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Abstract—One of the reasons for not achieving satisfactory
indices of Power Quality (PQ) is due to the discontinuity of
power supply in Distribution Systems (DS), usually caused by
the occurrence of short-circuits. In this context, to characterize
these occurrences, a database was compiled by simulations in the
IEEE 34-bus DS using the ATP (Alternative Transients Program)
software. In these simulations, the type, location and fault
impedance were used as parameters. The voltages and currents of
all three phases of the power quality meters optimally allocated
in the DS were considered. Based on these measurements, the
J48 decision tree algorithm was used to identify in which area
of the 34-bus DS the single-phase faults occurred. In order to
use the J48 decision tree, the WEKA (Waikato Environment
for Knowledge Analysis) software was used. Promising results
demonstrated the effectiveness of the proposed algorithm to
locate the single-phase short-circuit situations considered.

Index Terms—decision trees, distribution systems, fault loca-
tion, power quality meters.

I. INTRODUCTION

Power Quality (PQ) is an area of Electrical Engineering
in which its scope is difficult to determine as it covers a
wide range of aspects from generation to transmission and
electric power distribution, as well as the end consumers of
the product “electricity”. Thus, as PQ affects all end users of
the electrical system, power utilities should take into account
the relationship between the system users equipment with the
available voltage levels. The energy end consumers, mainly the
industrial ones, should also respect the other users connected
to the Distribution Systems (DS) by controlling the possible
sources of disturbances associated with PQ and mitigating
the problems that can arise when connecting their linear or
nonlinear loads to the network [1].

As presented in [1], PQ is an important aspect for power
systems, significantly affecting the operation, safety, efficiency
and rehabilitation of the entire system. Among the various
definitions, the term PQ has been generally used to express
the quality of voltage supply according to pre-established
standards. Taking this into account, PQ can be defined as the
measurement, analysis and improvement of the voltage in a

bus in order to keep its form close to the sine wave, with
fixed amplitude and frequency. Utilities and end users agree
that more than 60% of PQ problems are caused by natural
and unpredictable events, such as: short-circuits, lightning, fer-
roresonance and geomagnetic induced currents, among others.

Short-circuits are among the various causes of PQ dis-
turbances in power systems. In this scenario, in order to
reduce the damage to consumer loads, it is essential that
these short-circuits are accurately and quickly located [2]. It is
worth noting that, depending on the DS protection philosophy
applied by many power distributors, the precise location of
short-circuits is based purely on information provided by the
system users and tests to delimit the area where the disturbance
occurred [3].

The initial searches for fault location were aimed at
the transmission lines. They were based on the apparent
impedance calculations, which were defined based on the cur-
rent and voltage phasors under analysis. These techniques were
developed and improved after the introduction and widespread
use of micro processed equipment [4]. Subsequently, tech-
niques based on artificial intelligence were developed aiming
at locating the faults as efficiently, or even more, than tradi-
tional methods.

Specifically focusing on DS, research carried out by [5]
used artificial intelligence techniques for fault location. In this
research, signals resulting from short-circuits were processed
by using the Wavelet Transform (WT) and were then applied
to Artificial Neural Networks (ANN) and Fuzzy Logic to locate
faults. [6] presents an approach using ANN and Discrete
Wavelet Transform (DWT) considering the fourth level of
decomposition with Daubechies 4 as the mother wavelet. [7]
used multi-agent systems to determine in which area of the
system the faults occurred. [8] developed a methodology based
on the decision tree algorithms C4.5, ID3, Gini and Chi, and
also used a single measuring point in the substation of the
tested system. Regarding an approach based on a previous
allocation of power quality meters, [9] developed an analytical
method to determine the location of fault occurrence.



Considering that faults must be quickly and accurately
located, this research proposes using a J48 decision tree
algorithm to locate the area and the fault occurrence zone,
based on data extracted from three-phase voltage and current
signals recorded by PQ meters optimally allocated in the
system. Another point that this research intends to better
answer is related to multiple estimations of fault location from
a specific point, usually a measurement point on the electrical
system of interest [10]. This multiple estimation can occur
due to the various paths using the same length that can exist
until the actual short-circuit position, considering the main
feeder and the various lateral branches that there may be in a
distribution system.

Besides this introduction, this paper is divided into three
other sections. Section 2 presents the methodology adopted
in this research. Section 3 presents the results and Section 4
draws the relevant conclusions of this research.

II. METHODOLOGY

In this research, the model of the IEEE 34-bus DS was
considered, where the three measurement points are the opti-
mal allocation of PQ meters. This optimum allocation of PQ
meters results from previous work [11] and is not the focus
of this article. After that, the system was divided into three
areas. In sequence, eleven specific zones to locate possible
short-circuits were defined based on these three areas.

For the moment, only single-phase short-circuits were sim-
ulated and considered in this research. Depending on the type
of fault, the area and the zone where each fault occurred were
determined by using the J48 decision tree [12]. Each of the
main steps of the developed algorithm will be presented and
described in this paper.

It should be noted that all data processing was performed
on a PC core i7 @3.6 GHz and 16 GB RAM.

A. Modeled system and simulations

In order to use the J48 decision tree for fault location, a prior
model of the IEEE 34-bus DS was used [13]. An interface
between the ATP [14] and MATLAB [15] was considered in
the simulations to handle and process the required information
more efficiently.

For this research, an optimized PQ meter allocation [11],
considering only three PQ meters, provided sensitivity to
observe all the voltage sags with a remaining voltage of at
least 0.9 p.u. on the 34-bus DS. Based on the position of
these three PQ meters, the 34-bus DS was divided into three
areas, as shown in Figure 1.

In each simulation of the short-circuits used, a sampling rate
of 256 samples per cycle was considered. In order to estimate
the fault distance from one of the three meters allocated, a
post-fault cycle of three-phase voltages and current signals
was considered. As for the fault positions, they were used in
DS branches with less than 800m at 1%, 25%, 50%, 75% and
99 % of its length. For line lengths longer than 800m, the
short-circuit situations were applied every 200 meters. It is
worth mentioning that a threshold of 200 meters was adopted

because of the future aim of exact estimation of the distance
to fault, within an average error of approximately 200m.

In addition to the fault position variation, the values of fault
impedances 0.0001 €2, 10 €2, 20 €2, 30 €2, 40 2 and 50 €) were
also considered to generate a dataset to train the algorithm. To
generate a test dataset, faults applied every 50m and the fault
impedance values of 5 €2, 15 2, 25 ©, 35  and 45 Q) were
used.

For this research, it was considered that all the processing
of the information from the three allocated PQ meters will be
concentrated in the fault location system, as shown in Figure
2.
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Fig. 2. Data acquisition from PQ meters installed in the system.

For each of the three allocated meters, a specific area was



defined. Thus, the meter of this specific area will be considered
for the precise location of short-circuits depending on the
area where the fault occurred. Thus, after detecting the fault
occurrence and its location regarding the short-circuit type, the
zone where the fault occurred will be estimated based on data
from the three-phase voltage and current signals of the meter
allocated in the area to which the zone belongs.

Therefore, eleven zones were characterized using the fol-

lowing criteria:

1) In each of the three areas delimited by the three allocated
meters, a zone delimiting the main feeder was assigned;
and

ii) Each lateral branch was considered as a zone.

Figure 3 presents the 34-bus DS divided into eleven zones.
Table I shows the areas related to each type of single-phase
fault considered.

Size of zones
Zone 01: 11.14 km
Zone 02: 1.77 km
Zone 03: 20.59 km
Zone 04: 19.38 km
Zone 05: 0.92 km
Zone 06: 7.11 km
Zone 07: 3.21 km
Zone 08: 1.50 km
Zone 09: 1.77 km
Zone 10: 1.52 km
Zone 11:25.95 km

Zone 04
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Fig. 3. 34-bus IEEE distribution system divided into 11 zones.

TABLE I
ZONES RELATED TO SINGLE-PHASE FAULTS WHICH OCCURRED IN AREA
03

Fault type ‘ Zones related

A-ground 01, 03, 04, 07, 08, 09 and 11
B-ground 01, 02, 03, 05, 06. 07, 09, 10 and 11
C-ground 01, 03, 07, 09 and 11

B. Selected parameters

In the context of this research, various parameters were cal-
culated after a fault detection cycle. The calculated parameters
were:

i) RMS (Root Mean Square) value;

ii) the amplitudes and phases of components of the funda-
mental frequency; and

iii) the energy of the first two coefficients of the 4th level
of Wavelet Packet Transform (WPT) decomposition [16],

using Daubecheis with support 4 (db4) as the mother
wavelet.
As shown, to define the nomenclature of these parameters,
the following criteria were adopted:

i) RMS; fori e {IA,IB,IC,VA,VB,VC} indicates the
RMS value of the three-phase voltage and current signals;

ii) Amp; and Ph; for i € {IAIB,IC, VA, VB,VC}
respectively indicate the values of the amplitudes and
phases of the three-phase voltage and current signals; and

i) Ej; for j € {01,02,03,---,16} and i €
{IA,IB,IC,VA,VB,VC} indicate the energy of
coefficients of the 4th level of WPT decomposition of
three-phase voltage and current signals.

Therefore, for example:

i) RM Sy is the RMS value of current signals recorded by
the meters installed in the system related to phase A;

i) Ampyc and Phy o are respectively the amplitudes and
phases of the fault voltage signals recorded by the meters
installed in the system related to phase C; and

iii) Epi1rp and Egorp are the energy of the first two coeffi-
cients of the WPT fault current signals recorded by the
meters installed in the system related to phase B.

C. Identifying the fault occurrence zone

To use the J48 decision tree, WEKA software [17] was
used. For the research carried out, decision trees were built for
areas 01, 02 and 03 to determine if the phase-to-ground faults
occurred in one of the eleven zones previously described. To
illustrate, Table II shows the rules to determine whether the
single-phase fault phase A-to-ground in area 03 occurred in
zone 09. Then, by the rules illustrated for zone 9, it turns out
that the algorithm indicating the fault occurrence zone can be
compiled from a set of IF-THEN conditions.

TABLE 11
A RULE OBTAINED AFTER APPLYING THE J48 DECISION TREE ALGORITHM
TO IDENTIFY WHETHER THE SINGLE-PHASE FAULTS INVOLVING PHASE A
WITH GROUND CONNECTION APPLIED TO AREA 03 OCCURRED IN ZONE 9.

Condition Rules Zone

1 Amprp > 6149 and Egave < 0.050038 and 09
Eozra < 0.048028 and Egavp < 0.009954 and
Eoarc < 0.023392 and RMS;c < 43.562

2 Amprp > 6149 and Epayc < 0.050038 and 09
Eoara < 0.048028 and Eo2vp < 0.009954 and
Eosrc > 0.023392

3 Amprp > 6149 and Eopayc < 0.050038 and 09
Eoora < 0.048028 and Egavp > 0.009954 and
Eigyvp > 0.004245 and E1417¢c < 0.002428 and
Fasya < 0.73513

4 Amprp > 6149 and Egove < 0.050038 and 09
Eozra < 0.048028 and Eoavp > 0.009954 and
Ergyp > 0.004245 and E1s1c > 0.002428

III. RESULTS

In this section, the results obtained considering the three
single-phase fault location in the IEEE 34-bus distribution
system will be presented.



For areas 02 and 03, by the presence of lateral branches, the
possibility of multiple estimations from the meters allocated
in the respective areas can be observed. As there are no lateral
branches in area 01, there is therefore no possibility of multiple
estimations of the fault from the measurements provided by
meter 1. Since the objective of this research is to identify
the fault zone and to solve the problem of multiple fault
estimations in a better way, the focus of this article is to locate
B-to-ground faults that occurred in area 02 and faults A, B and
C-to-ground that occurred in area 03.

Initially, emphasis will be placed on the location of phase
A-to-ground faults that can occur in area 03. Considering a J48
decision tree algorithm and using training and test data from
phase A-to-ground faults applied in area 03, the time to build
the model of the J48 decision tree was 0.15 s and the time
to evaluate the test set was 0.18 s. Another point that should
be emphasized is that out of the 114 parameters presented to
the J48 decision tree algorithm to provide all the rules for the
location of phase A-to-ground faults, for area 03 only 14 of
these parameters were used by the algorithm.

The initial choice of presenting results from area 3 is
accounted for by the extent and complexity (several lateral
branches) that this area presents. Therefore, the other situations
of single-phase faults (B and C to-ground) will also be ana-
lyzed in area 3. To illustrate, the training dataset for area 03,
considering single-phase faults (phases A, B and C to ground)
has 1,956 cases, 1,638 cases and 1,314 cases, respectively.
The test dataset for the same condition and phases has 5,155,
4,135, and 3,195 cases, respectively.

In area 2, only the faults involving phase B to ground will
be evaluated as this is the only single-phase situation that can
result in multiple estimations in area 2 due to zone 2 (Figure
3). The training dataset for area 02, considering only phase
B to ground has 690 cases. The test dataset for the same
condition has 2,688 cases.

To initially demonstrate the performance of the J48 decision
trees to identify faults in the 34-bus DS, a phase A-to-ground
fault was applied in area 9 of Figure 3. The oscillography was
obtained by applying this fault, as shown in Figure 4.

From this short-circuit situation, the following values were
obtained: 63.0041 for Amprg; 0.0446 for Eyovc; 0.0426 for
FEoor4; 0.0070 for Egoyvp and 0.0268 for Egsrc. From the
values of these parameters and the rules shown in Table II,
it can be concluded by condition 2 that this fault occurred in
zone 09 of area 03.

It is worth mentioning that an accuracy rate of 99.42% was
obtained for the 5,155 simulated cases of phase A-to-ground
fault by applying the J48 decision tree. Thus, in only 30
applied short-circuits, it was not possible to correctly classify,
from the generated rules, the zone in which they occurred. The
root mean square error obtained was 0.0477.

Figures 5, 6 and 7 show the confusion matrices concern-
ing the phase-to-ground faults that occurred in area 3. The
confusion matrices shows where there is a correct location
and identifies the errors made by the algorithm. The row of
the confusion matrix shows the output zone (predicted zone)
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Fig. 4. Oscillography obtained from a phase A-to-ground fault applied in
zone 09.
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Fig. 5. Confusion matrix for localization of phase A-to-ground faults which
occurred in area 3.

and the column is the target zone (true zone). For example,
in Figure 5, 2,632 faults were correctly classified as occurred
in zone 11, 8 faults that occurred in zone 4 were classified
incorrectly in zone 11 and 4 faults that occurred in zone 9 were
classified incorrectly in zone 11. Considering these confusion
matrices, the success rate for phases A, B and C-to-ground,
respectively, were 99.4%, 98.3% and 99%.

Figures 8, 9, 10 and 11 are ROC (Receiver Operating
Characteristic) curves used to evaluate the performance of the
J48 algorithm considering the fault location applied in areas 3
and 2. These graphs show the algorithm performance for each
zone and identifies in which zone it was more difficult to locate
the faults. Thus, this type of graph will only be presented for
areas 2 and 3, which have more than one zone.

Based on the Area Under the Curve (AUC), analyzing
the ROC curves, the efficiency of the fault locator could be
determined.

Therefore, it is considered an outstanding location when



5 84 0 0 V] 1] 1] 100%
2.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
©
6 0 688 0 0 1] 1] 100%
0.0% | 16.6%| 0.0% | 0.0% | 0.0% | 0.0% | 0.0%
o7 0o 0 319 [} 0 0 100%
S 0.0% | 0.0% | 7.7% | 0.0% | 0.0% | 0.0% | 0.0%
N
59 o 0 o} 218 0 6 97.3%
8_ 0.0% | 0.0% | 0.0% | 5.3% | 0.0% | 0.1% | 2.7%
)
>
Olo V] 0 1 0 112 1 98.2%
0.0% | 0.0% | 0.0% | 0.0% | 2.7% | 0.0% | 1.8%
11 6 22 0 7 28 2643 | 97.7%
0.1% | 0.5% | 0.0% | 0.2% | 0.7% | 63.9%| 2.3%
93.3%| 96.9% | 99.7%| 96.9% | 80.0%| 99.7% | 98.3%
6.7% | 3.1% | 0.3% | 3.1% | 20.0%| 0.3% | 1.7%

5 6 7 9 10 11
Target Zone

Fig. 6. Confusion matrix for localization of phase B-to-ground faults which
occurred in area 3.
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Fig. 7. Confusion matrix for localization of phase C-to-ground faults which
occurred in area 3.

AUC > 0.9, an excellent location when 0.8 < AUC < 0.9, an
acceptable location when 0.7 < AUC < 0.8, a fair location
when 0.6 < AUC <0.7, a poor location when 0.5 < AUC <
0.6 and a wrong location when AUC = 0.5 [18].

Figures 8, 9 and 10 show the performance of the J48
algorithm for the location of single-phase faults applied in area
3. Figure 11 refers to the phase B-to-ground faults applied in
area 2.

In all these figures, the AUC values are above 0.9. In Figure

11, the performance of the algorithm to identify faults that
occurred in the main branch (zone 3) was already similar to
the fault location that occurred in the lateral branch (zone 2).
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Fig. 8. ROC curve to locate phase A-to-ground faults which occurred in area
3.
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Fig. 9. ROC curve to locate phase B-to-ground faults which occurred in area
3.

IV. CONCLUSIONS

This research presented promising results using decision
trees to estimate the location of single-phase faults on the IEEE
34-bus distribution system. In areas 2 and 3 defined in the
distribution system, and for now, considering only single-phase
faults, the J48 decision tree algorithm presented excellent
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Fig. 10. ROC curve to locate phase C-to-ground faults which occurred in
area 3.
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results in identifying the occurrence zone on the IEEE 34-
bus DS. The results were mainly investigated using confusion
matrices, as well as ROC curves. The confusion matrix shows
where there is a correct location and identifies the errors made
by the algorithm. Based on the Area Under the Curve (AUC),
analyzing ROC curves, the efficiency of the fault locator could
be determined.
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