
A BP Neural Network Based Technique for HIF

Detection and Location on Distribution Systems

With Distributed Generation

Arturo Suman Bretas1, Luciano Pires1, Miguel Moreto2, and Rodrigo
Hartstein Salim1

1 Federal University of Rio Grande do Sul
Av. Osvaldo Aranha, 103
Porto Alegre, RS, Brazil

abretas@ece.ufrgs.br, lopires@gmail.com, salim@eletro.ufrgs.br,
WWW home page: http://www.ece.ufrgs.br/~gmasp

2 Federal University of Santa Catarina
CEP 88040-900
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Abstract. High Impedance Faults (HIF) are faults of difficult detection
and location while using traditional digital relaying. In this article it is
presented a new proposal for detection and location of HIF’s in distribu-
tion systems with distributed generation (DG), based on artificial neural
networks. The methodology inputs are the local measured voltage and
current phase components, supplying as output the detection, classifica-
tion and location of the fault, when it occurs. The basic characteristics,
the algorithm and comparative tests with other detection and location
methodologies are presented in this article. The proposed scheme was
tested in a simulation platform of a distribution system with DG. The
comparative results of the technique with usual fault detection and lo-
cation schemes show the high efficiency and robustness of the method.

1 Introduction

The detection and location process of high impedance faults (HIF) in power
distribution systems (PDS) are becoming one of the major problems for the pro-
tection systems of the electric power distribution companies. Besides presenting
characteristics that can be confused with normal operations in the network, its
low magnitude fault current inhibits the detection of this kind of failure when
overcurrent relays are used.

The HIF’s are faults caused by the contact of line cables with trees or ground
[1], originating a situation with high danger to the population. Moreover, the fact
that these faults are not usually detected puts also in risk the maintenance staff
of the distribution companies.

A new difficulty managed by the protection systems of distribution companies
nowadays is the new trend on the distribution systems, known as distributed



generation (DG). DG is defined as the generation of power inside the PDS. But
these new sources of power have impacts in the PDS.

The main consequences of the presence of the DG in PDS are the changes
in magnitude, direction and duration of the fault currents, making necessary a
reformulation of the planning of the PDS protection schemes.

With the intention to reduce the problems caused by the HIF occurrence,
several studies were developed, in order to characterize HIF. Among the several
characteristics observed, it could be cited: the measure of the imbalance between
phases [1], the angle difference between the complex numbers representing the
fundamental component of the voltage and the 3rd harmonic of the current [2],
[3], and the voltage and current harmonic content analysis [4], [5].

In opposition to the necessity of total reformulation of the distribution sys-
tems protection schemes and with the intention to reduce the problems caused
by the HIF, the present work proposes a new method to detect and locate high
impedance faults in distribution systems with DG. The above-mentioned method
is based on artificial neural network (ANN).

2 High Impedance Faults

The HIF are a special case of faults that can occur in power systems. Its low
fault current magnitude and the presence of an electric arc make its detection,
and also its modeling [6], difficult. The existence of an electric arc in the fault
occurrence generates a non-linear characteristic, as can be seen in Figure 1(a).

The non-linear characteristic denotes to this phenomenon a unique harmonic
content, as illustrated on Figure 1(b). This particular behavior is used to char-
acterize HIF, according to the studies made and presented in [2], [3], [4], [5]. The
modeling process of HIF in this work was based in the model proposed in [7].
This model is shown in Figure 1(c).

3 Distributed Generation Impacts

The addition of new generation units to the PDS has great consequences in the
overall operation of these systems. The main change is the loss of the radial

(a) Current and voltage relation.

0 0.01 0.02 0.03 0.04 0.05 0.06
−40

−20

0

20

40

60

Time [s]

F
au

lt
 c

u
rr

en
t 

[A
]

0 60 120 180 240 300 360 420 480 540
0

5000

10000

Frequency [Hz]

M
ag

n
it

u
d

e

(b) Harmonic content.

Fault point

(c) Model.

Fig. 1. High impedance faults.



characteristic of the PDS, changing the original power flow of the system. This
makes necessary a modification in the protection systems parameters. In result of
these facts, the reliability, the safety and the efficiency of the protection systems
are affected by the DG. With this, the system capacity in maintain the electric
power supply with minimum interruptions, with quality and without putting
the system and the consumer in risk gets compromised, making necessary a new
approach for PDS protection that considers the DG.

4 Artificial Neural Networks

As described in [8], mathematical models of the biological neurons and its inter-
connections were developed aiming to represent its processing properties, such as:
learning, generalization, non-linearity, failure tolerance and answer to evidences.
The ANN operates in two stages: the training and the test process. The training
process trains the ANN so it outputs the correct results of the process. In this
stage, different data, covering both faulty and non-faulty states of the system,
are presented to the model. This work is done through different optimization al-
gorithms and the one used in the present work is the backpropagation algorithm
[8]. The test stage is the process where another data in presented to the trained
ANN and the results are verified for the validation of the ANN performance.

5 Proposed Scheme

The proposed model to HIF detection and location in PDS with DG was devel-
oped based in ANN, having four different processes, as shown in Figure 2.

5.1 Data Acquisition

The first part of the scheme consists in the data acquisition for the ANN training
and test processes. This data acquisition can be done through a digital fault
recorder, a digital relay or even with computer simulations of the system model
in which the method will be applied.

5.2 Characteristics Extraction

With the data obtained in the above mentioned process, the characteristics ex-
traction process begins. In this process the filtering of the information obtained
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Fig. 2. Proposed scheme.



in the data acquisition is done. This process was developed with the philosophy
of detect and locate HIF.

As described in [2] and [3], the angle difference between the complex num-
bers representing the fundamental voltage phasor and the 3rd harmonic current
phasor is a good track of HIF occurrence. Thus, this relation is used to detect
and locate faults in the proposed methodology. The fault type classification, in
turn, is done with the symmetrical components unbalance analysis of the current,
present in the system.

The subroutine has a Fourier Filter, with the addition of the algorithm pro-
posed and described in [9], for voltage and current data DC component elim-
ination. This filter extracts the 2nd, 3rd and 5th harmonic components that,
in addition to the voltage and current fundamental phasors, are the extraction
process output data.

5.3 Fault Detection and Identification

The fault detection is based in the 1st, 2nd, 3rd and 5th harmonics of the sym-
metrical components of the current phasors measured at the local terminal. In
one time samples intervals, these components are calculated, using a one-cycle
sampling window (fundamental frequency) in the algorithm described on section
5.2, and the fault state is identified, with the output vector of this ANN repre-
senting the type of fault and the phases involved. If a fault state is identified for
more than 10 consecutive samples, a fault state is detected and the incidence
point is determined.

5.4 Fault Location

Once the fault detection and identification process is complete, the fault location
process starts. This routine is based in two different ANN: one is trained for phase
faults and the other for ground faults. The input vector of these ANN are based
in the phases involved in the fault, and contains the fundamental voltage and
current components (
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∣), the angle difference between them (∆θ1h)
and the angle difference between the complex numbers representing the voltage
fundamental phasor and the 3rd harmonic current phasor (∆θ3h), as illustrated
in Equation 1.
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6 Tests and Results

The proposed scheme was tested in the modified system from [10]. A 3.2MVA/
440V distributed generation facility was added to this system, in order to validate
the methodology. The distribution feeder is illustrated on Figure 3.

Different types of faults were simulated: Phase-to-ground, double-phase, dou-
ble phase-to-ground and three-phase. A total of 67 fault points were simulated
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Fig. 3. Distribution feeder model.

for each type of fault, and for each point, high impedance faults, faults with
linear resistance of Rfault = 0, 10, 20, 50, 100 Ω and even non-fault cases were
simulated. The faults were simulated using the ATP/EMTP Software [11].

These data was used for the training and validation processes. After the ANN
training, the methodology was tested and the results are shown above.

6.1 Fault detection results

The results obtained with the proposed methodology for fault detection are
shown on Table 1. The methodology was compared for the same fault cases
with an overcurrent relay scheme (set with a detecting current of two times the
maximum load current) and achieved 100% of correctness for all fault types and
resistances (including HIF) and fault distance, showing its robustness for these
parameters.

6.2 Fault location results

The methodology performance analysis was accomplished based on the percent-
age of the fault locating error in respect to the total line length. The methodology
was tested and compared with a classical fault location method, presented in [12],
for the same fault cases.

The maximum error obtained with the proposed fault location methodology
for ground faults and 100% load was approximately 7%. Parameters like fault
resistance, fault distance and HIF have few influence in the proposed scheme,
not affecting its performance. For the same cases, the classic method obtained
results with severe influence of the same parameters. For fault resistances higher
than 50 Ω or HIF, the classic algorithm did not converged.

Phase faults have a lower maximum error with the proposed algorithm,
around 4%. The same happened for the classic method, but it still suffers great
influence from fault distance and its resistance.

Rfault 0 Ω 10 Ω 20 Ω 50 Ω 100 Ω HIF

Ground OR 47.76% 0% 0% 0% 0% 0%
Faults ANN 100% 100% 100% 100% 100% 100%

Phase OR 46.27% 13.43% 0% 0% 0% 0%
Faults ANN 100% 100% 100% 100% 100% 100%

Table 1. Correct detection values for Overcurrent Relay and ANN techniques.



7 Conclusions

In this article a new HIF detection and location methodology for PDS with DG
is proposed. The algorithm and its theoretical basement are also shown in this
work. The results had shown the robustness of the scheme for fault parameters
such as: fault resistance, fault distance and HIF. The DG does not affect the
algorithm performance. Comparing to classic methods, the quality of the results
obtained is verified. The results of this work also show that the methodology is
worthy of continued research aiming real time applications.
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