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An Accurate Approach for Detecting and Classifying
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ABSTRACT
The High Impedance Faults (HIF) are the faults which are difficult to detect by the overcurrent

protection relays.

In this paper an accurate approach for detecting and classifying the HIF in

distribution systems is presented. The proposed approach recognizes the distortion of the current
waveforms caused by the arc usually associated with HIF. The Discrete Wavelet Transforin (DWT)
based pattern recognition is used for extracting the current signals. DWT detects the fault using the
absolute sum value of coefficients in Multi-resolution Signal Decomposition (MSD) over one cycle.
The single line to ground, the double line to ground, and the three lines to ground faults are classified
using three simple logic functions. The proposed approach is verified by applying several fault
scenarios on lEEE-13 node test system. The results confirm that the proposed approach can
accurately detect and classity HIF in the distribution systems.

Keywords - Fault Detection, Fault Classification, HIF, DWT, Distribution Systems

1. INTRODUCTION

Detection of high impedance faults (HIF) still
presents important and unsolved protection
problem, especially in distribution networks [1].
This type of fault usually occurs when a conductor
touches the branches of a tree having high
impedance or when a broken conductor touches the
ground. In the case of an over-current relay, the
low levels of current associated with HIF are below
the sensitivity settings of the relay [2].

In recent years, many researchers represented
various techniques in the HIF detection. The
application of two Artificial Neural Networks

(ANN) based algorithm for HIF detection in multi-
grounded medium-voltage (MV) networks is
presented iy [3], where two signals are used to detect
HIF in the system through the power calculation. An
intelligent approach for HIF detection in power
distribution feeders using Probabilistic Neural
Network (PNN) and Forward Neural Network
(FNN) is used in [4]. This technique uses the
harmonic coniponents of fault currents during HIF as
an input to an estimated Kalman Filter. In [5] an
approach to protect the radial power system against
faulty conditions using fuzzy-logic scheme is
introduced. In this approach the signals of both
voltage and current are used for detecting the HIF,
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08, - ..
T T T T T T T
ey

warr —egy
acsl (a) Feeder 1 | nosm
0%
Joor
oos)
a0
om
=
= I _
Time, seconds
wn- T T r T Bl T :::
oot (b) Feeder2  |=o% 1
el [ _
im
m.
ot
I\ Al
’ * Time, seconds
oy T T t - T oy
=
1 (c) Feeder 3 -
4083 4
ot F
A n
000 [T [:X.-
- Time, seconds
anz - ~r - ~ -+ - ¥ =
_ =
] n (d) Feeder 4 ]
i«m - H :
"u.mﬂ - 360 ;n
Time, seconds

Fig. 4: Absolute Sum of d3 for Different Feeders at SLG
Fault at node 675

Fig. 5 demonstrates the classification logic
output. It is shown that, phase b in all feeders have
a logic output of "1" at arc fault instant. In order to
find the faulty feeder the detector S; of the faulty
feeder is the highest when a comparison is carried
out between the feeders at phase b as shown in Fig.
6. It is noted that Sy is the highest one, Therefore,
the detected fault is SLG at phase b of feeder 1.
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Fig. 5: Qutput of logic functionl for different feeders

B. Double Line To Ground Fault(DLG)

A DLG fault is implemented at node 675 for
phase b and phase ¢. The absolute sum of d3 for
three feeders (1, 2, 3) is shown in Fig. 7. It is noted
that, the Sp and S;. are higher than Sy at all
feeders. As expected, the magnitudes of the
absolute sum of the two faulted phases (at high
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frequency currents) are higher than the threshold
value.
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Fig.7: The absolute sum of d3 for different feeders at DLG
fault at node 675

Fig. 8 illustrates'the classification logic output.
It is shown that, both phase b and phase c at all
feeders has a logic output of "1" at instant of arc
fault. To find the faulty feeder the detector Sy of
the faulty feeder has the highest value of the
detector when a comparison is carried out between
the feeders at phase & and ¢, as shown in Fig. 9. It

E. 29

is shown that, the S;;, and Si; have the highest
values of the detector. This means that, the fault of
DLG fault is detected at phase b and ¢ of feeder 1.
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C. Three Phase Fault(3LG)

A 3LG fault is implemented at node 675. The
performance of detector S; for different phases and
feeders is shown in Fig. 10. As expected, the
magnitudes of all phases (at high frequency
currents) are much higher than the threshold value.

Fig. 11 illustrates the classification logic output.
It is shown that, three phases in all feeders have a
logic output of "1" at instant of arc fault. In order
to find the faulty feeder for the detector S; of the
faulty feeder has the highest value compared to the
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feeders at certain phase as shown in Fig. 12. This
means that, the fault is 3LG fault detected at feeder

1.
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It is clearly seen that, the proposed approach
successes to detect and classify the HIF location as
well as the fault type in all cases; single line to
ground fault, double lines to ground fault, and three
phases fault. The scenario of applications proves
the simplicity and accuracy of the proposed
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approach. Add to that, the proposed approach is
independent on the load type or the load balance.

IV. CONCLUSION

This paper introduces an accurate approach for
detecting and classifying the HIF in distribution
systems. The proposed approach recognizes the
distortion of the current waveform caused by the
HIF arc using DWT. The intelligence of the

proposed approach ‘is based on three simple logic-

functions. The logic functions are designed to
classify not only the fault location, but also the
fault type.

The IEEE 13-node benchmark distribution
system is used for the proposed approach
validation. Different scenarios using Matlab-code
simulation have been efficiently applied three fault
types; SLG, DLG, and 3LG.

It is clearly seen that, the proposed approach has
been applied accurately and successes to detect and
classify the fault location as well as the fault type in
a simple way. Furthermore, the proposed approach
is independent on the load type or the load balance.
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