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ABSTRACT

Nowadays, the advancement of microgrids promises numerous economic and environmental
advantages of renewable energies to nations and societies. The presence of decentralized
energy units, however, makes serious technical challenges; for instance, criteria and procedure
of fault recognition and diagnosis in this condition is entirely changing. This article, therefore,
proposed a novel accurate and fast technique based on Artificial Neural Networks (ANN) for
earth fault detection. A sample distributed power system considered for the proposed
technique and different earth faults applied to this system consist of one phase, two phases
and three phases faults. Also, any alteration of current and voltage signals of all phases is
investigated at the fault occurrence moment. Analysis of simulation results demonstrates how
the proposed technique could make faster responses and improve the reliability of the
distributed power system by more accurate fault recognition in comparison with the other
traditional methods such as the Wavelet Transformation technique. The proposed technique is
likely to enhance the growth of renewable energy sources usage by decreasing operational

risk factors and fault recognition delays.
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INTRODUCTION

The appropriate performance of the Decentralized Generation (DG) has become increasingly
prominent due to the increasing environmental pollution caused by consumption of fossil
fuels and development of renewable energy technologies over the past years. The
performance conditions of the distributed system are changed while there are DG units in the
system. These changes, especially, are most significant in protection criteria [1-4].

There are a variety of faults in electrical power distribution systems, however, this paper
focuses on earth fault detection. This class of faults is one of the usual events in medium-
voltage distribution networks. But, due to the moderate current and high impedance of the
path, the conventional protection relays don't respond appropriately to these types of faults
[5-8].

In the past years, several techniques have been reported with the purpose of fault recognition
and classification. In all methods, extracting the characteristics of the fault signal is essential
(Dehghani, Khooban, and Niknam 2016). These methods consist of expert systems and fuzzy
logic (Nan, Khan, and Igbal 2007; Veljko, Predrag, and Zeljko 2010) Petri nets (Jiang et al.
2017; Yang 2003), Bayesian networks (Brandt, Jervis, and Maidon 1997; Yongli, Limin, and
Jinling 2006), , granular computing (Xiuping Xu and Peters 2002) and rough sets (Rawat et
al. 2014). Also (Xin-min et al. 2007) investigates Realvalued Negative Clone Selection on
the basis of Higher-order Statistics approach. Reference (He and Blum 2011) proposed the
Hypothesis Testing method. Furthermore, [20-22] considers the Vector Surge technique
while (Wester 1998) studies different mechanical and electrical techniques for earth fault
detection. Reference (Ndou et al. 2013) has suggested Under/Over Voltage relays, as well.
Another important method for fault detection in distributed systems is the Wavelet
Transformation approach, which has interested several researchers in this area. This method
first was proposed for seismic data analysis (Grossmann and Morlet 1984) and then it used to
relay distributed power systems (Chaari, Meunier, and Brouaye 1996). Therefore, (Samui
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and Samantaray 2012) proposed the Wavelet Singular Entropy technique for islanding
recognition. Reference (X Xu and Kezunovic 2002) studies fault characteristic extraction
through Wavelet Transformation technique and (Escudero et al. 2017) presents a method on
the basis of Wavelet and Park’s Vector Transformation (WPVT) approach.

However, the major difficulty in the Wavelet Transformation method is selecting a proper
threshold value. If it is set on a small value, some particular transient fault-like situations of
the system (such as capacitor switching and inrush current of transformers) may be identified
as a fault. On the contrary, if a large value is opted for it, because of the high impedance of
earth fault, it could not be recognized by the protection system. Therefore, (Chen et al. 2014)
tries to create a new accurate criterion through experimental trials. This problem, however,
could be effectively vanished with the proposed technique in this study.

Typically, fault protection as one of the fundamental parts of transmission line systems is
encountered certain challenges as follows: by taking into account nonlinearity and time-
varying of earth faults, the most crucial problem is accurate recognition of faults and
transient fault-like situations. The response speed obviously is the other vital factor that
directly depends on the detection method and its sampling rate. Moreover, the definition of a
new fault type for traditional protection systems is too expensive because it needs relays
modification or replacement. These problems have been made earth fault detection extremely
challenging.

Therefore, this article has developed an ANN based technique to tackle all mentioned
difficulties. Accordingly, the main contributions of this paper consist of: (1) The proposed
protection method could successfully recognize symmetric and unsymmetric earth faults and
separates them from the normal transient conditions of the power system. (2) Trainability,
reducing sampling rate and powerful theoretical support of the suggested ANN method has
made implementation and performance of the protection system notably fast, cost-efficient

and simple. Eventually, this capable technique makes microgrids more reliable and safer by
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making a fast response and preventing expansion of fault over the grid.

The rest of this paper is organized as follows. Section two provides a brief explanation of
the ANN method. Section three presents the distributed system and its criteria considered in
this study for simulation purposes. Section four analyzes and discusses the simulation results.

Section five, finally, provides conclusions and future scope.

DISTRIBUTED POWER SYSTEM

This paper considers the distributed system described in (Hasheminejad et al. 2016) that
includes four generators with power supply capacities of 1000MVA, one step down
transformer to reduce the voltage from 765Kv to 500Kv and five 500Kv buses. Figure 1
shows the one-line diagram of this system and the length of transmission lines between buses

as well. Moreover, the system's frequency is selected 50HZ.
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Figure 1 One-line diagram of the distributed system (Hasheminejad et al. 2016)

The transmission line across bus A to B is considered as fault protected line; the protection
system, moreover, is placed at bus A that named Relay in Figure 1. The line's current
information, furthermore, is measured by a current step down transformer of 1600A/5A that
has 1 Tesla magnetic flux density at its knee point for every phase. It's considered that all
faults occur at 50Km distance from bus A as well. It's noteworthy that fault detection in this
system is performed by the current analysis of three phases. Table 1 shows the transmission

lines properties of the distributed system.
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Table 1 Properties of transmission lines

Row Parameter Value
1 Per unit impedance (zero sequence) 0.2638 Ohm/Km
2 Per unit impedance (positive sequence) ]0.0195 Ohm/Km
3 Per unit inductance (zero sequence) 0.0359 H/Km
4 Per unit inductance (positive sequence) 0.0106 H/Km
5 [Per unit capacitance per unit (zero sequence)| 5.75e-9 F/Km
6 Per unit capacitance (positive sequence) 8.74e-9 F/IKm

The specified distributed system is created by SimPowerSystems toolbox in MATLAB
(version R2018b). For simulation purposes, a desktop computer is used with an Intel Core i7
processor, 6 GB of RAM memory and Windows 7 operating system. The distributed power

system, additionally, is illustrated in Figure 2.
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Figure 2 Simulation of the electric distribution system

ARTIFICIAL NEURAL NETWORKS

ANN method as one of the sub-branches of artificial intelligence has two crucial abilities
include training and predicting. This approach was inspired by the biological performance of
the human brain that considers a collection of inputs as a training dataset and behaves based
on it (Ozkan & Erdemir, 2021; Ulas & Ozkan, 2019). Every ANN model includes a set of

source nodes (units) as the input layer, a collection of hidden nodes that make at least one
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hidden layer, and one output layer as well. The number of units in the input-output layers only
depends on the number of variables in input and output. But, the number of hidden layers and
their nodes affects the generalization capability of the neural network (Ozkan et al., 2021;
Ozkan & Erdemir, 2020).
In an ANN model, the hidden layer has a vital role hence it must be organized carefully, if a
small value opted for the layers and its nodes, the performance of the network may not be
satisfactory and if it is selected too large, it will be over-fitting and the network performs a
poor generalization on the new data. Moreover, the training phase of a MLP means
determining parameters of the network include weights of connections. In fact, it needs to find
the best value for the weights in the way that the error between the actual output and the
similar value of training data will be minimal (Ulas et al., 2019).
In this study, Levenberg-Marquardt algorithm and Multilayer Perceptrons (MLPs) class has
been used for modeling the ANN approach. The training algorithm is the mean square error
and the applied activation functions are piece-wise linear, hyperbolic tangent and logistic
function, as shown in Eqgs.(3)-(5), respectively.
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Considering that the ANN model has been developed to detect earth faults throughout the
electricity transmission lines then the input layer has nine nodes that include sensed data of
the three continuous samples of each three phases. The output aimed to determine fault
occurrence therefore it only has one node in that, the range between [0 0.5] refers to the
normal condition of the distributed system and the range [0.5 1] demonstrates fault

occurrence. Although different numbers have been considered for the hidden layer nodes, the
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satisfactory response has been produced by ten units. Figure 3 shows the feedforward

developed ANN model.

Neural Network
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Figure 3 Training process of feedforward ANN model
Moreover, the ANN method needs a suitable training dataset to respond accurately to the fault
circumstances. This required data is obtained by running the simulation model in the last
section for many operating modes include normal and fault conditions. As could be seen in
Figure 3, the training process has been stoped in the 19th iterations. Training error diagram in

terms of repetition is shown in Figure 4 in which the best validation performance has been

marked.
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Figure 4 The ANN model best training validation
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The error histogram, train process, validation and test of the developed ANN model, are
illustrated in Figure 5 and 6 respectively. These diagrams have been obtained by MATLAB

software using ANN toolbox and appropriate code.
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Figure 5 The ANN model error histogram
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Figure 6 The ANN model training, validation and test

SIMULATION RESULTS

In this section, the performance of the proposed method is investigated by applying different

types of fault to the specified distributed system. These faults include symmetrical and
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unsymmetrical earth faults described in (Grainger, Stevenson, and Stevenson 2003). A
competitive analysis, moreover, has been performed between the proposed method
performance and the WPVT technique presented in (Escudero et al. 2017). The considered
faults are as follows:

e Symmetrical three-phase to the earth

e Unsymmetrical two-phase to the earth

e Unsymmetrical one-phase to the earth
Also, the sampling frequency of 100 kHz is selected for all simulations and it is assumed all
faults occurred at 0.06 seconds.
The first investigated fault case is a symmetrical three phase to the earth in the transmission
line that connects bus A to B. Also, it is assumed that the fault resistance is 20 ohms. Due to
this condition, the current and voltage's waveform of the line will fluctuate. Figure 7 and 8

illustrates these fluctuations in this circumstance.
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Figure 7 Voltage variations in the case of symmetrical three-phase to the earth fault
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Figure 8 Current variations in the case of symmetrical three-phase to the earth fault
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Based on the method presented in (Escudero et al. 2017), initially, the park parameters are
extracted from the current signal of the line in which fault occurred. Then, the Haar Wavelet
transformation is applied to these parameters, and approximation diagrams are obtained.

For the purpose of recognizing this type of fault by the WPVT technique, the threshold limit
value needs to be selected very low (in such a case 0.05). Nonetheless, it is impossible to
select such a small value in practice since thereby it could be the usual transient normal
conditions of the distributed system are also recognized as a fault. The fault, however,
detected by the WPVT and ANN methods at 0.1028 and 0.063 seconds respectively.

In the first unsymmetrical fault case, it is assumed that two phases are connected and then it
comes into contact with the earth. In addition, the impedance of the earth is assumed 1000
ohms. As a result of this situation, the current and voltage waveform of the phases changed,

as illustrated in Figure 9 and 10.
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Figure 10 Current variations in the case of unsymmetrical two-phase to the earth fault
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As can be observed, in this situation the waveform of voltage is slightly changed because the
impedance of the earth fault is too high. Also, the current waveform changes are not
dissimilar with the usual grid states. In such a condition fault recognition is difficult
particularly in methods that compare current samples with a constant threshold and former
samples.

At the moment of fault, some more frequency components add to the frequency terms of the
original signal which makes distinct parameters of the park transform. The WPVT and ANN
methods, however, sensed this fault at 0.109 and 0.06174 seconds, respectively.

In the second unsymmetrical fault case, one phase is connected to the earth and the
impedance of the earth is assumed as 100 ohms. As a result of this fault, the current and
voltage waveforms have fluctuated slightly. Figure 11 and 12 illustrates the transmission line

waveforms.
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Figure 11 Voltage variations in the case of unsymmetrical one-phase to the earth fault
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Figure 12 Current variations in the case of unsymmetrical one-phase to the earth fault

In this case, by choosing 0.5 for the threshold limit value, this fault was recognized at 0.079

seconds by the WPVT method. Also, the ANN method detected this fault at 0.062 seconds.

A detection time comparison between the two methods is illustrated in Figure 13. As
mentioned before the faults are occurred at 0.06 seconds and the ANN method is detected all
three types of faults in less than 3 milliseconds after it happens. While the WPVT technique
is recognized the unsymmetrical one phase fault in 19 milliseconds, also it sensed the other
two faults in less than 50 milliseconds. Figure 13 clearly shows the faster response of the

ANN method in compassion to the WPVT method.
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Figure 13 The detection time comparison between WPVT and ANN methods

Another remarkable characteristic of the ANN method is its trainability. With an adequate
dataset and appropriate training, the protection system will perform fault recognition quicker
and more accurately. Also, it is attainable to have a reliable protection system with a
desirable impact of operational risk.

In addition, if new fault mods occur in the distributed system, the new modes can simply be
defined as a fault for the ANN protection system and with the appropriate training, it can
detect all same mods across the system. Whereas, in traditional fault detection systems new

faults are definable with the replacement of all relays through the system which is very
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expensive to implement.
The last comparison between the two methods is based on the number of correct fault
detection. As Figure 14 illustrates, 120 different symmetrical and unsymmetrical faults are
examined with both methods. The ANN is found 117 faults correctly and the WPVT method
is detected 110 cases which means the proposed method improves the reliability of the
system up to about 98%.

120 ® ANN method

118 I Wavelet and park method

116

114 117

112 97.5%

110 "

108 \
110

91.6%

Number of faults

106

104 ‘
102
100

Figure 14 The detection number comparison between WPVT and ANN methods

CONCLUSION

This article proposed a novel ANN based protection system for microgrids. The effectiveness
of this system, moreover, was investigated by the implementation of a distribution network
and applying the different earth fault modes in the MATLAB simulation environment. The
fault mods examined in this study include one phase, two phases and three phases earth
faults which the suggested method successfully recognized all faults and made faster
responses in comparison to traditional methods. The results, furthermore, proved that the
protection scheme could successfully satisfy all design objectives in particular the accurate
detection and quick response. It is expected that this powerful approach reduces the
operational risks and extends the reliability of distributed systems; in particular, microgrids
that consist of renewable energy resources.

This paper, however, concentrated on grid-connected microgrids although island mode

13
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situations make different criteria for fault detection. Therefore, these conditions will be

analyzed in future studies.
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