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a b s t r a c t
This paper presents an assessment between Principal Component Analysis (PCA) and Wavelet Transform
(WT) signal processing techniques applied for Transmission Lines (TLs) lightning stroke classiﬁcation. In
this work, the atmospherics discharges signals are analyzed in two steps. The ﬁrst step objective is patterns extraction, which is developed through Principal Component Analysis and the Wavelet Transform.
The second step objective is pattern classiﬁcation, which is developed using three different techniques:
Artiﬁcial Neural Network (ANN), k-Nearest Neighbors (k-NN) and Support Vector Machine (SVM).
This work presents as assessment of lightning stroke classiﬁcation, providing useful information, especially in extraction and selection of mother functions and the use of PCA. Both methodologies are assessed
under different lightning stroke conditions. Features as extraction, speed, orthogonal functions and others
are comparatively assess.
Results show that by using PCA, optimal mother functions can be extracted, presenting a new alternative for relaying protection.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Electric Power Systems (SEP) are daily exposed to disturbances.
Events as faults produced by trees, birds, weather and others
affect the system continuity operation [1–3]. However, between
all possible disturbances, lightning is the severe, affecting specially
transmission line protection relays [4–10].
Lightning effects on system devices can be divided in two: ﬁrst
when their overvoltages do not exceed the Basic Insulator Level
(BIL), a fault is not produced and therefore the protection relay
must not send a trip order. Second, when the generated overvoltage exceeds the Basic Insulator Level, a fault is produced and
the relay must send the trip signal [11]. In this context, it is clear
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that protection devices must correctly classify these phenomena,
but currently, traditional relays performance under lightning conditions still has room for improvement [12–14]. Therefore, it is
crucial for relaying performance, correct lightning stroke classiﬁcation.
Analyzing lightning induced overvoltages, it becomes clear that
there is a difference between lightning stroke signals that generate
or not faults, especially in their high frequency transient waveforms. However, the adequate extraction of their features depends
of the Signal Processing Technique applied. An essential requirement in protection relays is to accurately classify different patterns
corresponding to lightning stroke. For this reason, a very effective feature extraction is the most important step to improve the
accuracy of lightning patterns classiﬁcation.
Based on the above stated, for many years wavelets transforms
have been widely used for the lightning stroke classiﬁcation, especially because of their performance and applications [13,17]. On
the other side [18,19], presented a new approach for the lightning
stroke classiﬁcation. This proposed approach uses Principal Component Analysis to extract different patterns, which are useful for
signal classiﬁcation.
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Since the progress and development of new samplers, computational efﬁciency, new microprocessors technologies and others
[15,16], new Signal Processing Techniques can be applied to
develop more dependable protection algorithms. Thus, currently,
several Signal Processing Techniques can be considered for new
protection methodologies. However, in order to determine if a technique can be considered as an option in protection algorithms, it
is necessary to assess this technique. In the work, a comparison
between the Wavelet Transform and a new technique based on
Principal Component Analysis is presented.
In this context, in previous authors publications, initial evaluation of the advantages and disadvantages of Principal Component
Analysis and Wavelet Transform applied for the lightning stroke
classiﬁcation was presented [4]. Both Signal Processing Techniques were used for extract different features corresponding to
atmospherics discharges, and an Artiﬁcial Neural Network (ANN)
classiﬁer was used for classify those signals.
Instead, in this paper a more detailed comparison by using other
classiﬁcation techniques as k-Nearest Neighbors (k-NN) and Support Vector Machine (SVM) is presented. On the other hand, in order
to illustrate the potential of the methodology based on Principal
Component Analysis, different Transmission Lines are analyzed.
In Ref. [4], different disadvantages and advantages useful for
protection relays as methodology, percent of classiﬁcation using
ANN, pattern extraction, mother function and others were considered. However, in this research, not only these characteristics
but also other crucial topics in protection relays are analyzed and
discussed as follows:
• Viability using different patterns classiﬁcation techniques (kNearest Neighbors, Support Vector Machine).
• Methodology for mother functions extraction.
• Optimization for selection of mother functions.
2. Application of Signal Processing Techniques for
Lightning Stroke Classiﬁcation

By using the Wavelet Transform any signal can be analyzed as
an inﬁnite series of wavelets, expressing this signal as a linear combination of a set of function though of translations () and dilations
(s) of a mother wavelet [20]. The methodology for lightning stroke
classiﬁcation based on MRA is developed through the following
processing:
• Data collection through simulation in ATP program.
• Processing through Multiresolution Analysis, the function is
expressed as follows:
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function called mother wavelet.
The function is represented as:
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where j represents the decomposition level, l(i) and h(i) correspond to low-frequency and high-frequency ﬁlters, respectively.
They divide the function f(s) in two parts, the ﬁrst contains highest frequencies than fs/2, and the second contains lower frequencies
than fs/2. This last part is used in order to obtain a second level, thus
the process is continually repeated to obtain different levels. In this
context, in this paper, ﬁve mother wavelets are used, developing all
their decomposition levels.
• The patterns calculated with every mother wavelet are used as
input to the classiﬁers. They are trained and veriﬁed for every
pattern, and the best result is chosen. This process is repeated
with each classiﬁer (Artiﬁcial Neural Network, k-Nearest Neighbors and Support Vector Machine). A more detailed explication
is presented in Ref. [17].
2.2. Principal Component Analysis
By employing PCA, lightning strokes can be represented as
a linear combination of original variables. These new variables
are extracted through their eigenvectors, which have orthogonal
directions among them [21]. The methodology for lightning stroke
classiﬁcation based on PCA is developed through the following
processing:
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where f represents the vector corresponding to lightning stroke
signals, which is a signal of 3000 points, and f̄ is the mean vector.
In order to extract patterns, their eigenvectors must be calculated. They are selected based on the value of their eigenvalues.
For example, the ﬁrst eigenvector correspond to the eigenvalue,
which has the higher variance percentage. The second eigenvector
correspond to the eigenvector with the second higher variance percentage. The matrix corresponding to eigenvectors and eigenvalues
are presented as follows:
eigvector2
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where m is an integer and
expressed as:
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• Data collection through simulation in ATP program.
• Patterns extraction through PCA, which are based on the
variance-covariance matrix as follows:

2.1. Wavelet Transform

f (t) =

From Eq. (3) it is possible to see that the function is a linear
combination of wavelet approximation and detail coefﬁcients aqp
and dpq . These coefﬁcients are calculated as follows:

is the transformation
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where, aqp and dpq are the approximation and detail coefﬁcients,
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where,  represents the eigenvalues of the variance-covariance
matrix. Finally, the new patterns are represented as vectors projected on the new base corresponding to principal components.

