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APRESENTACAO

Enquanto esta obra era produzida, a humanidade via-se diante de uma
de suas maiores crises recentes: a pandemia do novo coronavirus. Este cenario
escancarou a importancia da ciéncia como ferramenta e um dos pilares da evolucéo
da sociedade. Ao lado da ciéncia, a engenharia implementa o conhecimento
desenvolvido na forma de produtos e servigos, tornando real e sustentavel o
conhecimento cientifico.

Sem duvida, o que tornou possivel verdadeiras revolugdes na ciéncia e na
engenharia foram os conhecimentos desenvolvidos na interface entre distintas
areas do conhecimento. As ciéncias biologicas e a engenharia ambiental produziram
equipamentos para tratamento de efluentes empregando microrganismos. A
computagédo e a engenharia de processos permitem que um funcionario monitore e
controle uma fabrica mesmo estando a quildbmetros de distancia. A medicina, fisica
e engenharia elétrica produzem equipamentos que enxergam o interior do corpo
humano em alta resolucgéo.

Neste sentido, esta obra é uma coletdnea de trabalhos de professores
cientistas e engenheiros, com vasto conhecimento em suas areas de atuagéo, que
destaca como a ciéncia e a tecnologia s@o empregadas para resolver problemas
da sociedade. Em comum, além dos esfor¢os para tornar a sociedade e a industria
mais sustentaveis, esta o fato de todos os trabalhos terem sido desenvolvidos na
cidade de Campinas ou em cidades proximas.

A multidisciplinaridade presente nesta obra é reflexo de um trabalho em
construgéo no sentido de agregar o conhecimento acumulado e condensa-lo em
produtos e servigos ou mesmo um fim em si, visando informar a sociedade de que
temos pesquisa de boa qualidade sendo feita no Brasil.

Com o compromisso de incentivar a pesquisa académica, divulgar e
disseminar o conhecimento, a Editora Atena, através dessa obra, traz um rico
material pelo qual sera possivel atender aos anseios daqueles que buscam ampliar
seus estudos nas tematicas aqui abordadas. Boa leitura!

Dilnei Giseli Lorenzi

Pro-Reitor de Ensino Pesquisa e Extensao
Universidade Sao Francisco

Filipe Alves Coelho

lara Lucia Tescarollo

Vicente Idalberto Becerra Sablon
Organizadores
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CONTEXT

ABSTRACT: This work aims to create a current
signal database of domestic loads and proposes
a technique for identifying such loads, necessary
steps for the disaggregation of loads in the Smart-
grid context. The disaggregation of the proposed
technique is based on the use of neural networks
and wavelet transform. The identification of
electrical loads aims to discover what equipment
is connected to utility power. Thus, it is possible
to calculate separately for each device is
consuming electricity. The results obtained
from the information derived from the proposed
algorithms are discussed and presented. The
algorithms processing and load identification by
wavelet and neural networks were developed
using the MATLAB environment. The results
prove the efficiency of the proposed technique.

KEYWORDS: Disaggregation of loads, SMART
GRID, Neural Networks and Wavelet transform.

11 INTRODUCTION

World development is directly linked
to world demand for electricity. Often this
growth is slowed by the lack of energy. Waste,
indiscriminate use, or even ignorance of the
consumption of electrical equipment in a home
can be listed as some of the important causes
of the lack of electricity in the world (KUMAR,;
DAHIYA, 2017).

In addition, in recent years an irregular
distribution of rainfall has been observed in
Brazil, causing the reservoirs to remain at low

levels and requiring the operation of thermal
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plants, which generate high levels of pollution (DA SILVA TABOSA, et al 2019).

The so-called “smart” cities are among the main aspirations of modern society.
Among the premises of the “smart cities” are the interconnection of communication
systems, the monitoring of services, and the rational and optimized use of energy.
In addition to the concept of “smart cities”, the concept of smart grid or Smart Grid
appears. This concept is broad and can be approached from different aspects,
but always in order to ensure, efficiently and economically, a sustainable energy
system with low losses and high levels of quality and security of supply (SILVA 2018;
TUBALLA; ABUNDO, 2016).

The introduction of the Smart Grid concept produces a convergence between
the energy generation, transmission and distribution infrastructure, and the digital
communications and data processing infrastructure. The latter functions as an
Internet of Equipment, interconnecting the so-called IEDs (Intelligent Electronic
Devices) and exchanging information and control actions between the various
segments of the electrical network. This convergence of technologies will require
the development of new methods of control, automation, and optimization of the
operation of the electrical system, with a strong tendency to use distributed problem-
solving techniques based on the use of multi-agents. Electric power utilities in Brazil
necessarily need to prepare for this convergence (KOVAL, 2017; TALARI et al, 2017)

In addition to the accurate measurement of energy consumption at consumer
units, it has also been a factor of concern for energy concessionaires to determine
the energy quality indexes that it supplies, according to Resolution No. 424 of
December 17, 2010, from the National Energy Agency Electricity - ANEEL. Thus,
it is essential to develop systems that can maintain continuous monitoring of the
electrical quantities of the distribution network at various points of it and also that are
capable of efficiently signaling possible failure events and their location (MORAES,
2018).

Thinking about the end-user, the electric bill at no time discriminates how
much each electrical equipment in the residence consumed and the effect of that on
the electric bill. This could be an efficient way to encourage changes in habits and/
or the replacement of equipment with others of lower consumption. Based on this
principle, this study proposes a method to analyze and identify the main electrical
charges in a home.

For this, a new algorithm is proposed for the disaggregation of charges based
on the current measurement of electrical equipment in a home. A database was
created to train the main loads present in Brazil and a method that uses Wavelet

transform coefficients and neural networks allows the load to be distinguished.
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21 METHODOLOGY

2.1 Acquisition of signals

It was necessary to create a database of waveforms with different loads

of electronic devices for domestic use, since a database with free and reliable

distribution was not found. From this, an Agilent® 1146A claw-shaped oscilloscope

probe was acquired, which has a sensitivity given by the manufacturer to 100 mA.

The oscilloscope used was one from Agilent, model Agilent DSO-254A that

has a Windows operating system. The signals were then visualized and recorded,

using the rate of 20 KSa/s (kilo-samples per second), which represents 333.3

samples for each acquired 60Hz cycle. For that, some of the main electronic devices

were chosen to create the base

Equipment Wattage
Compact Fluorescent Lamp — Taschibra 15W
Laptop — Positivo 65W
microsystem working with CD — Philco 12,5W
microsystem working with radio at high volume - Philco
microsystem working with radio at low volume - Philco
14” television on — LG 65W
14” standby television — LG
blender at speed 1 - Walita 350W
blender at speed 2 - Walita
blender at speed 3 - Walita
incandescent lamp - Philips 15W
incandescent lamp - Philips 40W
incandescent lamp - Philips 60W
refrigerator - Consul 300W
maximum fan - Arno 50W
minimum fan - Arno
toaster - British 850W
shower in the summer position - Lorenzetti 4600W
shower in the winter position - Lorenzetti 5500W
Air conditioner - York 7000BTU

Table 1: Equipment used in the tests

The current signals were extracted from each device working independently

and also some combinations of the signals of two loads or more loads working

simultaneously. The latter allowed us to observe the effect of harmonics in the
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measurement of loads. In addition, it made it possible to compare current signals
provided by various loads in the network and the sum of the loads working individually.

In this way, small-time intervals of the waveforms found for each case are
presented, respecting the sampling rate of 20kSa / s. The acquired signals had a
total of 131,072 points, which is equivalent to approximately 6.55s.

As expected, electronic equipment (electronic lamp, microsystem, laptop,
television, and blender) has harmonic components. The same behavior occurs when
these non-linear loads work together with the linear ones. On the other hand, the
incandescent lamps, the refrigerator, the fan, the toaster, and the shower, and the
sum of some of these loads presented only the predominant component of 60 Hz.

Following the current graphs of the measuring equipment, individually and in
aggregate. The work can be separated into two stages, in the first stage the entire
lifting of the currents of the selected loads is done and training of the neural network,
as shown in Figure 39. The second stage is related to the simulation to identify the
loads, Figure 1 shows the block diagram representing the phases developed in this
step.

{Any load Signa\.':-

Simulation in the
neural network

Calculation of the
Transformed Wavelet coefficients

Calculation of the sum of the normals of the
coefficients of the Transformed Wavelet

Identification
Algorithm

“~._ Not
“._ Ildentfied load -~

¥

Yes Unidentified load
warning

Specifies the name
of the load

Figure 1. Simulation for identification of electrical charges
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After surveying the currents for each selected appliance, the experimental
part corresponded to the execution of three programs developed in Matlab® to
identify these electrical charges.

The first program uses a neural network in the backpropagation configuration,
which corresponds to the most used standard configuration, with two layers, the first
layer is composed of 8 neurons. The first tests started with 2 neurons and later there
was an increase until the smallest possible difference between the signal returned
by the network and the standard target signal was reached, this result was achieved
with 8 neurons.

The backpropagation algorithm was chosen because it is responsible for
looking for the minimum difference between the desired outputs (target) and the
outputs obtained by the neural network (network response), with the minimum of
error. The algorithm adjusts the weights between the layers of the error propagation
found in each iteration (MOREIRA et al, 2017; ADIGUN; KOSKO, 2019).

From the original signal with 131,072 points, three signals (P, T, and S) were
created each with 2670 points to characterize 8 cycles, an empirical definition.
To give exactly 256 samples per cycle, with 8 cycles, which would result in 2048
samples and a rate of 15.836kHz. As the currents were acquired at a rate of 20kSa/s,
each signal is getting 2670 to achieve 8 cycles in the visual of the graph.

The P and T signals are used to create and train the network, then the S
signal is used to simulate the network. The resulting signal Y corresponds to the
signal that the neural network returns as a result of the simulation. In other words, the
S signal is the signal submitted to the network and the Y signal is the signal returned
by the network.

After that, the second program is executed to extract the coefficients of the
tested signal, being an approximation coefficient and 3 detail coefficients. Thus, each
signal can be represented by its coefficients of the wavelet transform.

The wavelet transform was chosen because it is a tool known for its
characteristic of decomposing functions and reconstructing them again. Discrete
wavelets were chosen and, due to their simplicity, the Haar wavelet was used,
also known as a special case of the Daubechies wavelet, which is widely used in
many applications, especially in pattern recognition (LEAL, 2017; ZHANG, 2019;
DAUBECHIES, 2016).

As some signs resulted in very close coefficients, thus making it difficult
to identify the loads, it was decided to calculate the sum of the coefficients norm
in an attempt to obtain different values for close coefficients, thus facilitating the
identification process. Thus, it was possible to increase the difference between
similar coefficients.

This calculation was performed by the third program, which then compares
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this value with a database assembled from the sum of the norms of the wavelet
coefficients of “standard” signals for each load. This signal corresponds to the T
signal, used as a target in the neural network. In this way, it is possible to know
whether the signal coming from the neural network (signal Y) really corresponds to
the signal being measured (signal S). In the identification an error of 1% is allowed
between the compared signals, if the error is greater the algorithm will return that it
was not possible to identify the load

31 RESULTS AND DISCUSSION

In all tests performed with the loads measured individually, the algorithm was
able to correctly identify the load within the stipulated tolerance of 1%.

In tests with the sum of the signs, identification is possible, increasing the
tolerance to 2%, 3%, and 11%, depending on the sign. But as tolerance is increased,
the previously correctly identified signals begin to become confused.

After simulating all loads, the results were promising, since the algorithm was
able to identify all measured loads, as well as sets of loads measured at the same
time, assuming an error of 1% between the simulated load and the load standard.

However, the algorithm requires more study and detail when it comes to
identification simulations based on the sum of individual signals. The results for
these tests are summarized in Table 2.

Simulated load Tolerance Identified
jSW compact lamp + 40W incandescent lamp + 60W Yes 19%
incandescent lamp

Compact 15W lamp + 40W incandescent lamp Yes 2%
40W incandescent lamp + 60W incandescent lamp Yes 3%
15W compact lamp + 60W incandescent lamp Yes 1%
60W incandescent lamp + microsystem playing CD Not -

Table 2: Identification of added loads

Figures 2 to 9 show the comparisons between the graph of the signal
submitted to the neural network, to be identified, and the graph of the signal returned
by the neural network. This signal is submitted to the algorithm to be identified.

Figures 2 to 4 show the graphs of the individual load signals as an example of
loads that were identified perfectly within the tolerance.

Figures 6 to 8 show the graphs of the sum of the individual waveforms
mentioned above in Table 1, in order to compare with the signal measured directly
on the network with these loads in operation.

Capitulo 2



In all graphites, the abscissa corresponds to the number of samples and in

the ordinate the current in Ampere

Signal submitted to Neural Network

0.5 T T T T T
U -
_05 1 1 I 1 1
0 500 1000 1500 2000 2500 3000
Signal returned by the Neural Network
0.5 T
0 - i
_0_5 l 1 L 1 1
0 500 1000 1500 2000 2500 3000
Figure 2. 15W compact fluorescent lamp
Signal submitted to Meural Network
0z
01 k
0 -
-01f k
0.2
0 500 ‘1000 1500 EDUU 2500 3000
S|gnal returned by the Neural Netwark
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01f E
0 -
01 .
-02
0 E-DU 1000 '1%0 EDDU 2500 3000

Figure 3. 15W incandescent lamp
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Signal submitted to Neural Netwoark
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Figure 4. Laptop
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Figure 5. 15W compact fluorescent lamp + 40W incandescent lamp + 60W
incandescent lamp
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Figure 6. 15W compact fluorescent lamp + 40W incandescent lamp
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Figure 7. 40W incandescent lamp + 60W incandescent lamp
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Signal submitted to Neural Network
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Figure 8. 15W compact fluorescent lamp + 60W incandescent lamp
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Figure 9. 60W incandescent lamp + microsystem playing CD
It can be noted that although the visual differences are not significant, the

process was not able to identify within the smallest tolerance, showing, even more,
the influence of one load on another in the measurement process.

Capitulo 2



This fact was relevant to the cargo identification process that was treated
throughout the work.

41 CONCLUSIONS

In this work, a database of domestic load current signals was created and a
new methodology for the processing, identification, and disaggregation of loads was
also proposed. The proposed methodology involves the extraction of coefficients
by the wavelet transform and the training based on neural networks. Due to the
influence of one load on the waveform of the other, it was proposed to train the
neural networks using a combination of individual loads activated automatically. The
proposal is related to the concept of Smart Grid and allows fine monitoring of the use
of equipment in homes, which is very important mainly due to drought problems and,
therefore, low production of electricity.

The database created and made available to the academic community
represents an achievement in the area, since there is no such free and carefully
obtained basis. It is hoped that this base will also be useful for other researchers, so
that they can go directly to the identification techniques. This database is composed
of files in the “ixt” format with samples of the currents of the measuring equipment.

The disaggregation task is complex and worsens in the presence of non-
linear loads, where the harmonics generated by one device modify the behavior of
the signals measured in others. One of the reasons for this is the lack of filters in
the devices manufactured in Brazil, since the country’s legislation is not strict in this
sense. Thus, the sum of the signals considering loads connected individually differs
from the loads working simultaneously.

The use of relays could be employed for the typical activation of home
automation systems, but which will allow the obtainment of signals with the equipment
connected in isolation and simultaneously.

The analysis made in this work was static and the transitional periods were
not considered. The results found, from the created database, proved to be efficient,
in which all cases the isolated and combined loads were recognized.

As future work, it is planned to do tests with other wavelet functions and to
characterize the transitional periods. It is also intended to conduct tests in homes,
if possible, with automation systems installed, with different types of loads. It is
planned to enrich the database with new loads and, still, with lower powers. Finally,
it is intended to create a product where the entire process of identification and

discrimination of loads can be coupled to the measurement clock of the houses.
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