeders and atmospheric 
conditions. This information can be analyzed using artificial 
intelligence methods. In this work, the enhanced proposed 
techniques have been developed to detect and isolate both 
low and HIFs and improving the protection capability of 
the power system. Besides carrying out the detection, this 
methodology indicates in which phase the HIF occurred, 
e.g. phases a, b, or c, aiding the back elimination by the 
maintenance group [32]. In the pre-processing of signals 
to help locate and identify Single Line-to-Ground faults by 
using the proposed method. Among these approaches, the 
wavelet transform is one of the most frequently used algo-
rithms to analyze the power signal. This paper presents a 
new design of the Lifting wavelet transform suitable for this 
classification process. In order to identify the type of fault, 

(8)�[t]HIF = �[t] − P(�[t])

(9)�[t]HIF��[t] − U(�[t])

P US

Odd

Even

X[n]

High Pass Output

Low Pass Output

Fig. 3  Structure of LWT
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the proposed technique of an ANN and ALO based classifier 
is utilized. Here the ALO algorithm is utilized for selecting 
the optimal dataset and train the ANN for classifying the 
HIF in the power distribution system. In order to analyze, 
the earth’s faults with high impedance earthing in electrical 
distribution networks are characterized. In the occurrence of 
disturbances, the traces of phase currents, voltages, neutral 
currents and voltages were measured using feeders.

3.2.1  ANN with Aid of ALO Algorithm for HIF Detection 
in PDS

In this section, the proposed ALO based ANN is used for 
the detection and classification of HIF in the power distribu-
tion system. An ANN is the most popular machine learning 
method, and it has been used for solving the classification 
and regression problems. ANN has a number of advan-
tages, but the most popular one is its capability to learn 
from observing the dataset. In this way, an ANN is used 
as a tool to approximate random functions. These tools are 
responsible for assisting method estimation with the most 
effectiveness and ideality for obtaining solutions, while the 
distributions of computing or computing functions are being 
defined by them. In order to reach these solutions, an ANN 
takes a data sample instead of the whole set of data. ANNs 
have three interconnected levels. The first layer is the input 
neurons. These neurons send the data to the second layer, 
and the second layer, in turn, will send the outcome neu-
rons to the third layer. The applicability of an ANN is for 
data classification and detection of HIF. However, for these 
purposes, a large set of data is needed. In order to optimize 
this type of data and overcome the ANN accuracy problem, 
and ALO has been proposed. The main goal of the paper is 
proposed by using the ALO algorithm to improve the ANN 
training data system.

3.2.1.1 Proposed ANN Algorithm A specific ANN model 
can be defined using three important components: transfer 
function, network architecture, and learning rule. These 
components need to be defined according to the type of 
problem as they determine an initial set of weights and 
indicate how weights should be adapted during training 
to improve the performance. The most widely used type 
of ANN is the multilayer perceptron (MLP) feed-forward 
neural network. This type of ANN comprises neurons 
with weighted connections in different cascaded layers 
including an input layer, hidden layer(s) and output layer. 
The model of ANN needs to be trained. For the training 
of neural networks, several algorithms have been recom-
mended. However, the Back-Propagation (BP) algorithm 
is the most robust technique for MLP networks. In BP 
feed-forward ANNs, artificial neurons are organized in 
layers and send their signals forward. Subsequently, the 

errors are propagated backward. Such a procedure is tech-
nically known as a learning or training procedure [33]. In 
the training process, the network is presented with a pair 
of patterns; an input pattern and the corresponding desired 
output pattern. The network computes its actual outputs, 
its weights, and a mathematical function model threshold. 
Afterward, the actual output is compared to the network 
outputs to conclude the output error. The obtained error 
is propagated back through the network and updates the 
individual weights. This process is named the backward 
pass. Through this procedure, both training and testing 
errors are reduced. The process is repeated until the error 
is converged to a defined level such as mean square error 
(MSE). However, an experimental database including a 
sufficient number of datasets is required to train the ANN 
model. A network with a structure that is more complex 
than required may overfit the training data. The fitness 
function in the training process is given as follows,

where L is represents the number of training samples, dk
i
 and 

pk
i
 it denotes the actual and desired output of the ith input 

when the kth training sample is used.
The detailed description of the ANN is included in 

this section. For developing the mathematical structures, 
ANNs are fine approaches with the capability to learn. 
Normally Neural network consists of two phases namely, 
training and testing phases. When the parameter is given 
as input to the neural network, the most excellent optimal 
set of the parameter is obtained as output in the testing 
phase. The ANN has an Input layer, hidden layer, and out-
put layer. The training structure of the ANN is illustrated 
in Fig. 4. A pre-examined dataset is obtained from and it is 
used as the training dataset X for the neural network. The 
dataset X consists of input as transmission line congested 
power and the system output is the reschedule power of the 
generators. The dataset X can be represented as,

3.2.1.2 Steps for  Backpropagation Algorithm to  Train 
the  Neural Networks Step 1: Initialize the weight of all 
the neurons of the network. The neuron weights of the hid-
den layer and the output layer are initiated in the particular 
interval 

[
wmin,wmax

]
 . The hidden layer of the output layer 

weight is described as the 
(
w211,w212, .....w2nk

)
.

(10)F(S) =

L∑
k=1

s∑
i=1

(
dk
i
− pk

i

)2

(11)X =

⎡⎢⎢⎢⎣

u0 (i)
u1 (i)
⋮

un−1 (i)

⎤⎥⎥⎥⎦

⎡⎢⎢⎢⎣

d0 (i)
d1 (i)
⋮

dn−1 (i)

⎤⎥⎥⎥⎦



1638 Journal of Electrical Engineering & Technology (2020) 15:1631–1650

1 3

Step 2: Determine the BP error by giving the training 
dataset X as input to the classifier as follows,

Target output (dt arg et) and the network output out (dOUT ) 
can be calculated as dOUT =

(
d0 , d1 , d2 … , dn−1

)
 . The ele-

ments of dOUT the can are determined from every output 
neuron of the network as follows,

Here, the input data of phase currents, voltages, neutral 
currents, and voltages applied to the ANN and n number 
of hidden layers. Then the outputs �i =

{
�1, �2 , ....�N

}
 are 

described as the following,

where NH is the number of hidden neurons dOUT is the output 
from jth output neuron and wij is the weight of the i-j link of 
the network and �i is the output of ith the hidden neurons. 
From the above equations, the term c is represented as an 

(12)E = dt arg et − dOUT

(13)dOUT =

NH∑
i=1

wij�i

(14)

�1 =
w1i

1+exp(−u1 (i))

�2 =
w2i

1+exp(−u2 (i))

⋮

�N =
wni

1+exp(−un (i))

⎫⎪⎪⎬⎪⎪⎭

input variable. These equations are represented as the input 
and output layers. Then adjust the weight of all the neurons.

Step 3: Evaluate the change in weights based on the 
obtained BP error as follows,

where � is the learning rate, usually it ranges from 0.2 to 0.5.
Step 4: Determine the new weights is expressed as 

follows,

Until BP error gets reduced to the least value, repeat the 
process from step 2. The network training process can be 
improved by considering the proposed ALO algorithm. The 
network output is applied to the evaluation stage. The per-
formance of the proposed ALO algorithm was explained in 
Sect. 3.2.2.

3.2.2  Enhance the ANN Train Process Using ALO

The ALO algorithm is inspired by the hunting of ants and 
other prey by the ant lions found in nature [34]. It is a 
population-based random search algorithm. In the ALO 
algorithm, ants are search agents that wander over the 
search space and ant lions dig pits in the ground to trap and 
consume the ants. The objective function to be optimized 

(15)Δ� = � × dOUT × EBP

(16)�new = �old + Δ�

Fig. 4  The structure of pro-
posed ANN using an algorithm
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is modeled to reflect the hunting ability of the ant lion. The 
hunting of ant by antlion can be understood by observ-
ing their interactions. The different steps taken by the ant 
and ant lion during hunting are modeled by defining six 
operations for the ALO algorithm, which are explained 
later in this section. On the basis of these operations, 
the optimization model is built. To establish an analogy 
between the natural hunting phenomenon and the ALO 
algorithm, some guidelines are applied, which are: (a) ants 
take random walks around the search space. (b) Random 
walks are taken by all ant dimensions. (c) The ant lion 
traps influence the random walks of ants. (d) The size of 
traps built by the ant lions is proportional to their hunting 
ability/fitness. (e) The probability of catching ant is higher 
for ant lions having larger pits. (f) In each iteration, there 
are chances of an ant being caught by either the elite or 
some other fit ant lion. (g) To simulate the sliding of ant 
towards ant lion, the range of random walk is decreased 
adaptively. (h) When an ant is pulled by an ant lion under 
the sand and consumed, the ant lion becomes fitter than the 
ant and (i) the ant lion takes the position of the consumed 
ant. According to this paper, the ALO algorithm is imple-
mented to improve the ANNs performance by adjusting 
the weight and bias values of ANNs. Whereas the ALO 
algorithm is performed as the global search optimization 
in order to detect the fault in PDS. The step procedure 
of the proposed algorithm is briefly explained as follows:

3.2.2.1 Bullet Creating Random Walks of  Ants Random 
walks are all based on the equation below:

where cumsum computes the cumulative sum, n is the maxi-
mum number of iterations, t shows the step of the arbitrary 
walk and r (t) is a stochastic function defined as follows

To keep the random walks within the search space, they 
are normalized using the succeeding equation

where �i the minimum of is the arbitrary walk of ith vari-
able, �i is the maximum of random walk in ith the variable, 
� t
i
 is the minimum of ith the variable at tth iteration, and �t

i
 

indicates the maximum of ith the variable at ith iteration.

Trapping in Ant-lion’s Pits

(17)

X(t) =
[
0, cumsum(2r(t1, − 1), cumsum(2r(t2,) − 1),

....cumsum(2r(t
n, − 1)

]

(18)r(t) =

{
1 if rand > 0.5

0 if rand ≤ 0.5

(19)Xt
i
=

(
Xt
i
− �i

)
.
(
�i − � t

i

)
(
� t
i
− �i

) + � t
i

Ant-lions’ traps influence the arbitrary walks of ants. To 
model this assumption mathematically, the equations pro-
posed are:

where � t is the minimum of all variables of tth variable 
and �t is the maximum of all variables in tth an iteration.
Building Trap
In order to model the hunting capability of the antlion, a 
roulette wheel is used. The ALO algorithm needs to uti-
lize a roulette wheel operator for picking ant lions accord-
ing to their fitness during optimization. This method gives 
better probabilities to the fitter ant lions to catch ants.
Sliding Ants Towards Ant Lion
With the method proposed so far, ant lions are capable 
of constructing traps relative to their fitness and ants are 
required to move arbitrarily. However, ant lions shoot soil 
outward the mid of the pit once they understand that an 
ant is in the trap. This conduct slides down the trapped 
ant that is attempting to escape.

3.2.2.2 Catching Prey and Re‑building the Pit The last stage 
of hunting is when an ant reaches the bottom-most of the pit 
and is trapped in the antlion’s jaw. Then the antlion drags the 
ant inside the sand and consumes. For imitating this proce-
dure, it is supposed that prey catching occurs when ants turn 
out to be fitter (go inside sand) than its analogous antlion. 
Then the ant lion updates its position by taking the posi-
tion of the consumed ant, which is synonymous to ant lion 
rebuilding its pit to improve the chances of catching new 
prey. The following equation is offered in this regard:

where t shows the current iteration, Antliont
j
 shows the posi-

tion of selected jth ant-lion at tth iteration and Antt
j
 indicates 

the position of ith ant at tth iteration.

Elitism
To preserve the best solution obtained at each stage, 
the position of the best (fittest) ant lion is saved as elite. 
Being the best, the elite ant lion is considered to influence 
the movement of each ant. The Elitism supposed that each 
ant random walks around a particular antlion by roulette 
wheel and the elite concurrently as follows

(20)� t
i
= Antliont

j
+ � t

(21)�t
i
= Antliont

j
+ �t

(22)

(
ALj1,ALj2,…ALjd

)
=
(
Ai1,Ai2,…Aid

)
if f

(
Antt

i

)
> f

(
Antliont

j

)

(23)Antt
i
= RMt

antlion
+ Rt

Elite
∕2
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where RMt
antlion

 is the random walk around the antlion 
selected using the roulette wheel at tth iteration, Rt

Elite
 the 

random walk around the elite at tth iteration, and indi-
cates the position of ith ant at tth iteration [35].

3.2.2.3 Pseudocodes of the ALO Algorithm Step 1: Initial-
ize a population of n ant-lions and ants at random.

Step 2: Evaluate the ant-lions and ants fitness.
Step 3: Locate the best ant-lions and suppose it is the 

elite.
Step 4: while the end criterion is not satisfied.
for each ant.
Choose an ant-lion utilizing the Roulette wheel.
Generate a random walk and normalize it.
Update the position of the ant.
end for
Compute the fitness of all ants.
Substitute an ant-lion with its comparing ant if the ant 

is fitter.
Update elite if an ant-lion gets fitter than the elite.
Step 5: end while
Step 6: Return elite
Based on the objective function, the ANN is optimally 

trained and gets the optimal outputs and the corresponding 
HIF in the power distribution system is calculated.

4  Results and Discussion

In this section, the investigation of this strategy with some 
unique areas and distinctive resistance esteem is tested. 
Its connected with Intel(R) Core(TM) i5 processor, 4 GB 
RAM and MATLAB/Simulink 7.10.0 (R2015a) stage. The 
Simulink model of the proposed framework is outlined in 
Fig. 5, which demonstrates the power framework associ-
ated with the HIF blame framework and the proposed con-
trol technique. The separated elements are the gathering 
of information for the deliberate flag which recognizes the 
deficiencies and classifies the divergent mistake and dissimi-
lar positions. High impedance faults are usually generated 
when an overhead conductor of the electric power distribu-
tion system breaks and touches a high impedance surface 
such as sand and asphalt. These ground faults are dangerous 
because the magnitude of the fault current is usually lower 
than the pickup currents of overcurrent protective devices. 
As a consequence, most HIFs can last several hours or days 
while there is the power to be delivered to the fault point.

There is no obvious characteristic difference between 
the faulted and healthy phases under HIF. So the conven-
tional relays are difficult to detect HIF. The proposed scheme 
can cope with this difficulty. To demonstrate the sensitiv-
ity of the relaying scheme, a three-phase-to-ground fault is 
selected as a simulation case whose fault-path resistance 
and fault location is set. The HIF flaws are arranged and the 

Fig. 5  Simulation diagram of the proposed system
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position is assessed in view of the proposed technique. The 
proposed method is the ALO based ANN calculation, which 
examines the mistake motion from the reference value and 
instantly measures the signal.

4.1  Performance Analysis of the Proposed 
Technique

For most occurring faults, overcurrent relays installed for 
distribution system protection can detect and cut off the 
supply to the feeder containing the fault. To the design of 
an enhanced protection technique which should be able 
to detect and isolate both high impedance faults improv-
ing thus the protection capability of the power system. HIF 
typically occurs when the conductors in distribution network 
break and touch the ground surface, or lean and touch a 
tree branch. This fault, with current magnitude close to the 
load current level, is not detectable by over-current relays. 
The proposed ALO based ANN technique is developed for 
detecting and classifying the HIF faults. Here, the ALO 
algorithm is used to train the ANN and the testing execu-
tion is enhanced in light of the backpropagation calcula-
tion. The HIF is occurring in the transmission line at various 
locations. The performance of the HIF fault detection using 
the proposed technique is compared with the other existing 
techniques like ALO, GSA and ANN, and GA and Fuzzy 
methods. In order to analyze the tow case of operation to 
investigate the various locations of faults by using the pro-
posed method. The two cases of operation are,

The case I: At location 10 km analysis of HIF parameter
Case II: At location 25 km analyses of HIF parameters
The proposed strategy inspects the voltage, phase magni-

tude and current parameters of the power system with vari-
ous locations and diverse fault conditions are examined. The 
parameters are measured from 10 to 25 km of the power dis-
tribution system. At the initial stage, the voltage and current 
flow through the PDS without fault condition are measured 
and shown in Fig. 6.

After the fault condition, the variation of different param-
eters is analyzed based on the proposed method. Moreover, 
the performance of the proposed system is compared with 
the other existing techniques like ALO, GSA and ANN, and 
GA and Fuzzy, respectively. The execution of the proposed 
method depends looking into the issue thinks about which 
are displayed as follows.

4.2  The Case I: At Location 10 km Analysis of HIF 
Parameter

For the implementation of the fault condition, the simulation 
is done for the distribution system is analyzed and shown 
in figures. This system has identical feeders at the loca-
tion is 10 km. The power distribution network is simulated 
and a HIF is introduced in phase A, Phase B, and Phase C, 
respectively.

At the point of a fault condition in 10 km and the param-
eters of voltage, current and magnitude are measured and 
represented in Figs. 7, 8 and 9, respectively. The current in 
fault condition at location 10 km has been shown. The HIF 
fault is measured from the variety of moment voltage flow 
and the reference voltage of the system. To demonstrate the 
adequacy of the proposed procedure the HIF is connected 
in various locations and in various fault conditions. The 
voltage waveform at the faulted point has distortions due 
to the HIF and arc. Ground contact at the source side and 
the contact at the load side are considered and results are 
obtained for the same. The three-stage current and voltage 
are assessed to demonstrate the proposed system proficiency. 
The proposed framework execution investigation in view of 
three-stage voltage is assessed in the above figures and the 
examination in light of the current is evaluated and assessed 
in the accompanying case segment.

4.3  Case II: At Location 25 km Analyses of HIF 
Parameters

For HIF simulation, the voltage sensors along with switches 
are placed at the substation and at different distances from 
the substation. In case 2, HIF is introduced at distances of 
25 km from the substation. For the two diode models, a 
graph is plotted for the fault at a distance of 25 km points 1 
and 2 are located at the fault. Thus it is clear that the points 
located after the fault experience almost the same voltage 
drop. The HIF fault is analyzed at different parameters in 
three-phase conditions. At that point measured controlling 
parameters and the fault are distinguished and grouped by 
the identification. In Figs. 10, 11 and 12 respectively the 
three-stage voltage, current, magnitude and phase of the 
proposed framework and the fault is happened in a 25 km 
area and is shown.

The transient phenomena produced by the different 
parameters of voltage, current, and magnitude appear in the 
three phases during a short period of time 0 to 0.2 s. High 
impedance fault is occurred in phase A of feeder 1, with a 
fault condition is analyzed. The fault location, arc voltage 
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and inception time are considered to be 25 km, respectively. 
Therefore, to verify the methodology of the proposed tech-
nique, it is necessary to obtain the relevant data signals 
from the power system, under different possible operating 
conditions. This work introduces a hybrid strategy for HIF 
identification and arrangement on transmission lines. The 
proposed algorithm depends on the wavelet packet trans-
form. The HIF recognition part depends on HIFs transient 
and enduring state mark of HIF. Along these transmission 
lines, the occurrence of a fault system is calculated by using 
the new method. The increasing or decreasing of the current 
values does not affect the results obtained by the method 
developed. This is due to the fact that the high-frequency 
part of the signal only appears during a very short period of 

time, at the instant of capacitor switching. In this case, the 
proposed methodology provides the ANN output data, is 
analyzed and shown in Table 1. From the table, the exami-
nation of the presentation of the classification for a unique 
technique is readied. They call attention to strategies that are 
endorsed for the number of cases has been under test circum-
stances and after that correct classification and classification, 
efficiency is proposed. Then the efficiency of the proposed 
technique is 98% and the existing technique is ALO is 93%, 
GSA-ANN technique is 95% and the GA-fuzzy technique 
is 86% respectively. Since the proposed strategy is high 
efficiency superior to the current techniques, for example, 
GA-Fuzzy, GSA-ANN method and ALO respectively. To 
build up the presentation of the anticipated method it can 

Fig. 6  Performance analysis 
of reference a voltage and b 
current
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Fig. 7  Performance analysis 
of CURRENT in a phase A, b 
phase B and c phase C under 
fault condition
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Fig. 8  Performance analysis of 
a Phase A magnitude b phase B 
magnitude and phase A under 
fault condition from 10 km
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upgrade the quantity of the circumstances. From the overall 
analysis, the proposed method give betters results than the 
other techniques.

High impedance faults are quite usual in any distribution 
system and also they produce very low fault currents that 
may go undetected due to improper settings of the protec-
tion relays. Under such circumstances, the unknown func-
tion relating the measurements, during faults of varying fault 
impedances, to the corresponding targets of the fault loca-
tions has to be estimated by the ALO based ANN technique. 
From that output dataset, all feeders are under normal opera-
tion. As the outputs of the simulation are mainly considered 

the two issues namely the fault type, the fault impedance for 
such estimation to be successful. After the consideration, the 
fault type can be detected in the PDS.

5  Conclusion

This paper presents a proposed ANN and ALO based clas-
sifier for the detection of HIF in the power distribution 
system. The ALO algorithm is utilized for selecting the 
optimal dataset and train the ANN for classifying the HIF 
in the power distribution system. The process starts with 

Fig. 9  Simulation results of a 
Phase A voltage and b phase B 
voltage under fault condition 
from 10 km
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Fig. 10  Performance analysis 
of current in a Phase A and b 
Phase C at location 25 km
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a fault process and the application of LWT to the current 
signals. In this method, the input parameters are the volt-
age, current under various transient conditions. Finally, the 
state of a feeder is calculated according to the outputs of 
the neural network. The complete performance of the tech-
nique has been tested by its application to data under dif-
ferent conditions. Therefore, this method is performed in 
which the parameters of the HIF can be changed to test the 
detection methodology under different fault conditions and 

different locations. To verify the performance of the pro-
posed method, two cases have been analyzed. The statisti-
cal measures are be analyzed such as accuracy for proving 
the effectiveness of the system. The model is implemented 
in Matlab/Simulink platform and their output performance 
is compared with the existing methods ALO, GSA and 
ANN, and GA and Fuzzy respectively. From the overall 
analysis, results show the method is reliable and accurate 
than other existing techniques.

Fig. 11  Performance analysis 
of a magnitude and b Phase A 
under fault condition
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Fig. 12  Simulation results of a 
Phase A voltage and b phase B 
voltage and c Phase C voltage 
under fault condition from 
25 km
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