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Classification of Field Leakage Current
Waveforms using Genetic Algorithms and an
Euclidian Classifier
D. Pylarinos, K. Theofilatos, K. Siderakis, E. Pyrgioti, T. Papazoglou, I. Vitellas, E. Thalassinakis

Abstract-- The shape of the leakage current waveform is
strongly correlated to surface activity, and thus to surface
condition, of high voltage insulators. Field monitoring is
necessary to acquire an exact image of experienced activity and
insulators’ performance. However, in the field, peak and charge
related values, and not the actual waveform, are commonly
recorded and investigated, but a fully representative value of
the waveforms’ shape is yet to be determined. In this paper, a
novel approach is proposed for the classification of field leakage
current waveforms that portray discharges. Two classes are
defined based on the duration of discharges. Twenty features
are extracted, from both time and frequency domain and used
as a pattern. The selection of features was based on the
literature. Two simple classifiers are employed, one based on
genetic algorithms and one based on the Euclidian distance and
results are presented.
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I. INTRODUCTION

T

he performance of outdoor high voltage insulators is
linked with several parameters related to the location,
with the pollution phenomenon probably being the most
significant problem regarding [1-3]. Leakage current (LC)
monitoring is a technique commonly applied in order to
monitor surface activity and thus surface condition and
overall performance of insulators [4]. Field measurements
portray an exact image of the performance under service
conditions and such measurements are recorded either on
insulators that are part of the network or on specially
designed testing stations [5]. However, interpretation of such
measurements is a major task [4]. In the field, several values,
most commonly the peak value and charge, are extracted and
recorded instead of the actual waveform [4]. However,
further investigation of field waveforms has shown that field
noise [6-7] and the complexity of field LC waveforms [8-9]
may lead to misleading results when such values are
employed. Therefore, the shape of field waveforms should
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be considered and classification techniques should be
applied to field waveforms in order to maximize the
efficiency of field monitoring. In this paper, field LC
waveforms portraying discharges are classified in two
different classes considering the duration of the discharges.
Two simple classifiers are employed for the classification.
The first incorporates a simple genetic algorithm approach
and the second a simple Euclidian distance classification.
Twenty different features, extracted from the time and the
frequency domain are used as a pattern.
II. SET-UP AND MEASUREMENT SITES
The LC waveforms investigated in this paper have been
recorded on insulators installed at two different 150kV
Substations of the Transmission System of Crete, Greece.
The Cretan Transmission Network is exposed to intense
marine pollution and several techniques have been employed
by the Greek Public Power Corporation to cope with the
problem [10], with the construction of an open air test
station being the most recent step [11, 12]. Eighteen
different insulators (porcelain, RTV SIR coated and
composite) have been monitored than more than six years.
A collection ring was installed at the bottom side of each
monitored insulator and the current was driven through a
Hall current sensor in order to acquire the LC measurement,
as shown in Figure 1. The acquired from the sensor data
was then transmitted to a commercially available central
Data Acquisition System (DAS), also shown in Figure 1.
Sampling was performed continuously and simultaneously
for all monitored insulators, at a rate of 2 kHz and resolution
of 12bit.
The monitoring system incorporated the time-window
technique [6-7] to record waveforms. Each waveform
recorded has a duration of 480ms. The waveform portraying
the highest peak value in the considered time window is
recorded. The time-window is user defined (from 6 hours to
24 hours), with a 24 hours window being mostly employed
due to hardware restrictions.

Figure 1. The measuring system: 1.collection ring 2.Hall sensor 3. the
DAS
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III. EXTRACTED FEATURES AND WAVEFORM DATA SET
A number of 387 discharge portraying waveforms are
employed as a data set. Investigation of such waveforms has
shown that values such as the peak value and the charge, is
not representative of the waveforms’ shape and therefore of
the experienced surface activity [8-9, 12]. Therefore, added
criteria should be employed for the classification. In this
paper, the duration of portrayed discharges is used as a
classification criterion. The waveforms are investigated and
classified by hand in two difference classes. Class A
includes waveforms that portray discharges that last four
halfcycles or less, whereas class B includes waveforms that
portray discharges that last five or more halfcycles. A set of
20 features are employed as a pattern, as shown in Table I.
Features 1-10 derive from the time domain, and features 1120 from the frequency domain, and have been chosen in
order to evenly represent both domains and also considering
the literature [4].
Regarding the time domain features, frequently used
values such as the amplitude and charge, along with
commonly used statistical values are employed. The charge
is calculated from the waveform considering the digitization
process and the applied sampling rate.
Regarding the feature domain features, it was considered
that the content of odd harmonics is commonly correlated to
the occurrence of discharges and the distortion of the
waveforms’ shape and therefore several commonly used
ratios of odd harmonics [4] are used. It should be noted that
the fundamental frequency is 50Hz and that the HD ratio is
similar to the THD ratio, with the numerator being the sum
of the odd harmonics’ content.
Further, wavelet analysis and especially MRA is
employed in order to acquire the STD_MRA VECTOR [1314]. A ratio derived from such an analysis has previously
been employed in order to export the SR ratio to classify
waveforms of low amplitude [7]. Similar ratios and also the
distortion ratio [4] given by: DR =

D1 + D2 + D3 + D4
, are
D5

considered in this paper. The frequency bands of the
STD_MRA VECTOR’s components are shown in Table II.
TABLE I – FEATURE SET
No.
1
2
3
4
5
6
7
8
9
10

Feature
Amplitude
Mean
Median
Variance
Standard
Deviation
Median
Absolute
Deviation
Skewness
Kurtosis
Interquartile
Range
Charge

No.
11
12
13
14
15
16
17
18
19
20

Feature
Third to First Harmonic Ratio
Fifth to First Harmonic Ratio
Fifth to Third Harmonic Ratio
Total Harmonic Distortion
Ratio (THD)
Harmonic Distortion Ratio
(HD)
STD_MRA VECTOR Ratio:
D1/D5
STD_MRA VECTOR Ratio:
D2/D5
STD_MRA VECTOR Ratio:
D3/D5
STD_MRA VECTOR Ratio:
D4/D5
Distortion Ratio: DR

TABLE II –FREQUENCY BANDS OF MRA
Decomposition
(A) Approximation (Hz)
(D) Details (Hz)
Level
1
0~500
500~1000
2
0~250
250~500
3
0~125
125~250
4
0~62.5
62.5~125
5
0~31.25
31.25~62.5
6
0~15.625
15.625~31.25

IV. A SIMPLE GENETIC ALGORITHMS APPROACH
Genetic Algorithms (GAs), as proposed by Holland [15],
are general search meta-heuristic algorithms based on
evolution’s principles of nature. Their initial setup proposed
by Holland concerned the optimization of bit-strings which
were called chromosomes. GAs have been proved useful and
efficient in optimization problems where the search space is
big and complicated or there is not any available
mathematical analysis of the problem.
Their function is based on the initial creation of a
population of candidate solutions, called chromosomes, and
their iterative differentiation using the operators of
evaluation, selection, crossover and mutation until some
termination criteria are reached. Evaluation is responsible
for evaluating the candidate solution using a problem
specific fitness function. The various selection operators
which have been proposed in the literature are used to
enforce the search process to emphasize in the most
promising areas of the search space. Crossover and mutation
operators, are used to produce new probably better solutions
using the population of the candidate solutions. The
crossover operator is responsible for the recombination of
existing solutions in the population whereas the mutation
operator is responsible for the random differentiation of
existing solutions. The probabilities, under which the
mutation operator is applied, control the search behavior of
the produced algorithm. For example, high mutation
probability may degenerate the algorithm to a random search
whereas a very small mutation rate may lead the algorithm in
getting trapped in local optima.
The ability to define a different fitness function for each
problem, and the flexibility of genetic algorithms to function
deploying various representations of candidate solutions
have enables their extensive use in a variety of problems. In
the present paper, we applied GAs for classifying waveforms
in two categories. Specifically, our approach attempts to
classify the two classes of waveforms linearly using a set of
20 features. In order to achieve this linear classification, the
two centers of the two classes should be determined. The
positions of these two centers are what we assigned in the
genetic algorithm to optimize. After the estimation of these
centers is achieved, each waveform is classified in the class
for which it has the minimum Euclidean distance from its
centre. Our problem thus, is formulated as finding the
optimal centers of each class with its one being composed by
20 numerical variables.
A simple GA is employed to solve this optimization
problem [16]. The data set gets normalized and two
thousands generation are employed with a crossover
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probability of 90% and a mutation probability of 10% and
different initial populations as shown in Table III. For our
problem, we selected as fitness function the classification
accuracy which is derived when the centers of each
candidate solutions are used. Then, for the initial population
showing the best results, different crossover and mutation
probabilities are employed as shown in Table IV. Fifty
present of the data was used as a training set and fifty
present as a test set. The mean value of the results of five
runs is presented in each table.
TABLE III–GA RESULTS (CROSSOVER: 90%, MUTATION: 10%)
Initial Population
Accuracy (%)
20
0.558162
40
0.561224
60
0.560203
TABLE IV–GA RESULTS (INITIAL POPULATION: 40)
Crossover (%)
0.9
0.9
0.7
0.7
0.7

Mutation (%)
0.2
0.3
0.1
0.2
0.3

Accuracy (%)
0.557142
0.560203
0.561224
0.560203
0.560203
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[2]

The employed Euclidian classifier is a rather simple
classifier based on the Euclidian distance given by

[3]

[4]

n

∑ ( yi − xi ) , where y1, y2, …, yn

The shape of the LC waveform is correlated to surface
activity and condition of high voltage insulators. Field
monitoring is essential to acquire an actual image of
insulators’ performance and experienced surface activity
under service conditions. However, extracting a
representative value from the waveform is a rather complex
task and a fully representative value is yet to be presented. In
this paper, a new approach for the classification of activity
portraying field LC waveforms is proposed. Based on the
literature, twenty different features, from both time and
frequency domain, are calculated and used as a pattern. Then
two simple classifiers, one employing GAs and one
employing the Euclidian distance, are applied in order to
classify the waveforms in two different classes based on the
duration of discharges. Results show low accuracy for the
GA classifier and significantly better for the Euclidian
classifier. Future work will focus on applying different
classification and feature selection algorithms in order to
acquire higher accuracy percentages.
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