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Abstract—This paper presents a brief summary of previous 
work, where a new method to measure the power quality through 
electromagnetic fields radiated by distribution systems, was 
proposed.  It has been shown that is possible to measure the wave 
form irregularity of electrical signals radiated by electrical 
system by means of the sample entropy algorithm.  This work 
shows the behavior of entropy when it is used to evaluate the 
phenomena that deteriorate the power quality.  Distortions, 
transformers aging and overloadings are detected by means of 
the entropy concept. 
 

Index Terms—Entropy, electromagnetic fields, power quality, 
distortions, irregularity 
 
 

I. INTRODUCTION 

N ELECTRICAL ENGINEERING, the study of 
interruptions and wave disturbances in the electrical supply 

creates  the concept of power quality.  This approach has 
gained increasing interest in power distribution companies.  
Phenomena such as harmonics, swells, sags, flicker, etc. are 
analyzed through voltage and current signals and currently the 
power systems are permanently monitored by data acquisition 
systems. The different electrical disturbances affect elements 
of the distribution system, specially the electric transformer 
[1]. 

The electrical system monitoring is fundamental to 
guarantee a reliable and quality supply. Currently there exist 
different kind of equipment, which are able to obtain power 
quality indexes by invasive or non-invasive methods, which 
means, some of them require to be connected to the system 
and some of them does not [2][3].   The voltage and current 
measurements are done through direct interventions with 
invasive equipment on electrical installations for detecting 
incipient faults in the networks elements (transformers, 
generators, filters, loads).  This  kind of  measurements  could  
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be highly expensive if it is needed to evaluate equipment that 
is found far away from load centers of electrical system.  On 
the other hand, the non-invasive methods can be better 
candidates for evaluating an electrical system in a fast and 
practical way, the acoustic emission and the infrared method 
are two of them. 

These last are a good solution for the detection of possible 
power quality issues   through partial monitoring of electrical 
and mechanics signals produced by the system.  The signals 
are read by sensors located nearby to the elements that are part 
of the network, making them safe and practical to use [4][5]. 

 
Estrada et al [6] have been developing a new method that 

allows to obtain a power quality index.  This index is taken 
from the electromagnetic waves radiated by lines and 
transformers, as a non-invasive method.   Estrada et al 
demonstrated that the entropy of magnetic and electrical 
signals, rises when the respective wave suffers deformations 
owing to distortions produced by harmonics.  The previous 
works have focused in taking measurements from power and 
distribution systems.  The present work goes further in the 
study of the entropy behavior on several signals simulated 
under disturbances of periodical type. 

 

II. ENTROPY 

Entropy is a concept that has been applied in different 
disciplines, basically it measures the tendency of a system 
toward the chaos, (destruction, disorder, irregularity, insolvent 
systems) [7]. 

 

A. Sample Entropy – SampEn 

Richman and Moorman [8] took the studies made by Pincus 
[9] and proposed the Sample Entropy as an algorithm for 
evaluating the complexity of chaotic systems, which is based 
on a fast calculation of the variability from non-lineal time 
series.   The SampEn algorithm measures time series samples 
probability of being located at a certain distance. 

 
The Sample Entropy of a signal is obtained in the following 

way [10]: 

1. From a time series  1,..., ,...i NX x x x of length N  the 

following vectors are obtained 
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does not required knowing the signal amplitude, it is only 
needed to know the signal wave form.  This is a motivation to 
continue developing this methodology in order to achieve a 
mean of obtaining electrical signals through noninvasive tools, 
which would permit to evaluate the irregularity of the signal 
through of radiated signals of the circuit 

In order to find initiatives for the development of new ways 
to measure the power quality and to detect incipient faults, 
researchers have been done, which have consisted in field 
measurements through non-invasive methods.  Previous works 
carried out by the authors of this paper have focused in studies 
about radiated electromagnetic signals.  It has been determined 
that entropy is a tool that measures the wave-form irregularity 
promoted by phenomena that deteriorate it. 
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