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RESUMO

O Conceito de Cidades Inteligentes ou Smart Cities, propõe que uma cidade outrora

não dotada(ou quase nada)de tecnologia, se modernize através da implementação contínua de

Sistemas Inteligentes em seus diversos setores. Áreas como a Mobilidade, Urbanismo,

Energia (Smart Grid), Saúde, Educação e Meio Ambiente, são impactadas positivamente

neste processo através de uma análise de dados advindos da implementação tecnológica,

trazendo mais economia financeira e de recursos naturais, conforto e bem estar para a sua

população.

Uma das implementações no contexto de Cidades Inteligentes(CI), quem vem ganhando mais

espaço no cenário mundial frente às outras e também mais atenção das grandes empresas de

tecnologias(Big Techs), são as residências. Estas, além da possibilidade de produzir valiosos

dados acerca de seus usuários, podem contribuir significativamente para a economia

energética pois fazem parte do âmago de uma das maiores fontes de consumo elétrico das

cidades. Essas moradias, ao serem implementadas com tecnologias, se transformam em Smart

Homes (SH) ou Casa Inteligente, que é o conceito de Lares que possuem, na sua infra

estrutura total ou parcial, sistemas de Automação Residencial (AR) que visam tornar o dia-a-

dia e as tarefas residenciais mais fáceis e confortáveis para os moradores.

Nesta tese por agregação de artigos, se propõe desenvolvimentos no contexto da SH no campo

do Hardware, Software e da Análise de Dados, que visam: (i) a extração de dados e a seleção

adequada dos mesmos a serem usados como input nos sistemas de AR, (ii) Identificação dos

Residentes através de Handover de Antenas Wi-Fi, (iii) a Identificação dos Eletroeletrônicos

conectados à Tomadas Inteligentes (Smart Outlets) através de NFC(Near Field

Communication), com o intuito de elaborar técnicas que visam economizar energia de forma

individual para cada morador dentro da residência, impactando minimamente no seu conforto

e bem estar pessoal, além de contribuir para o pilar Meio Ambiente e Energia das Smart

Cities.

Palavras-chave: Cidades Inteligentes, Redes Elétricas Inteligentes, Casas Inteligentes,

Handover.
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ABSTRACT

The Smart Cities Concept proposes that a city that was not endowed with (or almost nothing)

technology, modernizes itself through the continuous implementation of Smart Systems in its

various sectors. Areas such as Mobility, Urban Planning, Energy (Smart Grid), Health,

Education and Environment, are positively impacted in this process through data analysis that

comes from the technological implementation, bringing more financial and natural resource

savings, comfort and well-being to its population.

One of the implementations in the context of Smart Cities (SC), which has been gaining more

space on the world stage compared to others and also more attention from Big Techs, are

residences. These, in addition to the possibility of producing valuable data about their users,

they can significantly contribute to energy savings for being one of the largest sources of

electricity consumption in cities. These homes, implemented with IoT technologies, gets

transformed into Smart Homes (SH), which is a Home concept that have, in their total or

partial infrastructure, Home Automation Systems(HAS) that aim to make daily life and

residential tasks easier and more comfortable for the residents.

In this thesis by papers, developments are proposed in the context of SH in the field of

Hardware, Software and Data Analysis, which aim at: (i) extracting data and properly

selecting them to be used as input in HA Systems, (ii) Identification of Residents through Wi-

Fi Antenna Handover, (iii) Identification of Electronics connected to Smart Outlets (Smart

Outlets) through NFC (Near Field Communication), in order to develop techniques aimed at

saving energy individually for each resident within the residence, minimally impacting their

comfort and personal well-being.

Keywords: Smart Cities, Smart Grids, Smart Homes, Handover.
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1. INTRODUÇÃO

1.1 CONTEXTUALIZAÇÃO

Nos últimos tempos, o movimento da digitalização encontrou seu caminho para o

setor de habitação que, em comparação com vários outros setores e áreas de negócios, tem

sido bastante lento para abraçar todo o potencial que o conceito de digitalização propõe.

Como resultado disso, tanto os proprietários residenciais quanto as empresas de construção

começaram atualmente, a mostrar um interesse crescente no conceito e na implementação da

Smart Home nos seus projetos.

O conceito SH propõe implementar diferentes tipos de dispositivos eletrônicos em

casa, conectados por uma rede(com ou sem fio), para permitir que os residentes controlem e

observem o funcionamento desses dispositivos por meio de um aplicativo, por exemplo, em

seu telefone conforme explicita a Figura 01[1]. Uma casa inteligente permite a automação de

todos os dispositivos conectados e fornece ao usuário uma maneira fácil de obter uma visão

geral e rápida do seu consumo de energia, segurança e várias outras áreas da casa sobre as

quais um residente pode desejar maior controle ou percepção [2].

Figura 1 - Subsistemas em uma Casa Inteligente[1]

Dentre os vários dispositivos e subsistemas que podem ser encontrados dentro de

uma residência com automação residencial, os que mais se destacam são os da parte
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energética[3]. Estes subsistemas, são chamados de Sistemas de Gerenciamento Inteligente de

Energia (SGIE), que tem como intuito propor um melhor consumo energético residencial.

Os SGIE têm sido cada vez mais aplicados no cenário residencial graças à

possibilidade de aprender, através da Inteligência Artificial (IA), sobre o consumo energético,

proporcionando redução nas perdas energéticas e no consumo elétrico excessivo por parte dos

eletroeletrônicos. Esta aquisição de dados do consumo elétrico(Tensão, Corrente, Voltagem e

etc), que serão utilizados por parte dos SGIE, são advindos principalmente das Tomadas

Inteligentes (TI) ou Smart Outlets(SO)[4] como também são chamadas, e que podem ser

visualizados através de Tablets, conforme demonstra a Figura 2[5], Smartphones e Smart

Watches .

Figura 2 - Monitor Energético Residencial (SGIE)[5]

O correto equilíbrio energético a ser proposto através da AR para uma residência, de

acordo com [6][7][8], depende de vários fatores, que vão desde a identificação de qual

equipamento elétrico está conectado assertivamente em uma determinada TI, até no

reconhecimento de qual(ais) morador(res) estão naquele determinado ambiente analisado.

Essa recognição pessoal se faz necessária pelo fato que cada pessoa que viva em conjunto em

uma determinada residência, possui necessidades que perpassam pela utilização de

determinados equipamentos elétricos com tempo e frequências diferentes uma das outras.

Sendo assim, uma correta análise para redução do consumo energético residencial com pouco
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impacto no conforto dos participantes, deve-se levar em consideração tanto os dados

provindos das TI, quanto os da identificação pessoal[6].

De acordo com [9][10][11], tão crítico quanto a segurança dos dados no que tange a

identificação dos moradores e suas nuances diárias acerca do seu comportamento relacionado

à utilização dos equipamentos elétricos, é a utilização de dados confiáveis e assertivos,

advindos dos dispositivos interconectados via rede e TIs, a serem utilizados como entrada de

informações no sistema de AR e SGIE. A utilização de dados não adequados na alimentação

dos sistemas de uma Smart Home, pode impactar diretamente na experiência do usuário,

fazendo com que o mesmo tome decisões erradas e/ou não atinja o seu objetivo principal,

como por exemplo, a economia de energia.

Nesta tese, serão apresentado métodos incorporados aos sistemas de AR que foram

implementados a partir do trabalho inicial proposto em [12], que visão a redução energética

com o mínimo impacto no conforto dos residentes ao realizar a identificação dos moradores,

bem como na acepção de dados assertivos para as tomadas de decisão.

1.2 PROBLEMÁTICA E MOTIVAÇÕES

A maioria dos Sistemas de Automação Residencial(SAR) modernos, permite a

criação de regras de automação, que são usadas para automatizar o ambiente do usuário.

Como esses sistemas geralmente têm vários usuários, as regras precisam corresponder às

preferências de todos os residentes de forma padronizada. Normalmente, as regras são

predefinidas para todos os subsistemas da AR, podendo resultar em regras muito rígidas para

alguns usuários e muito brandas para outros, no que tange a utilização de certos eletrônicos.

Outro tipo de problema que ocorre comumente, segundo[13], é que as regras não se ajustem

às preferências reais do usuário desde o início da sua configuração, proporcionando uma má

operação do sistema e trazendo respostas e ações não esperadas por parte dos usuários, no

ambiente. Este tipo de discrepância pode ocorrer devido a má inserção/captação de dados por

parte do sistema.

Com o intuito de dirimir esse tipo de problemática, uma das técnicas mais utilizada

de acordo com [13] é a coleta do feedback explícito do usuário depois que uma regra for

acionada, pois isso fornece os dados necessários para ajustar dinamicamente as regras e

corrigi-las de acordo com o resposta do usuário. Para que os usuários forneçam feedback

preciso, eles precisam ser capazes de compreender as regras de automação. Além disso, a
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forma como o feedback é coletado e analisado também é importante, pois afeta a precisão das

regras para um determinado usuário.

Uma outra solução para esse problema de associação de dados e para a identificação

de residentes em geral, é conectar dispositivos de rastreamento, incluindo telefones celulares

ou relógios inteligentes, a residentes destas SH. Nestes casos, os moradores são responsáveis

pelo uso correto dos dispositivos em todos os momentos e não podem compartilhar seus

dispositivos com outros residentes. Além disso, estes dispositivos geram informações valiosas

para o reconhecimento e análise das atividades diárias, que podem ser utilizadas para refinar,

ainda mais, os dados que serão utilizados nas regras do SAR.

Câmeras de vigilância, que também podem ser utilizadas para fornecimento de

dados nos SAR, oferecem ricas informações que podem ser usadas para reconhecer os

moradores no vídeo, bem como inferir a atividade que está sendo ou que pode ser realizada.

Múltiplos algoritmos de fusão e rastreamento de dados têm sido propostos na literatura para

identificar e rastrear cada residente em múltiplos fluxos de vídeo [14], [15], [16], [17]. No

entanto, além de enfrentar os desafios de iluminação e obstrução, as câmeras costumam ser

consideradas muito invasivas para serem usadas em residências devido a questões de

privacidade, como se pode avaliar na Figura 3[18].

Figura 3- A riqueza dos sensores versus a privacidade percebida pelo usuário (Adaptada do Original
em Inglês)[17]
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Entretanto, em todas as técnicas disponíveis no campo científico que visam a redução

energética residencial através de um SAR, a grande quantidade: 1- Implementam técnicas que

impactam diretamente no conforto do usuário de forma veemente ao propor estratégias que

não condizem com o dia a dia natural dos moradores[19][20]; 2- Não conseguem identificar

de forma assertiva qual eletroeletrônico está conectado à TI, sem ser utilizando um grande

poder computacional para implementar análises com IA [21]e, com isso, não se consegue

estabelecer, de forma simples, qual equipamento está de fato conectado àquela tomada,

naquele momento, e por qual morador está sendo utilizado o dispositivo elétrico[4][22]; 3-

Não realiza a identificação de moradores de forma não invasiva, expondo muitas das vezes

dados sigilosos como imagens, ou até mesmo, poluindo visualmente a casa com a necessidade

de implementação de inúmeros sensores fixos para realizar o rastreio de cada morador, como

se pode ver na Figura 4 [23][24][25][16]; 4- Não realiza, também, uma mineração minuciosa

nos dados provindos das TIs que serão usados como parâmetros (Tensão, Corrente e

Voltagem) de entrada no SGIE ocasionando, muitas das vezes, falhas nas tomadas de decisão.

Ou, ainda neste cenário, se utiliza de técnicas computacionais para monitorar estes

parâmetros, que são de difíceis implementação quando se analisa o poder computacional do

hardware dos SARs[26][27][28].

Figura 4- Inúmeros Sensores dentro de uma
Residência para Identificação de Usuários[22]
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Sendo assim, a motivação principal desta tese por agregação de artigos é propor

técnicas em conjunto com Hardware e Software, que auxiliem pesquisas no âmbito da Smart

Home, a dirimir problemáticas repetitivas dentro do campo das TIs, da Mineração de Dados

Energéticos Residenciais e do Rastreamento indoor dos Moradores, tendo como norte o

melhor funcionamento dos Sistemas de Gerenciamento Inteligente de Energia.

1.3 OBJETIVOS

O objetivo principal desta tese por agregação de artigos, é criar passos iniciais para

um SGIE incorporado na AR, que possa monitorar eletrodomésticos usando TIs e IoT, tendo a

identificação do eletroeletrônico conectado à tomada elétrica inteligente, fornecendo assim

dados selecionados após mineração, para o SAR para que o mesmo possa realizar um melhor

manejo energético, proporcionando a eficiência energética residencial.

Para uma melhor experiência por parte dos usuários, proporcionando o mínimo de

impacto nos seu conforto residencial, um sistema de rastreamento de residentes será

desenvolvido. Este sistema irá coletar dados da localização indoor do usuário em tempo real,

que serão usados para entender e sugerir formas de utilização dos dispositivos elétricos ao

redor do usuário, com intuito de propor estratégias de eficiência energética exclusivas para

cada um dos moradores. Como o rastreamento deve diferenciar entre diferentes usuários, os

moradores são localizados por meio de seus smartphones usando WIFI. A comunicação entre

a plataforma de automação residencial e os dispositivos de rastreamento do usuário é feita

através de um Aplicativo Android.

Para cumprir esses objetivos, de forma mais específica desta tese são listados e

descritos a seguir:

 Desenvolver um protótipo de tomada elétrica que identifique

eletrodomésticos através da tecnologia NFC, proporcionando assim, que tanto

a TI quanto o dispositivo a ela conectado, realizem um handshaking e a

posteriori, transmitindo a informação completa sobre o equipamento elétrico

(Marca, Modelo, Consumo, Tensão, Corrente e etc.) para o SAR;

 Dados provindos da TI serão minerados através do método Árvore de

Decisão, para dar input com dados confiáveis no SAR;
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 Será realizado o rastreio de moradores de forma não invasiva, por meio de

WIFI Handover, através dos seus Smartphones, baseado na triangulação das

antenas presentes no ambiente e no nível de decibéis do sinal;

 Um modelo de integração entre Hardware e Software relacionado à TI e

Rastreio de usuários será proposto como protótipo final.

1.4 TRABALHOS CORRELATOS

1.4.1 SISTEMAS DE GERENCIAMENTO ENERGÉTICO INTELIGENTES

Na literatura científica, inúmeras formas de desenvolvimento e implementação de

SGEI foram propostas ao longo do tempo. Todas esses sistemas, tem por fim, a economia

energética residencial, com o intuito de promover desperdício de recursos naturais, bem como

de dinheiro.

Na maioria dos sistemas para gerenciamento energético inteligentes, há duas formas

de implementação no âmbito residencial, que são (a) Monitoramento de Carga Intrusiva (do

inglês ILM) e (b) Monitoramento de Carga Não Intrusiva (do inglês NILM). Em ILM, que

tem sua abordagem baseada em hardware, medidores de energia são anexados atrás de cada

dispositivo elétrico. O grande número de dispositivos de hardware necessários para ILM

funcionar adequadamente, torna o processo de instalação difícil e ineficiente em termos de

custos, mas resulta em estimativas de energia muito precisas. Por outro lado, NILM é um

abordagem baseada em software. Requer um único medidor para a potência total agregada,

portanto o processo de instalação é simplificado e o custo correspondente é reduzido. No

entanto, como não há informações elétricas estratificadas sobre os eletrodomésticos,

algoritmos apropriados devem ser criado para realizar a decomposição estratificada de

energia.

A implantação em larga escala torna o NILM muito mais favorável do que o ILM

devido ao baixo custo, simplicidade de instalação e requisitos mínimos de hardware. No

entanto, em muitos casos, os algoritmos NILM apresentam alta complexidade computacional

e requisitos de memória significativos. Nesse sentido para a sua implementação, as

concessionárias devem usar medidores inteligentes de última geração - ou hardware extra

acoplado a eles - com Unidades Centrais de Processamento (do inglês CPUs) poderosas e

memória suficiente para um pleno funcionamento.



24

No cenário ILM, [29],[30] e [31], propuseram um protótipo de TI que mede o

consumo de energia em sistemas de gerenciamento energético residencial, assistido por um

micro controlador com comunicação Zigbee. Foi demonstrado, a partir de suas descobertas,

que a TI sugerida absorve menos energia e atinge melhor precisão em comparação com o

osciloscópio, além de fornecer também a opção de fornecimento ou interrupção energética ao

dispositivo interconectado. Entretanto, quando uma tomada ficava em uma distância superior

a dez metros em relação as outras, a sua comunicação sofria com interferências.

Em [31] e [32], foi sugerido uma TI com boa relação custo-benefício, que monitora a

sincronização das cargas com a rede elétrica, para que as mesmas sejam ligadas ou desligadas

[32], evitando assim consumo energético excessivo em um período pré-concebido. Isso é feito

com a ajuda da análise em tempo real e coleta de dados [33]. A referida TI permite também, o

agendamento dos eletrodomésticos de forma manual, fora do pico, levando em consideração

as configurações de escolha do usuário, além das condições de carga da rede. Contudo, ao ser

trocado de tomada os eletrodomésticos, o sistema achava que na tomada A estava um

determinado equipamento, quando na verdade, era outro que agora estava conectado.

No cenário NILM, o método foi proposto por Hart [34]no início da década de 1980 e

implementado em sistemas no início dos anos 90. Isto se deu devido aos esforços, à época,

para a eficiência energética e redução de emissões de poluentes. Nos últimos anos, extensos

trabalhos de pesquisa foram realizados em NILM devido aos avanços recentes em medidores

inteligentes e internet das coisas (IoT), e seu uso crescente em ambientes residenciais e

industriais [35], [36].

Em [34], foi utilizado um novo método na admissão de cargas elétricas residenciais,

com o intuito da identificação de eletrodomésticos através da desagregação de energética. Os

grupos de dispositivos foram categorizados por meio de análise de cluster. Os dados extraídos

são combinados com o banco de dados que contem a assinatura de cada dispositivo, obtido de

forma individual durante a fase de treinamento. No entanto, a metodologia proposta com uma

precisão de 85%, foi testada apenas para sinais de estado estacionário ou seja, para

dispositivos que tenham seu regime de operação linear, apenas em On/Off, desprezando os

que tem ciclos de funcionamento dinâmicos[37].

Além disso, o aumento do desempenho das técnicas de machine learning e deep

learning em vários problemas de reconhecimento de padrões, atraiu pesquisadores a adaptar

essas técnicas de Inteligência Artificial (IA) ao domínio NILM para melhorar o desempenho

de desagregação de energia dos aparelhos. Embora não haja nenhum dispositivo NILM

preciso e com grande acurácia disponível no mercado, esforços estão sendo feitos para
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desenvolver sistemas NILM mais precisos para o gerenciamento eficaz de energia em

edifícios residenciais e comerciais.

1.4.2 IDENTIFICAÇÃO E RASTREIO DO USUÁRIO

Diversas tecnologias têm sido aplicadas na localização interna de pessoas e objetos

em residências inteligentes. O Global Positioning System (GPS) [38] é o sistema de

localização ao ar livre mais difundido, embora não esteja disponível para localizar algo ou

alguém dentro de uma casa inteligente, uma vez que a alvenaria da construção civil reflete os

sinais de GPS. Este fenômeno torna o sinal do mesmo atenuado para funcionar com precisão

dentro de edificações [39].

Diversas outras tecnologias para localização, focadas no ambiente indoor, foram

desenvolvidas. As baseadas em tag , foram aplicadas para a localização interna de objetos nas

casas inteligentes, incluindo Identificação Passiva de Radiofrequência (RFID), RFID ativo,

Banda Ultra larga (UWB), Bluetooth de Baixo Consumo Energético| (BLE) e LoRa (Long

Range). Com a introdução das tecnologias de comunicação via rádio, várias técnicas de

detecção acessíveis, como o sistema RFID, forneceram uma boa oportunidade para serviços

de localização interna trabalharem de uma melhor forma [40]–[45].

As técnicas de localização RFID existentes podem ser categorizadas pela

combinação de dois instrumentos: a tag propriamente dita, que consiste na etiquetagem do

objeto a ser rastreado e a triangulação por antena, do sinal(vindo das tags). Quando se utiliza a

localização por tag, várias antenas são instaladas em vários locais na parte interna dos

ambientes em que se deseja realizar o rastreio [41], [46]. Além disso, por as distâncias das

antenas já serem preestabelecidas, mesmo com a movimentação dinâmicas das tags, se pode

estimar, com base na intensidade do sinal recebido entre as etiquetas e as antenas [47], a

localização dos objetos. No entanto, os sistemas de posicionamento RFID com uma precisão

de alto nível, requerem a instalação de um número significativo de tags ou antenas no

ambiente a ser estudado [44].

No entanto, apesar das tecnologias apresentadas acima terem o tom da sua utilização

mais para objetos, as mesmas podem ser utilizadas também para o rastreio humano, como por

exemplo, através do celular e relógios inteligentes. Estes dispositivos possuem a característica

de ficarem boa parte do tempo junto aos donos e também possuem uma ampla gama de

comunicação WiFi, facilitando assim, o rastreio destes objetos tendo por conseguinte, o

rastreio do usuário.
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Com o intuito da rastreabilidade de usuários de forma indoor, a fingerprinting é uma

tecnologias que podem ser implementadas e que ainda aproveita a infraestrutura Wi-Fi

existente. Este recurso se utiliza das características de comunicação entre o sinal Wi-Fi e os

dispositivos móveis pessoais(Smart Watches, Smartphones e etc), inerentes a cada morador.

Quando os dispositivos móveis pessoais se conectam em uma determinada antena de Wi-Fi,

os mesmos deixam uma assinatura digital(impressão digital) e com isso, se consegue inferir e

delimitar o ambiente no qual o dispositivo se encontra. Um dos diferenciais desta técnica é

que por o Wi-Fi sofrer com difração, reflexão e refração na propagação do seu sinal em

ambientes internos por conta da alvenaria, a medida RSSI (Received Signal Strength Indicator)

é interferida também e, com isso uma maior precisão na rastreabilidade pode ser adquirida por

conta da triangulação de sinal[48]–[51] .

Através do RSSI, uma outra técnica pode ser realizada para a localização indoor de

usuários, que é chamada de trilateração [48], [49], [52]–[54]. Ele usa parâmetros conhecidos

relacionados a redes Wi-Fi, como frequência do sinal Wi-Fi, a intensidade do sinal(RSSI), o

destinatário MAC da rede e coordenadas reais de pontos de acesso Wi-Fi para estimar a

localização. A intensidade do sinal recebido no dispositivo móvel pode ser usada para

estimativa da distância entre o ponto de acesso e o dispositivo móvel.

Outras técnicas para rastreio de usuários de forma interna a residência, foram

propostas na literatura científica. Entretanto, inúmeras delas utilizaram uma grande

quantidade de sensores(de presença, térmico, voz e temperatura), necessitando de uma série

de infra estrutura, além de um grande poder computacional para trabalhar com os dados

advindos[18], [23], [24], [55], [56].

1.4.3 TRATAMENTO DE DADOS EM UMA CASA INTELIGENTE

A coleta e comunicação eficientes de dados são tarefas essenciais em um ambiente

IoT que contém um grande número de dispositivos conectados em rede. Dados imprecisos são

gerados devido às interferências na comunicação entre os dispositivos e também por

condições adversas(falhas de hardware e software) e, portanto, o tratamento de dados se faz

necessário para reunir e extrair dados úteis e confiáveis das múltiplas fontes presentes em uma

smart home. Uma série de abordagens para tratamento de dados foram propostas com base na

probabilidade, inteligência artificial ou teoria matemática da evidência, para agregar e analisar

os dados de forma eficiente. As técnicas permitem que o sistema seja cognitivo e inteligente



27

em termos de tomada de decisão sob a incerteza dos dados e recursos computacionais

limitados.

Em um ambiente inteligente, os dados de uma única fonte podem não ser suficientes

para tomar uma decisão precisa. Desta forma, a mineração e a inferência de dados provindos

dos multisensores são necessárias para lidar com dados heterogêneos.

A inferência bayesiana é um dos métodos probabilísticos mais populares

desenvolvidos para tratamento de dados [41-46]. Necessita de um número relativamente

pequeno de dados amostrais necessários para treinar o sistema, e permite lidar com a

heterogeneidade das informações a partir da ocorrência probabilística dos eventos no

ambiente. Em [47] é proposto um esquema de fusão de dados baseado em sensores hard e

soft. Ele apresentou a rede Bayes habilitada em nuvem para consolidar e tratar fluxos de

dados heterogêneos em tempo real com a decisão baseada em computador.

A árvore de decisão se mostra também, um método bastante robusto, leve

computacionalmente, para ser implementada dentro de sistemas que exigem uma mineração

de dados de forma simples, mediana ou intensa, com pouca necessidade de hardware para o

seu processamento. Em [57], os autores fizeram um estudo sobre várias técnicas e ferramentas

úteis e apropriadas para a classificação de big data. Em seu trabalho, eles fizeram um estudo

comparativo com vários algoritmos de classificação para classificar uma grande quantidade de

dados, além de também terem explicado as vantagens e limitações dos classificadores, tendo

como vitoriosa a árvore de decisão em sistemas embarcados que exigiam respostas

responsivas com baixo poder computacional[58].

Na área médica, também são utilizadas as árvores de decisão para diversos tipos de

classificações [59], que vão desde a triagem de pacientes com diversos sintomas, sugestão de

exames a serem feitos[57], até predição da escrita para receitas no momento em que os

médicos começam a prescreve-las[58], mostrando feedback, no retorno das informações, tem

tempo real.

Ainda sobre a técnica da árvore de decisão, a mesma é aplicada em diversos cenários

que necessitem a classificação, mineração e agregação de dados[60][61], como por exemplo

os residenciais, tanto para identificação de usuários[62], quanto para previsão de consumo

elétrico[63], além de ser usada para segurança de dados em residências com AR[64][65].

Dentre todas as técnicas de classificação e mineração de dados(Regressão Linear,

SVM, Clustering, K-NN e etc), a bayesiana e árvore de decisão se destacam por conseguir

realizar a análise de dados em tempo real, a um baixo poder computacional[66]. Característica
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esta que é de suma importância dentro do cenário das Controladoras de AR, pois estas

possuem processadores, memórias com menos potência que os computadores tradicionais.

Com uma ligeira vantagem, as árvores de decisão se mostraram mais vantajosas para

o cenário residencial, por terem recursos fáceis de usar para identificar dados mais

significativos, lidar com valores ausentes e com valores discrepantes pois podem trabalhar

diretamente de uma tabela de dados, sem qualquer trabalho prévio de design[67].

1.5 ORGANIZAÇÃO DA TESE

A organização desta tese por agregação de artigos, se dará da seguinte forma, a

partir do Capítulo 2:

Cap.2: Será o capitulo no qual terão os três artigos publicados em periódicos Qualis

A. Nesta parte, cada artigo terá, além de um breve resumo sobre a sua essência, uma

descrição sobre a revista na qual o mesmo foi publicado, a descrição sobre o corpo

editorial e a publicação na integra do artigo.

Cap.3: Neste capitulo serão abordadas as conclusões que cercam os trabalhos

científicos expostos, bem como sugere futuras linhas de pesquisas como uma forma

de continuar a pesquisa científica a partir das publicações aqui presentes.

Cap.4: É composto pelas Bibliografias que foram utilizadas acerca deste documento.

É ordenado pela ordem de aparecimento no texto.
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2 ARTIGOS PUBLICADOS

2.1 ARTIGO 01 - Smart Home Tracking: A Smart Home Architecture
for Smart Energy Consumption in a Residence with Multiple
Users

2.1.1 RESUMO

Neste projeto, é proposta uma arquitetura que pode monitorar e auxiliar os usuários

residenciais no cálculo do seu consumo de energia por meio de tecnologias IoT. É necessário

criar um sistema que aprimore e auxilie o usuário no planejamento baseado no consumo

energético devido aos avanços da tecnologia. Essa implementação pode ser alcançada com a

utilização da IoT (Internet of Things) e, assim, garantir comodidade e conforto ao usuário, que

é o principal objetivo de uma casa inteligente. Essas tecnologias envolvem a

interoperabilidade dos dados obtidos de cada dispositivo e a localização dos usuários entre as

camadas de hardware de comunicação especificadas para monitoramento. Este artigo também

fornece informações sobre serviços em nuvem, que são disponibilizados por middleware e

também podem incluir novos aplicativos externos. A arquitetura oferece detalhes sobre o

consumo e recomenda meios para melhorá-lo, criando perfis que auxiliem os usuários finais

na tomada de decisões para uma melhor otimização da taxa de consumo que corresponda às

demandas dos clientes ou da concessionária de energia elétrica. Este artigo conclui que essa

arquitetura é muito promissora e novas tecnologias viáveis podem ser implementadas para

fazer melhorias significativas para os moradores e concessionárias de energia elétrica.
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Abstract In this project, an architecture is implemented that can monitor
and assist users in calculating their energy consumption by means of IoT tech-
nologies. It is necessary to create a system to improve and help the user in
their consumption-based planning due to advances in technology. This im-
plementation can be achieved with the use of IoT (Internet of Things) and
thus ensure user convenience and comfort, which is the main goal of a smart
home. These technologies involve the interoperability of the data obtained
from each appliance and the location of users between the communication
hardware layers specified for monitoring. This paper also provides information
about cloud services, which are made available by middleware and may also
include new external applications. The architecture o↵ers details about con-
sumption and recommends means to improve it by creating profiles which can
help end users in making decisions for better optimization of the consumption
rate that matches the demands of the customers or the electric power utility.
This paper concludes that this architecture is very promising and new and
viable technologies can be implemented to make significant improvements for
the residents and electric power utilities.
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1 Introduction

Since the advent of the Industrial Revolutions, human society has seen its
living conditions change very rapidly and almost irreversibly. The growth of
cities, the acceleration in the pace of production, the dynamics imposed by the
modifications of the capitalist system and the search for comfort and for what
is conventionally called quality of life, among other realities, have resulted in
the increase of energy sources that can meet the demands, as well as created
the need to better plan their consumption [1], [2].

However, the inauguration of what can be called Industry 4.0 in a so-
called 5.0 society has considerably raised the concern about the continuity of
a process that was previously characterized by the unbridled use of energy
sources; thus, the last decades have seen the emergence of local and global
mobilizations promoted by governmental and non-governmental organizations
in order to seek less harmful alternatives or mechanisms that could reduce
the impacts of consumption modes, including eletric energy, on nature. In
this sense, the use of technologies such as Internet of Things (IoT), Artificial
Intelligence (AI), data analytics, machine learning, 3D printing, among others,
can be used to create, expand and monitor the e↵ectiveness of sustainable
development and environmental compliance across the globe [3].

Given this scenario and despite the fact that some countries are still lag-
ging behind in this regard [2], the search for ways to better monitor, detect,
communicate, and control electric energy distribution is an imperative in all
societies [4]. It is from this need that arises the smart grid whose main functions
are to collect, transmit and process data from the electrical system, building
databases with large volumes of data [2], [5].

However, there is no reason to think that the problems with regard to
intelligent power distribution would be solved. At least this is the thought
of [6] for whom the use of the Internet of Things (IoT) in a Smart Grid
e↵ectively enables its use for its intended purposes, but imposes risks such
as, pro example, cyber attacks on distribution networks. Thus, as measures
are implemented with the goal of facilitating the monitoring of the grid in
an intelligent manner, constant supervision is necessary in order to bar any
attempts of undue intervention in the system.

In general, a smart grid is a grid that can manage electrical equipment
and systems in various fields and bring safety, feasibility, efficiency and qual-
ity of service in an intelligent and reliable way. There are seven interconnected
fields [7], and four of them (distribution, transmission, end users, and large-
scale generation) are responsible for the areas of generation, transmission, and
distribution. These fields must ensure two-way communication to provide com-
plete management between customers and the Advanced Metering Infrastruc-
ture (AMI), for example in data exchange. The energy management market,
service provision and energy supply refer to the last three fields mentioned by
[7]: operations, market providers and services.

The establishment of a smart grid, however, demands the implementation
of a key part: the smart homes service [8]. The same authors point out that
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this service enhances the comprehensive service capability of the power grid,
also realizes the intelligent and interactive use of electricity, further improves
the power grid’s mode of operation and users’ usage patterns to improve end-
user energy efficiency. With a not-too-distant understanding, [9] states that
a smart home is a residence equipped with smart technologies designed to
provide personalized services to users.

Once these considerations are made and it is verified that smart grids
can provide a more appropriate way to obtain better distribution and control
results with regard to the availability of electric energy, from the source to
the end consumer, but that these networks should have consumption points
that are compatible from a technological point of view (smart homes), it is
also necessary to observe the end consumer and his/her consumption profile,
no matter what equipment is being used and where this use occurs. Thus, it
is necessary to observe in the models and monitoring systems of smart homes
the efficiency of the data transfer system, or handover.

Thus, this paper describes a Home Energy Management Systems (HEMS)
architecture, developed by the authors. Known as smart consumer manage-
ment architecture, it was based on the rules established in [10] for interop-
erability and feasibility of smart grids in the context of IoT in smart homes
technology. This paper demonstrates an advance of the research carried out
in [11] and [12], since it is now possible to identify and track multiple users
using for this task: i) an internal Wi-Fi handover when using a smartphone,
for example; and ii) smart power outlets. The emphasis of this paper will be on
the first way of identifying and tracking a user’s consumption: the handover.
This paper is divided as follows: Section II discusses the literature related

to the proposal described in this paper; Section III demonstrates the proposed
architecture with emphasis on the handover mode used; Section IV discusses
the preliminary results; and in the Conclusion a summary of the work is made
and possible future study and research directions are pointed out.

2 Related Literature

Studies on smart homes recommend various types of HEMS to monitor energy
consumption and thereby reduce the cost to the consumer. This reduction
can be achieved through a unique control and monitoring feature or even by
making use of computational intelligence solutions to help optimize energy
consumption.

Several studies involving the adoption of a single approach to regulating a
smart metering system required for households have been conducted [13] and
[14], for example, propose a system similar to the one proposed in this paper.
The one outlined in [15], on the other hand, is a HEMS capable of handling
appliances and lighting through the use of consumption data collection. As
examined in [16] and [17], these HEMS models can be used to monitor and
inform users of home energy usage rates through i) a mobile application; ii) a
WEB storage system; and iii) sensors scattered throughout homes.
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Among the solutions in the smart home domain already mentioned, several
are built on computational intelligence. In order to automatically optimize
the temperature and consequently save energy, [18] used fuzzy logic combined
with thermal sensors to adjust the temperature of the area and set standards
because of the guidelines recommended by the residents. In [19], fuzzy logic
is applied to decrease the energy requirements of a house with respect to
the number of specifications such as outside temperature, adjusted schedules,
battery charge status, and a wide range of prices and preferences for electricity
usage.

Fuzzy logic in artificial intelligence is capable of operating with an ap-
proximate 95% accuracy rate and is slightly faster than other architectures,
as explained in [20]. [21] used an adapted Bayesian Network (BN) to con-
trol power supplies designed for comfort in one such solution; this framework
makes a link between the condition of the equipment and the environment of
residential homes.

Another smart grid solution established on cloud computing and web ser-
vices is presented in [22], which uses sensors and IoT devices with Artificial
Intelligence (AI). In the present study, a LoRa connection has been established
to control some of the appliances while sensors and actuators are used to mea-
sure environmental variables. Traffic data is collected and stored in the cloud
server, determining the interoperability measurement units and allowing users
to access it via notebook or smartphone.

In [23], an architecture is designed based on the concept of IoT to enhance
remote access systems while, simultaneously: i) monitoring and managing a
user’s home; and ii) providing a more comfortable and secure system. The
users will be granted access to web or mobile applications that can make use
of cloud services, including heuristic systems for smart homes.

Several other researches in which various HEMS technologies were used
demonstrate smart solutions for managing and controlling energy consump-
tion in a smart homes system. In order to provide security to the user, they
have shown to have good usability and satisfactorily answered the purpose of
performing intelligent measurement and monitoring [24], [25], [26], [27].

The question, however, is to know or, in other words, to demonstrate the
di↵erential of the studies now commented on to the research that generated
the present work. In summary, the architecture now proposed maintains the
underlying principles for developing smart home interoperability applications
reliably, in a sectional manner, possessing adaptability and scalability, and be-
ing a↵ordable; since these are solutions widely used in smart home domains,
it also establishes the requirements for providing cloud management services
that if realized in a generic way to ensure that other e↵ective solutions can be
found in the future. In this sense, its basic functionalities regarding monitor-
ing and passing on information to users can be verified in smart outlets and
efficient handover.
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3 The Proposed Architecture

The architecture proposed here establishes an innovative model based on in-
teroperability services for smart homes. This will be achieved by defining a
middleware procedure based on REST API (Representational State Trans-
fer), which will integrate monitoring systems of the energy supply company
with the metering techniques available to end consumers. With it, it will be
possible to control alternative energy sources (distributed generation) and the
automation of household appliances through intelligent devices and controlling
the message rate of energy consumption, for example, by having the ability to
establish scheduling rules for daily activities, as well as managing the real-time
energy consumption of household appliances.

The goal of this architecture will be to maintain the underlying principles
for the development of smart home interoperability applications in a reliable,
sectional, adaptable, scalable, and a↵ordable environment, as these are solu-
tions that will be widely used in smart home domains. It will also establish the
requirements for the provision of cloud management services to be realized in a
generic way to ensure that other e↵ective solutions can be found in the future.
Thus, the proposal described herein will have the following characteristics:

1. Reliability: This architecture will integrate a method for both data verifi-
cation and security at the application layer of the network;

2. Sectionality: Since this will be an open architecture, the functionalities
discussed in this project are not applicable. If the communication protocol
is maintained, it will be possible to expand other management modules
(e.g. lighting management);

3. Adaptability: Implementations can be made to specifications, with the ex-
ception of those listed here;

4. Scalability: This will allow new modules to be included, while extending
network management;

5. Accessibility: As long as there is prior permission and access to the Internet,
there will be no access restriction that prevents users from controlling their
monitored monitored devices, regardless of their location.

In addition to being a proposed solution to the problem of consumer re-
sponsibility for home management of energy consumption, this architecture
will also design middleware that is loosely associated with publishing / sub-
scription capabilities (IoT services). This will serve utility purposes and allow
communication between systems through message exchange, as well as result
in di↵erent solutions that can aid interoperability across various categories of
the middleware client. This means that the system will be able to improve
scalability without being restricted to a specific solution.

The architecture now proposed will allow the use of heuristic solutions
based on computational intelligence, along with the adoption of intelligent
management services. As a result, the evaluation of the variables obtained
from the instrumentation and extraction patterns will be able to assist in the
characterization of the consumption of each consumer, and eventually can be
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applied to the optimized model designed for smart metering. Therefore, this
architecture is not restricted to extracting and studying basic energy con-
sumption patterns for each monitored user, but also extends to acting as a
communication channel between various data traffic elements.

Fig. 1 Proposed architecture components diagram.

Figure 1 represents the structured model of the architecture proposed in
this paper. Each layer represents a specific function that includes the opera-
tional characteristics of the architecture and that can be adjusted to improve
its adaptability and scalability. In addition, Figure 1 illustrates many of the
essential components that are required for the implementation and interoper-
ability of the proposed architecture.

The interoperability of all the components of this architecture, whether
hardware or software, will be of great importance to ensure that they conform
to the accessible requirements that may need to be adjusted to the exact
characteristics of a given scenario or external and internal communication
interfaces; furthermore, the communication protocols should be compatible
with the REST API. It is due to the interoperability of hardware and software
components, as well as the adoption of open standards, that these can be
customized to meet the needs of the user or manufacturer.

3.1 Measurement and Tracking Nodes and Central Unit Layers

Elements with communication interfaces will be provided for the central unit,
the measurement and the tracking nodes to operate the communication func-
tions specified in the architecture. An attempt will be made to maintain the
integrity of the system by creating a transmission channel for the measurement
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characteristics to avoid any data loss. Also, if there is a blockage in the net-
work, there will be a protocol that will be used as an internal communication.

There is a separation between the networks where:
(a) for end users, there will be an alignment with open standards (such as

Ethernet and Wi-Fi) already recommended by the smart grid through which
they can request utility services;

(b) for energy companies, a network that efficiently manages the requested
service will be used, adhering to a closed, less vulnerable standard such as
PLC or 4G. The external communication interface will help end users manage
data and the external environment at the central unit.

To ensure that the network access technologies are transparent, they will
need to be subjected to inspection applications. The key feature when provid-
ing data access in heterogeneous domains is communication, which involves
establishing real-time access for users no matter where they are and this is a
determining factor in making this architecture work.

Various connections from the measurement nodes and the tracking nodes
will be installed on the consumer side, and connection management will be
used to manage the communication between the central unit and these nodes.
This will involve the inclusion of adapter management, which will allow com-
munication between the middleware types, as the communication interfaces
must be installed via Web Service. In addition, since connection management
is a means of restricting traffic, supervision messages may be prioritized as
needed given an urgent request from the utility’s monitoring system.

For managing environment variables in the architecture and communica-
tion ports, the responsibility will be on context management, including mes-
sage priority classes for control, encryption rules, and so on. However, an iden-
tification of each device monitored by a measurement node will be required
for a more e↵ective and transparent means of control.

Each device in the architecture will require an identification protocol and
its category (if necessary) so that it can be activated by the surveillance system.
Defining rules and strategies to optimize consumer energy when developing the
identification field will be extremely important and provides clear insight into
consumption patterns.

Fuzzy logic is a computational intelligence technique necessary for this
proposal to be implemented in a responsible manner to develop optimization
rules that can be applied to smart appliances or the extraction of consumption
patterns.

Since real-time location systems (RTLS) provide private information to the
resident, not only because of the location, but also because of the MAC that
is required for user verification, this information will not be sent to a possible
communication center with the energy retainer. However, the function of the
REST API will be to make the databases ”talk to each other” so that the fuzzy
logic can function properly and get the information from the measurement and
tracking node. This will result in consumption profiles that have better control
of the limit set by the end user.
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Data management allows measuring and tracking devices to be handled and
stored, along with environment variables and data (whether local or remote),
and these are obtained from remote databases in the cloud. In the future,
storage rules based on meta-heuristics (i.e., the management rules) will be
applied. Both supervisors and consumers should be present at this layer.

The security management system will be responsible for creating security
standards for transactions, certification, access, recovery adversity and encryp-
tion, which can be applied to the services implemented on the platform from
an application perspective. Since this project provides the use of web services
established in the REST API, the use of frameworks in security is highly rec-
ommended, such as the OAuth2 framework, to ensure that the information
and access provided is secure and trusted. In addition, issues such as commu-
nication networks between provider companies and end users or external issues
are not addressed in this layer. However, this research study assumes that the
network and the utility have met the security requirements. The specialized
literature has revealed numerous ways to implement communication networks
for this purpose, as described in [10] and [6], for example.

The middleware layer could be used to switch to renewable energy sources
for energy regulation or send control messages such as turning o↵ appliances
remotely and provide a view of all components. It will also be used to show how
each user’s internal and external environment can be used to store variables.
In addition, it will be responsible for creating interaction with the cloud and
web services. Since it will use its own tools without interfaces to be integrated
with other new applications more easily, it will be a separate module and will
be under the supervision of the user. However, customers and supervisors will
be able to rely on the REST API to perform management tasks in this layer.

The measurement node will designate the main layer that is required to
capture all measurement readings and acquire data from the monitored de-
vices. In addition, it will be responsible for handling the trigger and control
messages as well as collecting the data sent to and from the network.

3.2 Local and Cloud Applications Layers

A mechanism is provided by the local and web application layers to verify
and control the components belonging to the architecture whose design is
being described here. These applications must function successfully regardless
of platform and be compatible with REST API services.

The cloud layer will provide a method of displaying information on any
device in communication with the Internet, and thus centralize services that
are essential for remote access and monitoring of connected elements. This
layer is responsible for the data transferred by the central unit that stores
all the data from the tracking and measurement nodes and which database
service will manage this data. It will also provide a management application
for monitored devices and act as an intermediary for remote management
requests.
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It will also provide an efficient method of classification based on energy
consumption and management, analysis, and optimization rules that can be
established for each user’s instrumentation. This will be done by specifying
meta-heuristic services (through computational intelligence technology). Local
and remote applications will be able to use REST API requests to manage
monitored devices and establish full control of available services that are based
on access profiles.

Such monitoring and control over devices and users that should be two
of the strongest foundations of the smart house system can only work satis-
factorily if the way of handover is equally well planned and operated. Thus,
the following subsection discusses the handover applied to the architecture
proposed here.

3.3 Handover

The architecture proposed here, besides identifying the total energy consump-
tion in a smart home, also aims to share this information with all users, giving
them an individual consumption limit for each device that could be shared if
two or more people are in the same room of the house.

In this sense, [28], for example, defined the location of the users through
infrared sensors. The project achieved good results, but failed to achieve one
of its main goals. This was due to the fact that it was impractical to distribute
sensors throughout the house given the implementation requirements, and also
due to the price of these devices. Another cause for failure was that the sensors
could not cover a large area.

[26] show an electrical outlet consisting of the ATmega328 microcontroller
and is based on the ZigBee Protocol, which contains devices that are used to
set up a wireless transmission between the sensors, the web server, and the
smart sockets. In addition, this system performs the function of measuring
voltage along with electrical current and power consumption and makes this
information available to the consumer, who can be allowed to monitor elec-
tricity consumption in real time via devices with a web browser, and interfere
by interrupting the electricity transmission to the sockets if necessary. It turns
out that the ZigBee protocol does not prove to be a method with superior
efficiency given the short transmission range.

Given these situations and aiming that the architecture now proposed to
help the final consumer to control and monitor their energy expenditure, it
was opted here as the best solution the use of intermediary communication and
tracking through a smartphone, which is the most used device in the world
and that most people carry with them almost all day.

Essentially, handover is a process of exchanging access points (APs) based
on identifying signal quality. For example, if there are two APs, and the signal
to which a smartphone is currently connected is weak, handover tends to switch
from the AP to the one with the better signal. Hando↵ is essential not only
for comfort, but for applications that use real-time data exchange, since, for
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example, phone calls like these require fast data exchange, and when on the
move, manual exchange is impractical.

The handover technology is of great importance for this project as it allows
multiple users to be identified in real time, along with a description of where
this person is, what device is currently being used, and how much power this
person is consuming, regardless of location.

A micro network can be created in the user’s home that consists of Arduino
microcontrollers along with the ESP 8266 that will simulate an access point
(AP). This microcontroller will be used to identify certain rooms in the house
by signal strength and determine how many users are in these rooms and
who exactly they are. This search will be done by mapping the dBm (signal
strength), and this signal will be restricted to the area of each room by a
microcontroller that will be positioned in the center of the room.

This mapping will be done in each room with the help of a small tutorial
that will require the user to stand a) under the microcontroller, b) between
the microcontroller and the output port of the room, and c) finally by the
output ports, so that the limits of each can be estimated.

The information will be sent to a database along with the user’s identi-
fication, using the MAC address of the smartphone, along with information
about each part of the home, such as the bedrooms and bathrooms, so that
consumption can be shared more easily.

The way the handover process works in this project is as follows:

1. in each room of the house, there will be a microcontroller that simulates
an AP;

2. the smartphone will send a scan that will allow the microcontroller to find
out where the user is via the dBm signal of the AP to which the user is
connected;

3. when the user moves to another room, the signal from the AP in the
previous room tends to weaken, causing it to transfer to the AP in the
room the user is moving to.

In this project, the range limit led to good results because the power from
the signal from the microcontroller is limited. This is because a room measur-
ing tool in the application, provides more precision for the handover from one
place to another. Moreover, since the rooms in houses are divided by walls,
this will help to attenuate the signal and improve precision.

The description made so far of the handover proposed for this architecture
can be better visualized in Figures 2 and 3. While they are in di↵erent rooms
of the house, but using electronic devices (Fig. 2), the system calculates, in
hours, how much time each one has to use them; when they are together in
the same room (Fig. 3), the times for using each device are added up, giving
users the possibility of sharing consumption times.

However, if after the common use, these users are separated again, each
one will conserve proportionally the time that is left. Note that not only the
time will be calculated, but also the consumption according to the energy
used. Thus, as shown in Fig. 3, after 2 hours have passed, user 1 holds 25% of
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Fig. 2 Users limit proportionately reduced.

the total amount, while user 2 holds 75%; this means that user 1 will be 30
minutes out of his total limit while user 2 will be 1 hour and 30 minutes out
of his total limit.

Fig. 3 Multiple users resulting consumption limit.

And how will the architecture have the possibility to unite this monitoring
per device and user in the smart home assisting the conscious and sustainable
use of energy and reduce its costs? That is exactly where the other pillar of this
project lies: smart electrical outlets that are yet to be developed in a future
work and that will be integrated into this project.
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3.4 Software

As a means of finding a smart home solution for energy management, this pa-
per seeks to enable interoperability to occur between customer metering, real
time tracking and other management applications. Hence, a system must be
implemented with a layer based on REST API that accepts interoperability be-
tween these features. In general, these applications should be compatible with
the Web Service technology chosen for this architecture. Figure 4 represents
how the middleware structure works.

Fig. 4 Diagram depicting the web service layer (middleware) components.

This system will include features of the smart outlet and handover and will
use REST as middleware. Together with a residential metering equipment, the
interface of this middleware will be able to connect applications for final users
and utilities. Furthermore, highlighting numerous control and management
actions will be possible by using these middleware features, such as, the ne-
cessity to access the measurement information recorded in a database by the
central node and set parameters for the transmission of this information to
the management structure of the power utilities.

Nevertheless, depending on the type of user, some functions will be re-
stricted to ensure the safety of the residents; thus, the utilities will not be
able to turn o↵ any electrical device which is controlled by the system, for
example. This will be exclusively for the use of the residents, and users of
the MAC address; moreover, their location in the house will be only visible
to the residents. Instead, the energy supply of the utility can be interrupted
manually.

A procedure is in development that is based on the fuzzy logic system re-
garding applying a meta-heuristic for validation. Thus, the system may notify
the customer on the necessity to lower the energy consumption based on the
input variables (consumption indicator and rates) after which the information
handling will be conducted in order to guarantee energy savings.

This implementation will be necessary before the consumption plan of each
user can be defined, since it will rely on the information collected from the
measurement node and the tracking node. Besides, the fuzzy logic will must
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calculate the consumption and produce results that can help each user, re-
gardless of the device and where he/she is located in the residence.

The individual rate of consumption will be measured for each individual, as
represented by the pyramids in Figure 5. The pyramids are formed by means
of fuzzy logic and represent the most and least used appliance of each user,
the most often used being on the top and the least used on the bottom.

Fig. 5 An Overall Pyramid Scheme for Users

The user pyramid schemes will serve as the basis for optimizing the con-
sumption defined in the profiles, as the question of if each appliance can have
its consumption reduced or not depends on whether it is at the top or at the
bottom of this pyramid. User pyramids will result in an overall pyramid rep-
resented in the Figure 5 as “Combined Consumption” that also will list all
the appliances in use in the house and will provide information about which
consume the most or least amount of energy. This information from the overall
pyramid will be made available to the energy utilities, as it has information
on the general consumption of the house.

The pyramids of the users will result in a general pyramid that will define
the most widely used appliances in the house. The information about the
general customer that will be made available to the energy utilities will be
taken from this pyramid, which is shown as a residence.

It is also made clear that when two or more people share an appliance
in the same room, the consumption will be divided between them for better
comfort, distribution and consumption optimization.

The Power Consumption Indicator (PCI) is calculated based on the infor-
mation provided by the automated housing system. This information includes:
Use up to the current day (CC), current day of the month (MD), historical
consumption average (HCA) and number of days in the current month (CMD).
Based on this data, the indicator will be calculated by (5):

PCI = CC / (MD (HCA / CMD)) (5)

From an appropriate formula, it will be possible to acquire the values for
PCI. They are divided by scales, where PCI = 1 suggests that the consumption
is inside the typical range. When PCI <1, it is separated into scales ranging
from 20% to 100% (Fig. 6). Similarly, the input variable “Monthly Percentage”
is divided into 5 pre-established periods (Fig. 7).
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Fig. 6 Above – Average Energy Consumption Indicator in Fuzzy Logic.

Fig. 7 Monthly percentage input from a Fuzzy Logic perspective.

The output variable ”Excess consumption” may undertake six potential
states from the starting-point of the graph after the Fuzzy machine has been
completed, meaning that the consumption falls inside the average array. If this
is within a range from 20% to 100%, it indicates that the amount consumed
has been surpassed (as is shown in Fig. 8).

Additionally, when the Fuzzy inference system sends the final result, the
occupant will then be instructed by a notification on her/his mobile appli-
cation. The alert will show all the devices that have exceeded the expected
consumption rate and the user can follow steps to provide an optimized usage
plan.

Fig. 8 Exceeding Consumption Percentage.
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This system output completely depends on the ”Index” and ”% per month”
input variables. The output is also changed when the input values change.

Fig. 9 Decision-making system Flowchart.

The configuration management system can make decisions with greater
precision based on data, to ensure that the users can be informed of the current
rate of electricity usage by checking the intelligent consumption of electronic
devices.

In addition, on the basis of the excessive consumption shown by the unclear
system, the factors which result in increased energy usage may be included
from the information observed for every device. This means that the users wil
be able to decide, based on the defined strategies of the profile, which elements
to disable or how to reduce their use. A flowchart is used for explaining the
stages of the decision-making system (Fig. 9).

4 Preliminary Results

The interoperability between the handover and the smart outlet will identify
which room the user is in and what is being consumed by him / her, deter-
mining the identification and the precise location so that their consumption is
optimized in the best way (Fig. 10).

Additionally, with the interoperability information, two systems are be-
ing designed for the architecture in di↵erent domains, one being a system for
mobile devices while the other is a system for WEB applications. The objec-
tive of both systems is to show the viability and justification of the planned
architecture.

The two prototype systems under design require a monitoring and adminis-
tration utility that is consistent with that of the proposed architecture. These
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Fig. 10 Tracking node and measurement node interoperability.

will not be limited to the user access platform or established types, and access
limitations are established in the validation scheme. Figure 11 shows the web
service.

Fig. 11 The Monitoring System – WEB case study

Figure 12 displays the two screens of the mobile service, which include the
initial screen and the ”main menu” screen with the ”general options”. The
first screen requires a user registration or login to access the application and
web services. The second screen contains the application’s general options as
well as some information about the user’s current location, current dBm and
MAC Address. This information is provided by the user tracking system.

Other results can be obtained by manipulating the collected set, in addition
to be able to view the information through the designed solutions, starting with
the data locally-stored (but only the month of measurement in the central unit)
or data stored externally. The degree of electrical energy consumption of the
observed appliances is illustrated in Figure 13.

In order to represent the potential for energy consumption optimization,
surveys and measurements have been conducted to test the smart grid, in-
volving the collection of entered data necessary for the authentication of the
results.

Based on the information gathered (Fig. 14), a smart approach has been
employed to assess the possible results for energy use optimization.

After Profile 1 was successfully applied, a decrease in the energy consump-
tion of each appliance was noticeable in proportion to its total consumption,
until the excessive amount of energy consumption was reduced (Fig. 15). This
can be seen in the fan, for example, which had its limit reduced from 28 KWh
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Fig. 12 Mobile Application Login Screen and Menu Screen.

Fig. 13 Graph to visualize Consumption (kWh)

Fig. 14 Users energy consumption average rate.

to 18.1 KWh. Previously, the shower head consumption limit was 15 KWh, but
after the implementation of regulatory measures for consumption, this amount
was reduced to 9.7 KWh, and the rates for all other appliances were also re-
duced. This is the goal of Profile 1, which made a proportional reduction of
each of them and managed to balance the consumption rates of all appliances
to guarantee the end user an adequate degree of comfort.

The main objective of the system is to establish the feasibility of the de-
signed architecture, as well as to encourage its endorsement. Figure 16 illus-
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Fig. 15 The balance of appliances energy usage based on overall consumption.

trates the monthly consumption, based on the data collected through the use
of smart outlets (still under development), as well as the results for the esti-
mated energy consumption after applying Profile 1. A smartphone interface
was developed for the architecture, which allowed the user to examine the
three profiles and choose the one that best fits their personal preferences.

Fig. 16 Statistics and Energy Consumption data screens.

When two or more users are in the same room, their consumption limits are
then combined (Fig. 3), and the total consumption is discounted proportion-
ately from each user. After 2 hours passed and they left for separate rooms, in
the video game case, for example, user 1 holds 25% of the total amount while
user 2 holds 75%, meaning user 1 will get 30 minutes o↵ their total limit while
user 2 will get 1 hour and 30 minutes o↵ their total limit (Fig. 2).
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5 Conclusion

This project has the purpose to develop an innovative solution for a Smart
Home environment regarding the concepts of computational intelligence, IoT,
device design, measurements, interoperability and easy -to -use applications.
This architecture implementation has led to the following: a hardware solu-
tion with the objective to identify the user location and what appliance is
she/he using and how much is she/he consuming, with an interoperable mid-
dleware solution which provides a solutions to help the consumer to optimize
her/his consumption. The architecture also includes several technological re-
quirements, for example: a high degree of flexibility and reuse, service trans-
parency, availability of information and modularity.

In this paper, the focus of key aspects of the Smart Home domain is the
designed architecture. Its specific features and functions are not only suitable
for monitoring and control contexts but also o↵er an interface for control
through monitoring systems based on traditional solutions derived from the
tool. Nevertheless, this alone does not mean that it is not possible for the end-
user to find the solutions needed to control and monitor the home.

When applying the architecture, it should be stressed that the tracking
of the consumption habits of di↵erent users connected and actively monitor
this is made possible by means of a mobile or web application. Moreover, it is
noteworthy that the data generated by the architecture will allow for e↵ective
mechanisms to be designed which constitute an e↵ective method of applying
government policies that can assist in reducing energy consumption. Using
efficient computational techniques to produce statistical data that can help
reduce electricity waste, the system can also provide benefits to the environ-
ment.

In addition, several benefits are provided for a Smart Grid situation, in
particular for Smart Homes, through the adoption of this architecture. The
benefits are as follows:

(a) An intuitive user interface for mobile applications to control and mon-
itor the devices and rate of consumption of each appliance of the end-user.

(b) An ability to predict the final amount of energy consumption by using
an intelligent module.

(c) A Design and control consumption system for both the customer and
the power companies.

(d) A tracking system for residential homes with multiple residents with
the purpose of improving the management of electricity consumption.

(e) The development of a low-cost open standard solution for transmission
and metering devices.

Every software component and device used in this project is interoperable
and scalable and they have all been open standards-based, a key element being
their low price. Such factors can allow the proposed architecture to be used in
commercial areas on a large scale. Additionally, the architecture has already
been successfully employed in real-world situations and is thus suitable for use.
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2.2 ARTIGO 02 - Fractional order differential calculus applied on
decision making system to smart grid management via
decision trees

2.2.1 RESUMO

O presente artigo retrata a relação entre o cálculo diferencial de ordem fracionária e o

método de inteligência computacional, aplicando-a no aprimoramento de sistemas

inteligentes. As Leis Kirchhoff, representadas por equações diferenciais de segunda ordem,

foram solucionadas via cálculo diferencial de ordem não-inteira. Os resultados obtidos foram

utilizados na implementação de inúmeras árvores de decisão, que por sua vez subsidiaram

regras de decisão incorporadas aos controladores. Os resultados obtidos pela modelagem

matemática magnificaram as informações extraídas das Leis de Kirchhoff. Devido a

magnitude dessas informações, obteve-se árvores de decisão com maior precisão e acurácia.

Dessa forma, foi alcançado um sistema híbrido capaz de ser utilizado no desenvolvimento de

controladores autômatos que apresentarão menor tempo de resposta e maior eficiência.
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Abstract
This article portrays the relationship between fractional order differential calculus and the computational intelligence
method, applying it to the improvement of intelligent systems. The Kirchhoff Laws, represented by second order
differential equations, were solved via non-integer order differential calculus. The results obtained were used in the
implementation of decision trees, which allowed the decision rules to be incorporated into the controllers. The results
obtained by mathematical modeling did magnify the information extracted from Kirchhoff's Laws. Due to the gain
magnitude of this information, the decision trees were obtained with greater precision and accuracy. In this way, it was
achieved to build a hybrid system capable of being used in the development of controllers automata that has the lower
response time and highest efficiency.
Keywords: Decision Tree; Fractional Order Differential Calculus; Smart Grid; Kirchhoff Laws.

Resumo
O presente artigo retrata a relação entre o cálculo diferencial de ordem fracionária e o método de inteligência
computacional, aplicando-a no aprimoramento de sistemas inteligentes. As Leis Kirchhoff, representadas por equações
diferenciais de segunda ordem, foram solucionadas via cálculo diferencial de ordem não-inteira. Os resultados obtidos
foram utilizados na implementação de inúmeras árvores de decisão, que por sua vez subsidiaram regras de decisão
incorporadas aos controladores. Os resultados obtidos pela modelagem matemática magnificaram as informações
extraídas das Leis de Kirchhoff. Devido a magnitude dessas informações, obteve-se árvores de decisão com maior
precisão e acurácia. Dessa forma, foi alcançado um sistema híbrido capaz de ser utilizado no desenvolvimento de
controladores autômatos que apresentarão menor tempo de resposta e maior eficiência.
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Resumen
Este artículo describe la relación entre el cálculo diferencial de orden fraccionario y el método de inteligencia
computacional, aplicándolo a la no mejora de los sistemas inteligentes. Las leyes de Kirchhoff, representadas por
ecuaciones diferenciales de segundo orden, se resolvieron mediante cálculo diferencial de orden no entero. Los
resultados obtenidos se utilizaron en la implementación de árboles de decisión, que a su vez apoyaron las reglas de
decisión incorporadas en los impulsores. Los resultados obtenidos mediante modelos matemáticos magnificaron la
información extraída de las Leyes de Kirchhoff. La magnitud de esta información obtenida, los árboles de decisión se
obtuvieron con mayor precisión y exactitud. De esta manera, se logró un sistema híbrido capaz de ser utilizado en el
desarrollo de controladores de autómatas que tiene el menor tiempo de respuesta y la mayor eficiencia.
Palabras clave: Árbol de decisión; Cálculo diferencial de orden fraccionario; Red inteligente; Leyes de Kirchhoff.

1. Introduction
In the past 20 years, humanity’s care about Ambiental impacts gained even more weight on decision making, mainly

because of extreme climatic changes and its impact on nature, economy, and life quality of humans. Unfortunately, this caution

about the consequence of humanity’s impact took much time do bring practical solutions, and because of that, society began

living a hard time with resources production and distribution.

The resource scarcity got accentuated over the last 2 years, mainly because of covid-19 pandemic, being one of the most

affected areas the technological industry, as seen in Baraniuk (2021) and Wilmot. (2021) with the chips shortage, affecting from

the smartphones production to the new smart automobiles manufacturing. Another sector struggling because of the pandemic

and lack of previous prepare is the energy section, both power generation and power distribution, as shown in Hoskins. (2021)

with some provinces in China going through a power shortage.

In Brazil, there’s currently a similar problem of power generation happening because of a drastic reduction in rainfall

over the last year as seen in Mota (2021), and as most of Brazil’s electrical power is produced by hydroelectric systems, the

country began an energy rationing and increasing the usage of thermoelectric systems, causing an increase on population’s power

bill.

The pandemic also brought a new era based on home office to reduce infection rates, and as this experience allowed

some professional to keep on working from home, workers started to improve their own domestic offices for productivity and

comfort. Nonetheless, the need of caring about the energetical consumption got even higher because of world’s situation

described previously on this paper, therefore this new generation of home officers lack a trustful, efficient, and simple

implementation system capable of managing their inhouse office room energetical usage.

Managing inhouse power grid allows not only energy saving, but also Ambiental and living comfort for the residents,

(Hagenbeck et al. 2016) presented a smart home control system to save energy using Fuzzy Techniques to perform automatic

decision making, however its implementation requires some advanced analysis by individual sensors in the smart home, and

manual defined Fuzzy Rules to operate the system based on conditionals. This paper, analogously, proposes a method that applies

automation since the development of the conditional rules, by utilizing computational intelligence to trace the behavior patterns

and return the different scenarios and later run the real time decision making.

In (Costa H. A. O. et al. 2021a), the authors apply a hybrid model using Genetic Algorithm (GA) and Newton’s method

to optimize the energy distribution and transmission over a power grid, possible thanks to the mathematical-computational

modeling of the circuit. On (Costa H. A. O. et al. 2021b), it’s presented a composed model by the union of GA and Particle

Swarm Optimization (PSO), this model allows quickly finding great solutions with optimal values for better operating the

components in the 14-bus electrical system.

http://dx.doi.org/10.33448/rsd-v10i2.XXXXX
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Because of modern devices and various activities over the day, the home office turns the domestic office circuit in a

dynamic power grid, therefore the scenarios vary according to the combinations of active devices. This dynamic profile demands

a control system appropriate to not only classify the scenarios but also to perform the decision making while the control system

is online.

For this paper the authors chose to operate the circuit via a microcontroller device responsible, because it’s affordable

device and simply operated via multiple easy interfaces, so it fits greatly for the necessary activities. The device will operate

based on an algorithm developed to work with multiple conditions described based on the multiple home circuits behaviors.

The electrical phenomena, described by the Kirchhoff Laws, were implemented by way of the Non-Integer Order

Differential Equations solving results. Such strategy allowed to extract unhackneyed information about the behavior of RCL

autonomous electrical circuits. It’s considered that, the energy storers capacitors and inductors, such as the circuits in which they

are included, do not depend only on their power sources, but also on the voltages and initial charge from the capacitors, and the

current and initial flows from the inductors, since the differential equations the describe those circuits are obtained adopting the

relation voltage-current from the storer devices.

In the analysis of characteristic equations, obtained by the application of differential equations with non-integer orders,

it was perceived, with higher resolution, the behavior of damping intensity related to the undamped natural frequency.

The results generated by the optimized Decision Tree, trained with the input data received from the characteristic

equations, shown 92.2% accuracy, ratifying the hybrid system applied is efficient and reliable.

2. Methodology
This paper joints multiple fields of study, such as mathematical modeling, circuit analysis, computational intelligence,

and microcontrollers. Since it applies techniques from various areas, the following topics will describe every step from this

research that compounds this paper’s methodology. It is also important to emphasize that the methodology implemented in this

paper, takes as a great reference the guidelines proposed by Pereira et al. (2018), in which it is presented a set of well-structured

steps to the organization of scientific papers.

2.1. Mathematical modeling

This paper will apply Fractional Order Differential Calculus (FODC) in its mathematical modeling, following the

process presented in (Costa, D. C. L. et al, 2021a). The integer order derivatives reflect the variation rate at which some

phenomenon changes, the real order derivatives allows one to extract more information about such phenomenon, an example in

(Costa, D. C. L. et al, 2021b) shows a fractional order derivative outcomes when applied to a space function, shows not only the

variation of an object through space, but also brings to the user the information about the eminence of the movement, in other

words, it allows one to perceive the position change before the action properly occurs as seen in Figure 1.
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Figure 1 – Fractional Order Derivative Curves

Time values

Source: Costa, D. C. L. et al (2021b)

Where �(�) = &(�) = 5� − �² (blue line on Figure 1), its derivative ��(�) = &!(�) = � − 2� (black line on Figure

1), and ���(�); 0.0 ≤ � ≤ 1.0 (red lines on Figure 1) are the fractional order derivatives. It is noteworthy that the fractional

derivatives outcomes provide much more information between the space and speed function, that is, the time interval from an

object to leave its state of rest until initializing the proper movement. It is also important to highlight that in Figure 1, the red

lines closer to the left margin are the ones in which lim ( )~ ( ), and the red lines dislocated to the right side of the
�→1

graph is where lim ( )~ ( ), therefore one may comprehend this as an entropy inversion when dealing with the
�→0

information of a phenomenon.

Through time, multiples mathematicians and physicians studied and developed the fractional order derivatives, the

demonstration and structural differences occur from the diverse oriented scenarios in which each author aimed their method.

These variations, yet bringing some decision difficulties, are mostly a good characteristic, because it allows researchers to choose

the best method for their situation. Between multiples possibilities, this research considered some methods to apply, but to decide

it is needed to evaluate those method’s definitions and applicabilities.

One of the considered methods is the Riemann-Liouville, where its derivative of fractional order α of a function x(t) is

shown in Equation 1.

( ) = �−(�−�)
( ) =

1
+ (� − �)�−�−1�(�)�� (1)

0, 0, 5(� − �) ��� 0

Where�− 1 ≤ � < � 3 �(, and Γ is the Euler-Gamma function.

Another method this paper considered is Caputo’s, its derivative of fractional order α of a function x(t) is defined as

presented in Equation 2.

−(�−�) �
�

= ( )= 1 + (� − �)�−�−1��(�)�� (2)
0, 0, 5(� − �) 0

Where�− 1 < � < � 3 �(. From this definition, is noticeable that in Caputo’s method �� �(�)(�) = ��+��(�).
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Both methods are mathematically applicable to the problems this paper works with, however, as seen in (Li, C. et al,

2011), the Riemann-Liouville method grants a wider horizon of possibilities since Caputo’s method works in a shorter

operational range. Another important feature to help deciding the most appropriate Fractional Order Derivative method is its

computational implementation capability and easiness.

As described in the next topic, this project relies on computational tasks to better precision and real-time analysis, thus

the compatibility of the mathematical method and modeling shall fit this project’s necessities. In (Li, C. et al, 2011) and

(Brzeziński, 2016), Riemann-Liouville was the main solution method applied because of its balance between low implementation

complexity, high rates of precision and accuracy, keeping the method’s characteristic of being applicable in a wide quantity of

functions.

2.2. Computational intelligence modeling

As said in the introduction, this research seeks to develop an algorithm that allows complete automation, since its

implementation until the later execution, to accomplish that, it is inevitable to utilize some computational intelligence method.

The chosen technique, between various methods, was the Decision Tree (DT), this algorithm of computational intelligence grants

great flexibility since it allows multiples utilizations as classification, regression, and prediction. (Azancort et al, 2021) presented

an application of DT to improve the selection of areas for building a landfill, by discovering the control variables in multiple

scenarios thanks to this computational technique. Among other possibilities, DT is also a low computational cost algorithm when

compared to Artificial Neural Networks (ANN), (Ekiz et al, 2020) shows DT is also more efficient for prediction and for studies

relying on small quantity of data.

To exemplify the DT working process, consider the data in Table 1.

Table 1 - Data Input Example
Test Attribute 1 (X) Attribute 2 (Y) Result ( )
1 -1 1 4
2 -4 -1 -7
3 +3 -2 3
4 1 4 13

Source: Authors

In Table 1 there are 4 Tests, also known as “observations”, in which the table provides the inputs - or attributes - values

of X and Y in given system, and in the last column the output values f of the system with respect to each input. Even with these

few data, if one uses it as an input to a DT, one possible outcome (since the tree model may vary depending on the programming

and setup utilized) is the model presented on Figure 2.
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57

57

Research, Society and Development, v. 10, n. 2, eXX, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i2.XXXXX

Figure 2 - Decision Tree Classification Outcome

Source: Authors

The DT analyzes the input data and provides a model capable of describing the behavior of this dataset, the resultant

model can predict the results of inedited inputs, as it can also guess the input combinations from a given output. Based on the

conditional relations the DT established, like seen in Figure 2 (If Y ≤ 0, 9 ≥ 0,…), the DT may also work as decision-making

mechanism over the patterns the algorithm learned. Notice this example is simpler than the scenarios this paper will work with,

but the intention is to easily explain the DT operation.

In this study the DT will be utilized in two different ways, the first is to analyze the circuit and elaborate a model based

on the electrical grid architecture, DT is a classifier technique which its rules are produced by itself, and by so it compounds

more of this paper’s automation essence, so the classification property of the algorithm will be used, besides that the algorithm

will also compare the attributes described in the next topic to evaluate its importance and impact on the circuit. The second

application of the DT uses the algorithm decision making property, based on the possible scenarios produced by the DT at the

previous step. The DT will use the FODC information gain to provide real time decisions, the computational platform will solve

the differential equations developed on the mathematical modeling step according to the input and choose the better solution for

this input based on the computational model developed by the classification tree.

To choose a programming language which fits the software requirements for this methodology some features must be

available in the platform, as the data treatment, tools compatibility and intercommunication, besides computational cost, and

results precision. (Costa, D. C. et al, 2019) and (Costa, D. C. et al, 2020a) utilize Python Programming Language as main tool

for mathematical methods, mostly because of its libraries that allow symbolic mathematics and interactive visualizations.

Nonetheless, (Costa, D. C. et al, 2021b) present MATLAB as a more efficient working tool, mainly in applied situations that

need a high quantity of variables included in their analysis, as in (Costa, D. C. et al, 2020b) and (Silva et al, 2019).

The software chosen to develop the DT and connect it to the later explained controllers is MATLAB, which name stands

for Matrix Laboratory, this platform works data in matrix format to achieve higher precision in problem solving based on

geometric calculus and geometric algebra, as differential geometry problems. The geometric sustenance allows MATLAB to

calculate via Graphical Processing Unit (GPU), instead of relying only on Central Processing Unit (CPU), which grants better

performance, in (Semenenko et al, 2020) it is presented that, in average, a GPU realizes calculations 9 to 11 times faster than a

CPU.

MATLAB provides toolboxes, which are specialized groups of functions, for the DT implementation, these toolboxes

optimize the development of the computational intelligence method used in this paper since it drastically reduces the quantity of
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commands, and consequently the amount of code lines. Another important feature is the toolbox for system control management

provided by MATLAB, better explained in the Microcontroller Functionality topic, which enables the communication between

hardware and software.

2.3. Physical attributes setup

For the DT to work properly, it is needed to set a mathematical meaning to correlate the attributes, the attributes on the

Tree are the variables analyzed on the circuit. One of the attributes is the Current, defined by the rate at which charge moves past

a point over time, as shown in Equation 3.

9 = (3)

In which i is the current (in amperes) and dq is (in coulombs) the amount of charge moving past a point through a time

interval dt (in seconds). Another important attribute is the potential difference (tension) between two points a and b, defined in

Equation 4.

��−�� = 9� (4)

Where is the tension on point a, the tension on point b, i the current defined in Equation 3, and R is the resistance

which may be defined as shown in Equation 5.

=
A

(5)

In which L is the length of the wire, A is the cross-sectional area of the wire, and ρ is material’s resistivity. Nonetheless,

the resistivity property varies with temperature, for metals in general the variation is approximately linear over a broad

temperature range (Resnick & Halliday, 2011). A material’s resistivity variation is defined in this paper as presented in Equation

6.

�− �0 = �0�(� − �0) (6)

In which �0 is a selected reference temperature, and �0 is the resistivity at such temperature. The α is known as the

temperature coefficient of resistance, it means the change factor per degree of temperature change. For copper, the resistivity

�0 = 1.69 × 10-8fi ∙ � when �0 = 293�, and the � = 0.00404�-/.

Another attribute included in the analysis is the energy transfer, known as power, and defined as shown in Equation 7.

= 9 (7)

Being P the rate at which energy is transferred from one point to another. The unit of power is volt-ampere, that may be

describe as

1� ∙ A = K1 �N K1 �N = 1 � = 1P.

As shown above, Power unit may also be represented in Watts(W).

Since this paper seeks to improve energy saving while considering the resident comfort, it is essential to include the

thermal energy emitted from the domestic office electrical grid, with this objective the analysis will include the dissipated power

as thermal energy. Considering a device with resistance R, the resistance may also be described as Equation 8.

=
9

(8)
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A device’s resistance from Equation 8 may be combined with Equation 7 to provide the resistive dissipation as shown

in Equation 9 and Equation 10.

= 90 (9)

0
= (10)

It is important to notice that Equation 9 and Equation 10 applies only to the transfer of electric potential energy to

thermal energy in devices with resistance.

This paper will also utilize the concepts from Kirchhoff’s laws of circuits, using multichannel devices on the electrical

grid. These laws are the strategies responsible for connecting the multiples variables and attributes here analyzed, the

mathematical method of Kirchhoff’s Laws is represented in Equation 11.

0 1 ( ) ( )
0 + + = 11

Where L is the inductance defined by Equation 12.

=
T
9 (12)

In which N is the number of turns in the coil, the windings of the inductor are connected by the shared flux, and the

product �T is called magnetic flux linkage. The inductance (L) is, therefore, a measure of the flux linkage produced by the

inductor per unit of current. The unit of inductance is tesla-square meter per ampere (� ∙ �0/A), most often worked as henry

(H), as presented in Equation 13.
0

1 � ∙ A = 1� (13)

The C in Equation 11, represents the rate of electrical potential between conductors caused by their stored electrical

charge, also known as capacitance, this attribute described in Equation 14.

=

Capacitance mainly adopted unit is Farad (F), after the English physicist Michael Faraday.

(14)

When combining Equation 11 with Equation 1, one applies the fractional order derivative principles of Riemann-

Liouville to the Kirchhoff Laws of circuits, resulting in Equation 15.
-/ 1 ( ) ( )

Where 1 ≤ � ≤ 2 W ℚ2.

+ -/ + = 15

These attributes will contribute to the management of the analyzed electrical grid, so was necessary to prove their

mathematical relation as strategy to provide physical meaning to the DT results, otherwise the computational outcome would not

be enough to guarantee the model efficiency. Furthermore, the fractional order methods will provide more information about the

circuit behavior, increasing the smart metering.

2.4. Microcontroller functionality

To effectively implement the mathematical and physical models to the electrical grid through the computational system

developed, it is necessary a hardware control device capable of receiving the grid inputs and correctly obey the conditionals
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implemented on its programming. Both Arduino and Raspberry Pi devices work with the MATLAB tools, and that’s a key

feature to develop this project over the same software, since it creates a broad horizon of possibilities.

In (González & Calderón, 2019), it is presented the application of Arduino platform in automation of Smart Grid

systems, ensuring low cost, because of Arduino’s opensource technology. (Li, Z. et al, 2020) presents a model of intelligent

office lighting system using Arduino as its main controller, combined with illuminance sensors to deal with China’s office

lighting energy waste. (Khairudin et al, 2019) shows the possibility of developing fuzzy logic systems in MATLAB and

converting it into C/Arduino scripts, achieving immediate hardware control application in an Arduino device.

The importance of connecting the Arduino device to MATLAB represents an easier path to data and commands

transfer between these platforms, since MATLAB provides a toolbox for directly converting its scripts to C codes, the

communication may be executed in low computational cost, since there’s no need for heavy encoding, consequently, low time

delay between input and response’s system. This MATLAB feature carries great importance for bringing the DT conditional

structures to Arduino’s grid management and controlling. It is noteworthy that the Arduino physical implementation and I/O

setup is out of the scope of the paper.

The workflow of the presented methodology is represented in Figure 3.

Figure 3 – Methodology Flowchart

Source: Authors

At this moment, the methodology workflow is well defined in all the addressed aspects, the flowchart illustrates the

union of the steps well described on the previous topics, therefore the methodology proposed is consistent and cohesive. The

next step is to analyze the practical execution of the algorithm on the running program, to evaluate parameters as precision,

accuracy, computational cost, and time response.

3. Results and discussion
This paper’s whole computational system was implemented on MATLAB platform, since it offers all tools needed to

accomplish the methodology presented on Figure 3. The DT methods were implemented using Classification Leaner tools,

however the FODC codes were completely developed by the authors.

The first result comes from the application of the FODC techniques described in the mathematical modeling section,
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using the input data being Capacitance (C) = 0.001 Farad, Voltage (V) = 3 Volts, Resistance (R) = 50 Ohms, Inductance (L) =

10 Henry and Current (i) = 17 Ampere from (Abubakar et al, 2019), in which the attributes values are shown in Table 2.

Table 2 - Circuit Data From FODC Application

= .1 = .2 = .3 = .4 = .5 = .6 = .7 = .8 = .9 DAMPING
T 00 2.957515 4.373448 6.46727 9.563525 14.14214 20.91279 30.92495 45.73051 67.62433 WEAK
T 01 2.660065 3.496247 4.523375 5.732623 7.062947 8.353107 9.259726 9.119841 6.723601 WEAK
T 02 2.477475 3.07342 3.736806 4.426574 5.061719 5.499541 5.505643 4.71435 2.579682 WEAK
T 03 2.318031 2.759792 3.209608 3.620085 3.914122 3.97352 3.625414 2.627458 0.65407 STRONG
T 04 2.1692 2.497605 2.79975 3.028624 3.114904 2.960781 2.433704 1.361225 -0.47097 CRITICAL
T 05 2.029642 2.27015 2.463432 2.565393 2.515198 2.232111 1.613095 0.532252 -1.15629 CRITICAL
T 06 1.900044 2.070871 2.18175 2.192565 2.050793 1.690207 1.030697 -0.01994 -1.56098 WEAK
T 07 1.781139 1.896257 1.94418 1.889159 1.686455 1.282248 0.614747 -0.3828 -1.77625 CRITICAL
T 08 1.673276 1.743778 1.743593 1.641369 1.399475 0.974683 0.320025 -0.61163 -1.86158 CRITICAL
T 09 1.576402 1.611236 1.574495 1.439046 1.173633 0.74403 0.115302 -0.74444 -1.85828 CRITICAL
T 10 1.490137 1.49657 1.43233 1.274217 0.996606 0.572879 -0.02215 -0.80853 -1.79583 CRITICAL
T 11 1.413878 1.397819 1.313193 1.14039 0.8587 0.447888 -0.10937 -0.82396 -1.69556 CRITICAL
T 12 1.346882 1.313127 1.213689 1.032182 0.752143 0.35865 -0.15932 -0.80565 -1.57284 CRITICAL
T 13 1.288334 1.240764 1.130859 0.945094 0.670641 0.296969 -0.18194 -0.76468 -1.43869 CRITICAL
T 14 1.237401 1.179138 1.062128 0.875357 0.609082 0.256369 -0.18487 -0.70929 -1.30092 CRITICAL
T 15 1.193263 1.126805 1.005266 0.819814 0.563307 0.231731 -0.17395 -0.64554 -1.1649 CRITICAL
T 16 1.155137 1.08247 0.95835 0.77583 0.529941 0.219019 -0.15365 -0.57785 -1.03424 CRITICAL
T 17 1.122293 1.044983 0.919731 0.74121 0.506252 0.215063 -0.12733 -0.50938 -0.91122 CRITICAL
T 18 1.094062 1.01333 0.888004 0.714133 0.490035 0.217384 -0.09752 -0.44231 -0.79714 CRITICAL
T 19 1.069838 0.986629 0.861976 0.693097 0.479521 0.224062 -0.06608 -0.37815 -0.69263 CRITICAL
T 20 1.049077 0.964112 0.840641 0.676865 0.473297 0.233617 -0.03438 -0.31782 -0.59783 CRITICAL
T 21 1.031299 0.945117 0.823151 0.664425 0.47024 0.244924 -0.00337 -0.26188 -0.51253 CRITICAL
T 22 1.016078 0.929077 0.808798 0.654953 0.469468 0.257137 0.02629 -0.21058 -0.4363 CRITICAL
T 23 1.003043 0.915508 0.796992 0.647779 0.470287 0.26963 0.054178 -0.16396 -0.36858 CRITICAL
T 24 0.991872 0.903998 0.787244 0.642366 0.47216 0.28195 0.080038 -0.12192 -0.30871 CRITICAL
T 25 0.982284 0.894198 0.77915 0.638281 0.474678 0.29378 0.103745 -0.08428 -0.25603 CRITICAL
T 26 0.974039 0.885815 0.772377 0.63518 0.477527 0.304903 0.125268 -0.05075 -0.20986 CRITICAL
T 27 0.966929 0.878602 0.766652 0.632792 0.480477 0.315185 0.144641 -0.02106 -0.16953 CRITICAL
T 28 0.960777 0.872352 0.761753 0.630902 0.483358 0.32455 0.161945 0.005105 -0.13442 CRITICAL
T 29 0.955432 0.866892 0.757501 0.629345 0.48605 0.332966 0.177291 0.028069 -0.10395 CRITICAL
T 30 0.950766 0.86208 0.75375 0.627994 0.488472 0.340437 0.190807 0.048135 -0.07758 CRITICAL
T 31 0.94667 0.857796 0.750383 0.626751 0.490573 0.346985 0.202632 0.065596 -0.05481 CRITICAL
T 32 0.943051 0.853943 0.747308 0.625546 0.492322 0.352652 0.212907 0.080729 -0.0352 CRITICAL
T 33 0.939832 0.850439 0.744449 0.624324 0.493709 0.357488 0.221773 0.09379 -0.01837 CRITICAL
T 34 0.936947 0.847219 0.74175 0.62305 0.494732 0.36155 0.229365 0.105013 -0.00394 CRITICAL
T 35 0.934342 0.844227 0.739165 0.621698 0.495401 0.364898 0.23581 0.114614 0.008385 STRONG
T 36 0.931971 0.84142 0.736659 0.620253 0.495732 0.367593 0.24123 0.122785 0.018892 STRONG
T 37 0.929794 0.838762 0.734206 0.618706 0.495745 0.369694 0.245736 0.129702 0.027821 STRONG
T 38 0.927781 0.836224 0.731785 0.617053 0.49546 0.371259 0.24943 0.135519 0.035387 STRONG
T 39 0.925904 0.833783 0.729382 0.615295 0.494903 0.372342 0.252405 0.140375 0.041777 STRONG
T 40 0.92414 0.83142 0.726987 0.613435 0.494096 0.372995 0.254747 0.144393 0.047153 STRONG
T 41 0.922472 0.829121 0.724593 0.61148 0.493064 0.373263 0.256531 0.147681 0.051657 STRONG
T 42 0.920884 0.826873 0.722195 0.609436 0.491828 0.373193 0.257826 0.150336 0.055411 STRONG
T 43 0.919364 0.824668 0.71979 0.60731 0.490412 0.372822 0.258693 0.152441 0.058522 STRONG
T 44 0.917901 0.822497 0.717377 0.605111 0.488836 0.372188 0.259186 0.15407 0.061082 STRONG
T 45 0.916486 0.820357 0.714956 0.602846 0.487119 0.371324 0.259355 0.155287 0.063169 STRONG
T 46 0.915113 0.818242 0.712529 0.600525 0.485278 0.370259 0.259242 0.15615 0.064853 STRONG
T 47 0.913776 0.81615 0.710096 0.598154 0.483331 0.36902 0.258885 0.156708 0.066191 STRONG
T 48 0.91247 0.814078 0.707659 0.595741 0.481292 0.36763 0.258317 0.157003 0.067235 STRONG
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T 49 0.911191 0.812025 0.70522 0.593294 0.479174 0.366111 0.257568 0.157072 0.068029 STRONG
T 50 0.909935 0.809989 0.70278 0.590818 0.47699 0.364481 0.256664 0.156949 0.068608 STRONG

Source: Authors

Table 2 shows the behavior of the Differential Equation from Kirchhoff Laws applied to the chosen circuit with the

proper input data. Table 2 structure consists of the analysis over time, discretized on the first column, from 0 to 5 seconds with

steps of one tenth of a second (1s⁄10), resulting on 51 rows of time progression. Columns 2 to 10 present the circuit behavior on

the same time instant but with dissimilar orders of the Non-Integer Order Derivative (NIOD), these orders values are symbolized

by α, in which the relation of α and m from Equation 15 is set by the relation below.

= + 1

This relation allows simplifying the quantity of alpha (α) values in Table 2 to work with the first and second order

derivatives needed in Equation 15. One can understand that every value in the range between rows 2 to 52 and the columns 2 to

10, is the Voltage value in the circuit at a T time at a α order in the NIOD. The 11th column shows the damping rate classification

of the circuit at a T time, and it’s defined by the following relations.

If i < √��, then the damping rate is considered STRONG,
6

If i > √��, means the damping rate is WEAK,
6

An if i = √��, the damping rate is classified as WEAK.
6

The Damping Rate attribute defines the circuit behavior, so it is extremely important for the construction of the DT, working as

its labels, as shown in the following steps of the workflow.

With the data in Table 2, it is possible to create an initial tree as a manner to allow the computational method to first

learn the conduct of the dataset, this initial execution returns a fitted binary classification decision tree according to the attribute

values (voltage) in table, and each moment’s response (damping rate classification). By then, the tree was implemented to execute

a data classification only, and the result of this process is presented in Figure 4.

Figure 4 – Structure of Classification Tree

Source: Authors

The classification tree in Figure 4 may also be represented in algorithm structure as shown in Figure 5.
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Figure 5 – Algorithm of Classification Tree

Source: Authors

In which x is the equivalent to the m element value in the Equation 15, the decision nodes are the NIOD orders and leaf

nodes are the damping behavior classification. This classification tree brings to this research the information that, even though

the NIOD extracts more information about a phenomenon, for this dataset it is only necessary the data from the second (α=.1)

and tenth (α=.9) columns do describe the damping from the circuit at a given moment, so these variables may be considered the

main attributes. This conclusion is important for allowing optimization of the computational cost, since it shows no need for

loading the whole dataset to deal with future decision making, by reaching a reasonable classification tree with approximately

22.2% of data available data. The relation between the main attributes is shown in Figure 6.

Figure 6 – Relation of the main attributes

Source: Authors

Since this paper seeks to build optimal solutions for real time smart grid management, the optimization process is

indispensable for reducing input-output delay, so the next step was improving the tree for quicker results. To achieve this goal

was necessary to utilize classification leaner features on MATLAB programming language, in which the authors were able to

train 3 DT models, with the main difference being the Maximum Number of Splits (MNS). The models applied were Coarse
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Tree (MNS=4), Medium Tree (MNS=20), and Fine Tree (MNS=100), in the comparative were also included the evaluation more

parameters as presented on Table 3.

Table 3 – Trees Performance
Parameters Fine Tree Medium Tree Coarse Tree
Accuracy 92.2% 92.2% 92.2%

MisclassificationCost 4 4 4
Prediction Speed ~3700 obs/sec ~4500 obs/sec ~5300 obs/sec
Training Time 1.3448 sec 0.8059 sec 0.45676 sec

MNS 100 20 4
Source: Authors

As every method achieved the same accuracy rate and misclassification cost, to choose the best technique for this

scenario it was considered the Training Time as the selection parameter, mainly for the persistence of this study to develop an

efficient real time analysis system. From this perspective, as Coarse Tree was the best performance method, achieving the same

results of the finer methods but with lower execution time, it was chosen to be trained model. The Coarse Tree structure is

presented in Figure 7.

Figure 7 – Structure of Coarse Tree

Source: Authors

This Coarse Tree is an optimization of the Classification Tree presented on Figure 4, reducing the quantity of decision

nodes based on the estimated probabilities from each leaf node results. With the Coarse Tree, this research achieved a trained

model for current and future data evaluation, this model brought many results, being the DT structure one of them, and the

behavior representations of the input data, one of these representations is shown on Figure 8.
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Figure 8 – Trained Model Parallel Coordinate Plot (Z-Score)

Source: Authors

Figure 8 is a Parallel Coordinates Plot (PCP), each column (attribute) from this line is symbolized by a point, and each

row from the table becomes a line in the plot connecting the points, line colors represent its classification label (response),

misclassified points are illustrated by dashed lines, so the dataset is brought to a representation according to its numerical

behavior. This figure displays the plotting on a z-score scaling, thus presents how far below or above a score is from the dataset

mean, this “distance” is measured in units of standard deviations, as noticeable in the plot vertical axis. This illustration method

didactic makes it easier to comprehend medium or large datasets, as example when zooming in the Figure 8, one can see the

different damping rate classification over time instants in the analyzed time interval, this zooming generates Figure 9.
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Figure 9 – Trained Model Parallel Coordinate Plot (No Scaling)

Source: Authors

A zoomed in observation increases precision at cost of resolution, however the figure interface generated on MATLAB

allows zooming in and zooming out at any moment, without any lost in the trained model data. The improved phenomenon data

extraction feature surely improves more precise and complex analysis, however when uploading the software functionality to

the microcontroller, it shall be able to performance decision making in the best time possible.

To achieve great processing time, it was used the observation made after analyzing the Classification Tree figure, in

which is said that data from the second (α=.1) and tenth (α=.9) columns are enough to represent the studied system, reducing the

data load every time a calculation is needed. Relying on this information, and combining with the different tree techniques

comparative, the authors trained a model that uses Coarse Tree architecture and only the (α=.1) and (α=.9) data, resulting in an

Optimized Coarse Tree, with structure presented in Figure 10.
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Figure 10 – Optimized Coarse Tree

Source: Authors

The yellow rectangles in Figure 10 show the estimated probabilities of every circuit damping rate classification in each

leaf node, thus the system does not disregard a probabilistic analysis, since deterministic proposals are often rough

approximations. Even though the models in Figure 7 and Figure 10 are visually similar, their difference becomes explicit when

comparing their training results, as shown in Table 4.

Table 4 – Coarse Trees Performance

Parameters Coarse Tree Optimized Coarse Tree

Accuracy 92.2% 98.0%
Misclassification Cost 4 1

Prediction Speed ~5300 obs/sec ~13000 obs/sec
Training Time 0.45676 sec 0.86332 sec

MNS 4 4
Source: Authors

Comparing the same parameters used in Table 3, one can notice the superior results of the Optimized Coarse Tree, as

the higher accuracy rate and the 4 times smaller Misclassification Cost. Even thou the Training Time was approximately 1.89

times longer, it’s a fair cost over the 2.45 times faster Prediction Speed, which was able to perform nearly 13000 observations

per second. It is also noticeable that, in Table 3 comparative analysis, the Training Time was the selection parameter because the

other tree models performed the same Accuracy and Misclassification Cost, however the Optimized Coarse Tree results are

arguably better, compensating the longer training time. The Parallel Coordinates Plot of the Optimized Coarse Tree is shown in

Figure 11.
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Figure 11 – Optimized Trained Model Parallel Coordinate Plot (Z-Score)

Source: Authors

As decide, only the columns 1 and 9 were used, reducing the quantity of misclassification elements to 1 and increasing

the Accuracy Rate. Loading selected data instead of the whole dataset reduce the quantity of analyzed values from 459 to 102,

resulting in datasheet files 3517 bytes lighter. This reduction of data loading may not look overly impressive by itself, but it shall

be considered this system will be in continuous processing, repeatedly calculating the new values from the circuit, therefore this

carrying out less information will directly impact on energy saving and resources usage, as CPU and RAM.

4. Conclusion
It is declared over this paper that its main objective was to propose and effectively build, a well-structured methodology

to support the combination of mathematical and computational methods over a hybrid modeling. This proposal goal was to search

for a modern and robust solution for the current energy management problems brought by recent changes in society’s behavior.

Following that goal, this paper brought up a mathematical-computational modeling by using Fractional Order Differential

Calculus along with Decision Tree computational intelligence model techniques, this modeling process compared different

techniques of both mathematical and computational tools, as the FODC solutions methods and the DT structures.

After elaborating the whole functionality of the proposed model, this paper shows the results that prove its model

viability and efficiency, the authors of this research are pleased with the built methodology, for its capability of solving the

analyzed scenario of smart power management. It is expected that this methodology works as reference for other researchers, in

the common goal to improve power management efficiency.

For future research, the authors of this paper plan to adjust this methodology for greater and more complex scenarios.

It is also intended to increase the algorithm’s performance by the application of different computational intelligence techniques,

which may provide an improvement on the Internet of Things (IOT) made possible by the 5G technology. Looking for more

probabilistic analysis, future works will include Bayesian Networks implementation to better comprehend modern stochastic

systems.
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2.3 ARTIGO 03 - A Smart Home Architecture for Smart Energy
Consumption in a Residence With Multiple Users

2.3.1 RESUMO

Os Sistemas Inteligentes de Controle de Energia (SCEE) têm sido cada vez mais

implantados no cenário de Casas Inteligentes, devido à possibilidade de condicionar e

controlar o consumo de energia residencial, contribuindo para a redução das perdas de energia

e do consumo elétrico desnecessário. Com a evolução dos sistemas embarcados em conjunto

com a Internet das Coisas (IoT), Smart Outlet (SO) e dispositivos que promovem os

ambientes de Identificação Interna de Usuários (UII), eles assumiram papéis fundamentais na

aquisição de dados de dispositivos elétricos e também no mapeamento do consumo

individualizado de cada residente ao longo do dia, fornecendo informações essenciais para os

SCEE como forma de auxiliar no balanço energético com mínimo impacto na usabilidade

diária dos equipamentos elétricos. Porém, na maioria das obras que propõem esses tipos de

atendimento à SCEE com base em SO e UII, há uma implantação massiva de sensores em

toda a residência, má interpretação dos dados gerados pelos moradores, dificuldade na

identificação de múltiplos residentes. Assim, o presente trabalho propõe uma evolução de

uma arquitetura denominada SmartCom, com a implementação de identificação precisa de

equipamentos elétricos através de SO baseada em Near Field Communication (NFC) (para

transferência de dados entre o aparelho elétrico e a SO) e de múltiplos habitantes por Wi -Fi

handover em smartphones, com o menor impacto possível no conforto do usuário, bem como

na estrutura da edificação, atingindo um reequilíbrio do consumo de energia residencial em

87,3% do tempo de uso.
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ABSTRACT Smart Energy Control Systems (SECS) has been increasingly implemented in the Smart
homes scenario, due to the possibility of conditioning and controlling residential energy consumption,
thus contributing to reducing energy losses and unnecessary electrical consumption. With the evolution of
embedded systems in conjunction with the Internet of Things (IoT), Smart Outlet (SO), and devices that
promote the Users Indoor Identification (UII) environments, they have assumed fundamental roles in the
acquisition of data from electrical devices and also in the mapping of the individualized consumption of each
resident throughout the day, providing essential information for SECS Systems as a way to assist in energy
balance with minimal impact on the daily usability of electrical equipment. However, in most of the works
that propose these types of assistance to SECS based on SO and UII, they have a massive implementation of
sensors throughout the residence, misinterpretation of the data generated by the residents, difficulty in the
identification of multiple residents. Thus, the present work proposes an evolution of an SECS architecture
called SmartCom, with the implementation of accurate identification of electrical equipment through Near
Field Communication (NFC)-based SO (data transfer between the appliance and the SO) and of multiple
inhabitants through Wi-Fi handover using smartphones, with the least possible impact on the user’s comfort,
as well as in the building structure, achieving a rebalanced residential energy consumption 87.3% of the time
it was used.

INDEX TERMS Smart energy control systems, smart outlet, user’s indoor identification, SmartCom.

I. INTRODUCTION
The electric power systems have undergone significant

changes in the last few years, owing to the introduction of
new business formats as in the electrical power distribution
system, for example. These formats allow end users to be
included in the dynamics of Smart Grid (SG) networking.
This interaction results in a complex scenario concerning the
services as it raises some serious challenges, for example, the
question of how to combine hardware and software features.
This is due to the heterogeneous environments in which

the power companies and power systems operate, which is,
in turn, a key factor when ensuring a suitable level of security.
Therefore, it is recommended that a strategy that is suited

to all aspects of the electricity area is to be adopted. Moreover,
the newmodel must satisfy the requirements of the Electricity

The associate editor coordinating the review of this manuscript and
approving it for publication was Macarena Espinilla .

Regulatory Authority (such as in the areas of maintenance,
control, and supervision), while also fulfilling the follow-
ing prerequisites: management, controlling, reliability, clean
sources of renewable energy generation, cost-effectiveness
and interoperability. These attributes are all required within
the SG domains [1].
Overall, an SG is a network that can manage electrical

equipment and systems in various fields and bring security,
viability, efficiency, and quality of service in an intelligent
and trustworthy way. There are seven interconnected areas
in those fields [2]. The first four (distribution, transmission,
end-users, and generation on a large scale) are responsible
for generation, transmission, and distribution. To provide full
management between customers and the Advanced Meter-
ing Infrastructure (AMI), for example, data exchange, these
fields must ensure bi-directional communication. The energy
managing market, service delivery, and energy supply refer
to the last three (operations, market suppliers, and services).
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FIGURE 1. IoT architecture in the context of SHs.

The term ‘customer domain’, [3] refers to energy managing
on the client side, along with the organization and control
of electrical devices to find stability and improve energy
consumption at home. The purpose of this article is to tackle
one of the nine requirements for SG applications (energy
efficiency and demand response), which is exactly the one
used in the SH scenario.
Based on the development of SH applications, a new struc-

ture was designed that associates data technology solutions,
innovative communication systems, and indoor identification
with users and sensors to build a wide range of modern SH
applications connected to the IoT. The working principle of
an architecture present within the scenario of an smart home
is demonstrated in Figure 1, in which it is illustrated the data
transfer between local server to cloud server and the remote
access using a mobile application.
With all devices connected to the internet as a result of

the IoT, the user is allowed to connect to home appliances
both internally via an intranet and externally via the internet,
opening up a range of possibilities for intelligent services in
the residential scope. The following requirements are needed
to provide users to monitor, access and remotely control
devices using the Internet [4], with an objective to achieve
efficiency and viability.
Considering the above, this article has created a new Home

Energy Management Systems (HEMS) architecture. This is
known as smart management consumer architecture and has
been based on the rules set out in [5] for interoperability and
viability of SGs into the context of IoT in SHs technology.
The HEMS architecture is adjustable and includes impor-

tant technological resources, such as remote-control capa-
bility, interoperability, reuse, modularity, flexibility, data
security, and the possible use of computational decision-
making techniques. Additionally, the scheme has as an objec-
tive to incorporate elements beyond the SH field such as
SG. It creates a single integrated interface system with an
interoperable layer, providing a web service with the tool by
using an AMI applied in the cloud.
For example, in [6], [7], it is proposed solutions to identify

only a single user’s consumption inside a residential home,
while most of the residential homes have multiple inhabitants.
The ZigBee protocol is also used in [6], [7] to control and
gather information of house appliances, but distant appliances

may be out of range due to the short range of the ZigBee
protocol, resulting in less reliable collection of data.
Therefore, this paper is an evolution of [6], [7], which now

allows the identification and tracking of multiple users by
internal Wi-Fi handover by making use of smartphones, and
through the use of SO technology using NFC identification
to extract accurate data from consumption, electric current,
voltage and identification of electric household appliances.
In this new architecture it is also used the LoRaWAN proto-
col, which is a long range and reliable protocol to control and
gather data of household appliances.
This new proposal seeks to assist multiple users to achieve

the ideal electrical energy consumption regardless of their
location in the house and what appliance they are currently
using, utilizing a recommender system to preserve electrical
energy as well as user’s comfort.

II. RELATED LITERATURE
Within the overall SH scenario, studies in the literature have
recommended several kinds of HEMS to reduce energy con-
sumption costs. This reduction can be achieved through a
new exclusive feature for control and by monitoring or even
making use of decision-making techniques solutions to assist
in optimizing power consumption.
Several studies have been carried out that adopt a single

approach to regulate an efficient measuring system required
for residential homes. Some of those studies are similar to
those discussed in this article, like [8] and [9] for example.
Outlined in [10] is a HEMS that is capable of handling house-
hold appliances and lighting (through the use of consumption
data collection). As examined in detail in [11] and [12], these
HEMS models can be used for monitoring and informing
users about the home energy usage rates through I) A mobile
application, II) The WEB storage system and III) Sensors
scattered around the houses.
Among the SH domain solutions already mentioned, some

are based on computational intelligence. In order to automati-
cally optimize the temperature and consequently save energy,
fuzzy logic was used combined with thermal sensors to adjust
the area temperature, and standards were established because
of the guidelines recommended by the residents [13]. In [14],
fuzzy logic is applied to decrease the energy requirements of
a home with regard to several specifications, such as outside
temperature, adjusted schedules, battery state- of- charge, and
a wide range of prices and preferences for uses of electricity.
Fuzzy logic can also be used in a context-responsive sce-

nario for recognition. Fuzzy logic in computational intelli-
gence is capable of operating with an approximately 95%
rate of accuracy and is slightly faster than other architectures,
as explained in [15].
Looking to control and optimize energy consumption,

other solutions of this kind are also used. A Bayesian Net-
work (BN) is adapted and used to control power supplies
designed for comfort in one of these solutions, as observed
in [16]. This structure will probably form a link between the

16808 VOLUME 9, 2021



74

+

S. H. M. S. Andrade et al.: Smart Home Architecture for Smart Energy Consumption in a Residence With Multiple Users

condition of the equipment and the environment of residential
homes.
An SG solution is established on cloud computing and

Web Services is put forward in [17], using IoT sensors
and devices with Artificial Intelligence (AI). In the study,
a LoRaWAN connection is established to control some of the
home appliances while sensors and actuators are used to mea-
sure environmental variables. The traffic data is collected and
stored in the cloud server, by determining the interoperability
measurement units and hence allowing the users access via
notebook or smartphone.
In [18], an architecture is designed based on the concept of

IoT to enhance remote access systems while simultaneously
a) monitoring and managing a user’s home and b) providing
a more comfortable and secure system. The users will be
granted access to the web or mobile applications that can
make use of cloud services, including heuristic systems for
SHs.
In [19], the author finds a solution for power consump-

tion management and optimization to improve the security
of the user’s home based on IoT. This solution includes a
relay module used to manage the device, security sensors
for smoke detection, and a central device (in communication
with the internet) and the communication between the user
and the device takes place through the Internet and mobile
applications for home management.
An intelligent home application based on the concept of

the IoT is also developed in [19], although the application
is deployed for remote access through the Internet or locally
without the need for Internet access. This solution can be
used for mobile devices that have access to a central host.
This application can be used to manage numerous home
appliances and control security.
A monitoring architecture was developed in [20] with the

purpose of energy saving in the residential environment,
using IoT and Machine Learning techniques. The physical
part of the monitoring system makes use of a non-invasive
current sensor connected to a Raspberry Pi 3 A , which
transmits information that is then stored in the Pi. The Pi
transmits this data (date, time, globally active and reactive
power, voltage, current, and active power readings from
3 different appliances) to the IoT middleware layer, where
the data is processed and stored on a cloud server. Finally,
the processed data is displayed in an application layer for
better visualization. Mean squared error (MSE) and R2 tests
were used, by which it was determined that the developed
LSTM (Long Short-Term Memory) model had an accuracy
of approximately 84%.
It is discussed in [21] the use and importance of IoT

communication in buildings and in universities, working
together with machine learning to conserve energy, moni-
toring through the use of temperature and CO2 sensors to
determine how many users are present in order to manage
the HVAC (heating, ventilation, and air conditioning). The
communication between the sensors and the database will
be done using both long range (LoRaWAN) and short-range

communications (ZigBee, Bluetooth, and RF communica-
tion) together with machine learning to try to predict, through
probability calculations using Markovian queuing theory,
how many people will be present, in which location and
what would be the ideal temperature, having their data sent
to a database for the interpretation and optimization of the
HVAC to be made. It was concluded that among the tested
IoT communications, LoRaWAN performed better with 60%
more covered area compared to short range communications,
also achieving 0% packet loss.
The aim of the paper in [22], is to evaluate the performance

of LPWA (Low – Power Wide Area) technology based on
a LoRaWAN solution for supporting SG applications, espe-
cially smart metering. It is based on a very simple wireless
infrastructure and on a hierarchical structure that is suitable
for many distributed measurements and IoT applications.
Since the network is based on a star topology, it can make
an interconnection between the end nodes and the base sta-
tions/gateways that collect and forward messages to and from
the Internet toward one or more Network Server(s). The
Application Server secures the user data sent to/received from
the end device.
In [23], there is a discussion of an electrical outlet formed

by the ATmega328 microcontroller and based on the ZigBee
Protocol, which has devices to establish wireless communica-
tion between sensors, sockets, and the web server. In addition,
it carries out the function of measuring voltage, together with
current and power consumption, and making this information
available to the consumer, who can monitor real- time power
consumption through devices with a web browser and inter-
vene by interrupting the electrical transmission to the plugs,
if necessary.
A framework is established in [24], that is capable of

determining single-user interactions in a multi-inhabitant SH
through the use of multiple sensors installed in different
parts of the house. This solution utilizes the Floyd-Warshall
algorithm to calculate the distance between the sensors and
the Sequential Importance Resampling (SIR) algorithm to
determine the actual number of inhabitants and their initial
location, based on the sensor’s response.
A mechanism was developed to identify the location of

users through infrared sensors in [25]. The project achieved
good results but failed to achieve one of its main objectives;
this was because it was impractical owing to the price and
number of sensors that had to be distributed throughout the
house, as they were unable to cover a large area.
Because of the cost and other problems arising from the

excessive use of sensors, it was decided that the best solution
was the use of intermediate communication and tracking
through a smartphone, which is the most widely used device
in the world and which most people carry around for almost
twenty-four hours a day.
A Hierarchical Dynamic Bayesian Network (HDBN)-

based model is used for activity recognition. This model
employs inter-and-intra individual correlations and con-
straints, at both micro-activity and macro activity levels,
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to recognize individual activities accurately. With the aid of
mobile applications, this project allows the users to make use
of their smartphones, along with the sensors, to determine
which part of the house they are currently located in and
whether they are together or not.

III. BACKGROUND
A. COMPUTATIONAL DECISION-MAKING TECHNIQUES
Specific biological system models are referred to as the
concept of Computational Intelligence (CI) and decision-
making techniques, which has a type of efficiency technique
in order to help users, allowing systems to perform smart
decision-making actions. The type of insight instigated by
computational decision-making represented has provided rise
to the following standards:
An interoperable model (this presumes that operated intel-

ligence such as neural networks arises from the dynamics
of connections between nodes and layers known as artificial
neurons).
Symbolic (consists of a set of rules and procedures and a

set of symbols to form structures, such as decision trees).
Fuzzy (this allows the classification of a specific com-

ponent associated with a particular class, that is, to assess
in case of the aspect belongs to a class of greater or lesser
significance, such as Fuzzy Logic).
Evolutionary computation (based on processes existing

in nature essence, which can develop, and have adaptable
management, self-organization, and genetic algorithms).
Because of these characteristics, they are validated for

use in functions that include monitoring, automation, man-
agement, and actuation, which are the key features that are
important for SG applications and SHs, a bigger importance
is laid on decision-making systems based on fuzzy in this
article. While also allowing fuzzy-based systems to provide
as possible options to systems which have the resources
explained in this article, some factors, such as agreeable
computational effort, include solutions that establish good
assistance for simplicity of rules and decision-making.
These fuzzy techniques can handle the complex variables

by sorting out and/or forecasting the outcomes to help in
the decision-making process, to notify residents about a pos-
sible increase in electricity consumption while also apply-
ing the optimal strategies for power consumption, based on
the parameterizing which occurs when a smart consumption
architecture is configured.
The fuzzy logic is one of the methods most often discussed

in the professional literature while working with an auto-
mated system, and it also provides the means to communicate
with the processes that are intrinsically similar to a com-
puter [26]. It entails separating constant numeric inputs into
various situations. These states, either distorted or overlap-
ping, are defined through the use of Membership Functions
(MF). The state of a variable does not change suddenly during
the overlapping procedures, but it slowly loses its value in

FIGURE 2. Fuzzy inference machine structure.

a membership function while restarting it in the following
instead.
In [6], [7], the fuzzy inference machine was implemented

for residential systems optics for energy management. This
method obtained good results and, therefore, was used in this
work to assist in the implementation of handover technology
and smart metering.
As shown in Figure 2, the structure of the fuzzy inference

machine has two input variables, which are the Consumer
Index and the Monthly Percentage. These will be the input for
the 26 fuzzy rules present in the inference machine that will
be output after defuzzification, the Forecasting Consumption
variable that will allow the inference of the user’s consump-
tion forecast.
The structure will then be able to use, in fuzzy logic, all

the fuzzy sets of the response parameters. Such a conclu-
sion is because of a set of Fuzzy rules that were previously
defined and are viewed from the standpoint of a professional,
as shown in the chart below.
For instance, Figure 2 shows how the input value for the

Power Consumption Indicator can be converted into a deriva-
tive set with no values for Average Energy Consumption
(A.E.C) andAbove Average EnergyConsumption (A.A.E.C),
A.A.E.C having escalating levels such as 20% A.A.E.C, 40%
A.A.E.C, 60% A.A.E.C, 80% A.A.E.C and 100% A.A.E.C.
These will receive a grade of 1 for A.E.C and>1 if it is inside
the A.A.E.C consumption range.
The framework is established by integrating all the val-

ues that are entered. The structure sets regulations within a
specific situation. For instance, if the Power Consumption
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Indicator has a combination of 1 "A.E.C." and "20%
A.A.E.C." >1, all the rules, including "A.E.C." or "20%
A.A.E.C.", will be checked. These rules will result in fuzzy
output values that are then assembled in order to create a
fuzzy set for each resulting variable, with the weighting factor
normally varying between 0 indicating no result and 1 indi-
cating the maximum result. Ultimately, the fuzzy set acquired
is used to calculate the outcome of the output variable in the
defuzzification phase.
When determining the optimization goal for energy con-

sumption, the Indicator of Comfort (IC) is calculated from
the results of the fuzzy logic.
When establishing the standard for the comfort zone with

regard to household appliances and the level of human com-
fort, the formula for the Indicator of Comfort (IC) was
expressed as follows:

IC = (EUH / NOH)⇤WD (1)

where EUH is equipment usage hours, NOH is the number
of hours while at home and WD is the number of days in a
week.
Hereafter, the implementation assumes one of the follow-

ing approaches:
(a) Balancing supply and demand in Reducing the excess

of Energy Consumption (Profile 1): Excessive con-
sumption is offset by the amount available for other
appliances based on the value of the total consump-
tion of each appliance. This new rate of consumption
amount is calculated employing the following formula:

ECP = (KEC ⇤ 100) / HEC (2)
CRP = (EC ⇤ ECP) / 100 (3)
NEC = (KEC – CRP) (4)

where in Formula 2, the ECP (Equipment Consumption
Percentage) is the percentage of consumption equip-
ment that is given with regard to a) potential energy;
b) KEC (KWh Equipment Consumption), the con-
sumption of the given equipment in KWh; c) HEC
(House Equipment Consumption), the value in KWh
of the total energy consumption of the residence.
In Formula 3, the CRP (Consumption Reduce
Percentage) represents the percentage by which a
given appliance will reduce its exceeded consumption;
EC (Equipment Consumption), consumption exceeded
from the average consumption.
And finally, in Formula 4, NEC (New Equipment
Consumption) will be the new consumption assigned
to each appliance, in order to reestablish the energy
balance.

(b) Reducing the excess of electricity consumption based
on a Priority Sequence (Profile 2): An energy con-
sumption limit set for the most widely used appliances
is going to be kept and the excessive consumption is
reduced from the least often used appliances to main-
tain the estimated consumption limit.

(c) Energy management on demand (Profile 3): The user
will have complete autonomy to choose which appli-
ance should have its consumption reduced to maintain
the estimated consumption limit.

It is possible to assist the end consumer if they exceed their
daily average rate of energy consumption while looking for
a way to preserve user service and all the essential amenities
in order to guarantee a lower impact from the usage of appli-
ances. With that in mind, the plans explained above take into
consideration the extent to which the comfort that each piece
of equipment in a household offers to each user. This paper
will use the first approach as a reference point.

B. HANDOVER
Apart from identifying the total energy consumption in an
SH, one of the main objectives of this architecture is also to
share this information with all the users through the use of a
mobile application, by giving them an individual electricity
consumption limit for each appliance which could be shared
if two or more people are in the same room.
It was decided that the best solution was the use of inter-

mediate communication and tracking through a smartphone,
which is the most widely used device in the world and which
most people carry around for almost twenty-four hours a day.
With this idea in mind, a system was devised that resembles
handover.
Essentially, handover is a process of exchanging access

points (AP) based on signal quality identification. For exam-
ple, if there are two APs, and the signal a smartphone is
currently connected to is weak, the handover tends to switch
from that AP to the one with the best signal. Handover is
essential not only for comfort but also for applications that
use real-time data exchange, for example, phone calls like
these require a quick data exchange, and when on the move,
a manual exchange is impracticable.
The handover technology is of great importance to this

project, as it enables multiple users to be identified in real
time, together with a description of where this person is,
what appliance is currently in use, and how much energy that
person is consuming, regardless of the location.
A micro network can be created at the user’s home that

consists of Arduino microcontrollers, together with the ESP
8266 that will simulate an access point (AP). This microcon-
troller will be used to identify particular rooms in the house
by Received Signal Strength Indication (RSSI)and determine
how many users are in those rooms and who exactly they
are. This search will be carried out by mapping the signal
strength, and this signal will be restricted to the area of each
room through a microcontroller that will be positioned in the
center of the room.
This mapping will be done in each room at a time, with the

help of a small tutorial that will require the user to stand
(a) Under the microcontroller.
(b) In the corners of each room.
(c) Between the microcontroller and the exit door of the

room.
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(d) And finally, by the exit doors, in order to provide each
room dBm limits to the HEMS.

The information will be sent to a database along with the
identification of the user, by using the MAC address of the
smartphone, together with the information about each part
of the residence, such as the bedrooms and suite bathrooms,
so that consumption can be shared more easily.
The way the handover process works in this project is as

follows:
(a) In each room of the house at a central point (or close to

it), there will be a microcontroller that will be an AP.
(b) Each environment that has an AP based on the micro-

controller, will be mapped by the dBm (RSSI) levels
present at its ends through the software developed for
android devices. This mapping will be done by the user,
simply and intuitively.

(c) The smartphone that belongs to a given user, present in
a given environment, will send a Wi-Fi scan that will
enable to connect to the nearest and with the strongest
microcontroller AP signal, which in this case, will be
the one located in the environment in which the mobile
device is found. Thus, if a mobile device is connected
to an AP and it is within the dBm limits pre-established
for that environment, the HEMS system will indicate
that the user is located in that specific environment.

(d) When the user moves to another room, the dBm signal
from the AP of the previous room that the User was
connected to tends to weaken. With this, the software
will make the analysis identifying that the user is out-
side the pre-established RSSI limits for that particular
environment, thus causing his disconnection from the
old AP, and the realization of a new Wi-Fi scan in
search of an AP with the stronger signal, consequently
implying handover between APs. Therefore, the system
will identify the user’s new location.

The natural barriers of a building, such as a masonry, plas-
terboard, and others, which promote the division of rooms in a
residence, end up helping in the indoor positioning of the User
through RSSI and in the handover of AP, since the intensity
of theWi-Fi signal within an analyzed environment it is much
stronger than when analyzing the same when leaving the
environment. This phenomenon is depicted in Figure 3 occurs
due to the attenuation of the Wi-Fi signal promoted by these
natural barriers of the building, which cause a decrease of
around 10 dBm.
Thus, the moment the user leaves the environment in which

he is connected to the AP, the attenuation of the signal makes
the HEMS system clearly realize that due to its low connec-
tion intensity with that particular AP, the user is no longer
inside the room.
Therefore, this implementation denotes have a differential

compared to other projects using sensors [24], [25], [27], [28],
or even using only the MAC Address, when analyzed in the
user identification part with little change in the environment,
since having a homogeneous distribution of the Wi-Fi signal
in homes is already desired today, as well as the number

FIGURE 3. RSSI signal attenuation exemplification due to the natural
barriers of a building.

of antennas (AP) throughout the residence, has also grown.
Therefore, facilitating the inclusion of APs based on micro-
controllers, such as network expanders and user identifiers.

C. INTERNET OF THINGS
Internet of Things is a network of appliances and devices,
which detect and share information about the physical world
in real time, they can be objects, buildings, machines, vehi-
cles, and other physical systems with built-in computing,
communication, and sensory resources [29].
In order to give the end users access to all devices con-

nected at home, IoT solutions are used for home control,
which includes communication and information technologies
and may also involve the remote control of appliances in real
time, as well as information sharing.
Since it is divided into layers that represent the operation

and management architecture, the IoT can connect elements
from the real world and include others in the communication
system that can intelligently process its detailed informa-
tion and autonomous decisions [30]. These layers can be
described as collectors, actuators, and sensors in the lower
layer, supported by the network layer, which has an essential
role for transmission and security of the data provided to the
upper layer, that are responsible for creating smart strategies
linked to rules and business applications. The Middleware
Layer has been designed to provide management services to
the lower layers and data storage.
In addition, there are great volumes of data that could be

collected from various segments such as SOs and handover,
which will provide consumption data and user location. It is
necessary to combine the IoT with cloud services in order
to be able to analyze and process data, providing useful
information for the final users.
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A widely used technology in the IoT scenario is the
cloud computing service, which, in addition to providing
shared storage, resources, information, and software, pro-
vides remote access for all the appliances connected in the
network [31].
The main goal of this paper is to develop an architecture

that can assist the user in making decisions about their con-
sumption through a mobile application in which, together
with IoT technology, the appliances that are consuming elec-
tricity and how much is being consumed can be identified
through the implementation of SOs.
It is also possible to identify multiple users by imple-

menting a system with handover characteristics. Having these
data stored in the cloud, the user can have this information
available on the web and also through the application itself,
being able to observe in real time his/her energy consumption
and rebalance it when necessary.
To make sure that the system can work properly and that

any user, with or without prior knowledge, can understand
how to use it, it is necessary to
(a) Download and register the user account in the mobile

application.
(b) Map the limits of each room in the house based on

physical limits such as walls and doors, so that the
energy study and indoor location can be done.

(c) Define their monthly electricity consumption limit,
in order to establish the maximum consumption that the
house can have.

If this limit is exceeded, the user will be notified by the
mobile application through a pop-up notification and will
be offered to choose one of the three profiles previously
mentioned to rebalance their energy consumption.
IV. THE PLANNED ARCHITECTURE
This architecture sets out an innovative model based on IoT
services of interoperability for SHs. This can be achieved
by defining a middleware procedure based on REST API
(Representational State Transfer), which integrates company
monitoring systems with the measurement techniques avail-
able to the consumers.

The architecture also allows the control of alternative
sources of energy (distributed generation) and the automation
of home appliances through smart devices and controlling the
rate of message consumption, for example by setting out rules
for scheduling daily activities, as well as the administration
of the real time energy consumption of household appliances.
The goal of the architecture is to maintain the underly-

ing principles for the development of SH interoperability
applications in a dependable, sectional, adaptable, scalable,
and accessible way since these are solutions that are widely
used in SH domains. It also lays down the requirements
for providing cloud management services and is carried out
generically to ensure other effective solutions could be found
in the future. The planned architecture characteristics are:
(a) Dependable: This architecture integrates a method for

both the verification and safety of data at the applica-
tion layer of the network.

(b) Sectional: As this is an open architecture, the func-
tionalities discussed in this project are not applicable.
If the communication protocol is maintained, it will
be possible to extend other management modules (for
example, lighting management).

(c) Adaptable: Implementations can be made in specifi-
cations other than those listed in this project (paper).
It should be noted though, that the solutions described
in this paper are mostly those discussed in the published
literature.

(d) Scalable: This allows new modules to be included,
while also extending the network management.

(e) Accessible: Providing that there are prior permission
and Internet access, there is no restriction of access
that prevents users from controlling their monitored
appliances, regardless of their location.

In addition to tackling the problem of how consumers
should be responsible for home management, this archi-
tecture also designs middleware that is loosely associated
with publishing/subscription capabilities (IoT services). This
serves utility purposes and allows communication between
systems through an exchange of messages, as well as result-
ing in different solutions that can assist interoperability at
various categories of the middleware client. This means that
the system can improve scalability without being restricted to
a specific solution.
The architecture set out in this paper permits the use

of heuristics based on computational decision-making tech-
niques together with the adoption of smart management ser-
vices. As a result, the evaluation of the variables obtained
from the instrumentation and extraction standards can assist
in characterizing the consumption of each consumer, and
eventually be applied to the optimized model designed for
efficient measurement. Therefore, this architecture is not
restricted to extract and study basic patterns of energy con-
sumption for each monitored user but also be extended to
acting as a communication channel between varied elements
of data traffic.
Figure 4 represents the structured model that supports the

structured model that supports the architecture set out in this
paper. Each layer represents a specific role that includes the
operational features of the architecture which can be adjusted
to improve adaptability and scalability. Also, Figure 4 illus-
trates many of the essential components that are required
for the implementation and interoperability of the proposed
architecture.
The measurement node proposed, as a new version of the

old one present in [7], has the function of checking the data of
electronic equipment through voltage and current sensors to
obtain consumption data, as well as extracting other data such
for example, in the precise identification of which electronic
equipment is actually connected to that outlet using NFC
technology.
Each SO, as well as each connector of electronic equip-

ment, will have an NFC microchip. On the electronics side,
through the software developed for android, the user will be
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FIGURE 4. Proposed architecture components diagram.

able to insert the electronics data as brand and model in the
present NFC tag.
On the NFC side present in the SO, it will receive the

precise data (brand and model) of each device that will be
connected to it and, together with the voltage and current data,
they will be transferred via LoRaWAN protocol, which is also
another evolution of the SmartCom [7], for the central unit.
Another evolution present in the work was the tracking

node that also communicates with the central unit, which will
have the main function of identifying as well as locating the
user within his/her residence, by indoor handover methods
that will take into account the signal strength RSSI in relation
to the APs.
The interoperability of all the components in this architec-

ture, whether consisting of hardware or software, is of great
importance to ensure they are following accessible require-
ments that might need to be adjusted to the exact features of
a particular scenario or external and internal communication
interfaces as well as this, the communication protocols must
be compatible with the REST API. It is owing to the interop-
erability of the hardware and software components, as well as
the adoption of open standards, that these can be customized
to suit the needs of the user or manufacturer.

A. MEASUREMENT AND TRACKING NODES AND
CENTRAL UNIT LAYERS
Elements with communication interfaces are provided for
the central unit, measurement, and tracking nodes to oper-
ate the communication functions specified in the architec-
ture. An attempt is made to maintain the integrity of the
system by creating a transmission channel for the features
of measurement, to prevent any loss of data. LoRaWAN
is a wireless network protocol (IEEE 802.11ah) for low
frequency networks and sensors and is generally utilized
to create a network platform for home security, indus-
trial, and IoT applications. Moreover, if there is a bottle-
neck in the network, this protocol will be used as internal
communication.

There is a separation between networks where
(a) For end users, there is an alignment with open standards

(such as Ethernet and Wi-Fi) already recommended by
the SG through which they can make use of to request
utility services.

(b) For the power companies, a network that efficiently
manages the requested service by adhering to a closed
standard is used, that is less likely to be vulnerable, such
as PLC or 4G.

The external communication interface helps users to han-
dle the data and the external environment in the central unit.
To ensure the network access technologies are transparent

they need to be subjected to inspection applications. The
key feature when providing access to data in heterogeneous
domains is communication, which entails establishing real-
time access for users no matter where they are and a deter-
mining factor in making this architecture work.
This is defined as the ‘‘main administration" or ‘‘aspects of

administration’’. These include data, adapters, connections,
contexts, security and rules, all of which require the use of
the architecture to function properly.
Several connections of the measurement nodes and the

tracking nodes are installed on the consumer side, and the
connection administration is used to manage the communica-
tion between the central unit and these nodes. This involves
the inclusion of adapter management, which permits commu-
nication between the middleware types, as the communica-
tion interfaces must be installed via Web Service. In addition,
since connection management is a means of restricting traffic,
supervisory messages can be prioritized as needed, given an
urgent request from the utility’s monitoring system.
For managing environment variables in the architecture

and communication ports, the responsibility is at the context
management, including message priority classes for control,
encryption rules, and so forth. However, an identification of
each device monitored by a measurement node is needed for
a more effective and transparent means of control.
Each device in the architecture requires an identification

protocol and its category (if necessary) so that it can be acti-
vated by the surveillance system. Defining rules and strate-
gies for optimizing the consumers’ energy when developing
the identification field is severely important and provides a
clear view of consumption patterns.
Fuzzy logic is a decision-making technique required in this

paper to be an accountable implementation for developing
optimization rules that can be applied to smart appliances or
extracting consumption patterns.
As real-time location systems (RTLS) provide information

that is private to the resident, not only because of the location
but also because of the MAC that is required for user verifica-
tion, this information will not be sent to a possible communi-
cation center with the energy retainer. However, the function
of the REST API will be to make the databases ‘‘talk to
each other’’ so that the fuzzy logic can work correctly and
obtain the information from the measurement and tracking
node. This will result in consumption profiles that have better
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control of the stipulated limit defined by the end user, (which
will be discussed later).
The data management enables the measurement and track-

ing devices to be handled and stored, together with the
environment variables and data, (whether they are local or
remote), and these are obtained from remote databases in
the cloud. In the future, store rules will be enforced that are
based on metaheuristics (i.e., the management rules). Both
supervisors and consumers must be present in this layer.
The security administration system will be responsible

for creating security standards for transactions, certification,
access, adversity in recovery, and encryption, which can
be applied to services implemented on the platform from
an application perspective. Since this design provides the
use of web services established on REST API, the secure
utilization of frameworks is highly recommended, such as
the OAuth2 framework, to ensure that the information and
access provided are safe and reliable. Also, issues such as
communication networks between supplier companies and
end users or external issues are not addressed to this layer.
However, this research study assumes that the network and
the utility have met the security requirements. The specialist
literature has revealed numerous ways to implement commu-
nication networks for this purpose, as described in [5], for
example.
The middleware layer can be used to switch to renewable

energy sources for energy regulation or send control mes-
sages such as how to turn the appliances off remotely and
offer a view of all the components. It is also used to show
how each user’s internal and external environment can be
used to store variables. Additionally, it is in charge of creating
interaction with cloud and web services.
As it uses its tools without interfaces to be integrated with

other new applications more easily, it is a separate module and
is under the supervision of the utility. Nevertheless, customers
and supervisors can rely on REST API to perform manage-
ment tasks at this layer.
The measurement node designates the main layer that is

needed to capture all the measurement readings and acquire
data from monitored devices. As well as this, it is responsi-
ble for handling actuation and control messages, as well as
collating the data sent to and from the network.

B. LOCAL AND CLOUD APPLICATIONS LAYERS
A mechanism is provided by the local and web applica-
tion layers to check and control components belonging to
the architecture. These applications must work successfully
regardless of the platform and be compatible with the REST
API services.
The cloud layer provides a method of displaying infor-

mation in any device in communication with the Internet,
and thus centralizes services which are essential for remote
access and monitoring the connected elements. This layer is
responsible for the data transferred by the central unit storing
all the data of the tracking and measurement nodes and which
database service will manage these data. It also provides a

FIGURE 5. Measurement node prototype.

management application for monitored appliances and acts
as an intermediary for remote management requests.
This layer also provides an efficient method of classifica-

tion based on energy consumption and management, anal-
ysis, and optimization rules that can be established for the
instrumentation of each user. That is done by specifyingmeta-
heuristic services (through computational decision- making
techniques).
Local and remote applications can use REST API requests

to manage monitored devices and establish full control of the
available services that are based on access profiles.

V. IMPLEMENTATION
Measurement and tracking hardware are created for the val-
idation of the architecture, as well as its software that will
enable, automate, and control the residence.

A. HARDWARE
Based on the features discussed earlier, the central node
components must be adept to manage and monitor the
measurement nodes and also provide the installation of the
applications or other functions (both the middleware and
additional software created with the objective to store the
data), while at the same time meet the demand of the
customer.
After collecting data from the sensors, the measurement

node then transmits it via LoRaWAN to the central node.
It not only collects information but also disrupts household
appliances (power on / off). In this scenario, each outlet will
be fitted with a measurement node that can read each device
connected to the electrical network for better measurement
efficiency.
As well as storing information such as current, voltage,

user’s electrical energy consumption, data, and usage time,
the central node also performs a crucial role in monitoring and
controlling any connected electrical devices. All the informa-
tion is encapsulated and sent via LoRaWAN communication
and forwarded to a central unit.
The measurement node that is recommended identifies

the type of appliance connected to it, through the NFC tag on
the device plug is depicted in Figure 5. The tag is read by the
NFC reader that can be found in the SO, and the information
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FIGURE 6. Communication scheme of the smart outlet.

about the type of electrical equipment is conveyed to the
ATmega328 microcontroller.
The registration of NFC tags is done through the applica-

tion, having the ID and information of the appliances saved
in the database, so that when the SO is used, it is identi-
fied which appliances are consuming electricity. This also
receives the voltage and current data collected by the sensors
and processes this data based on a timeframe to calculate
energy consumption. Figure 6 shows the communication
scheme of the measurement node.
In the case of real-time tracking, the process of sending

information is similar to that of the measurement node and
this technology sends information to the middleware. The
nature of the information comprises where the user is and
the dBm (signal strength) of where she/he is located.
As illustrated in Figure 7, the physical structure of the

handover consists of an ESP8266 and an Arduino microcon-
troller, which will be positioned in the center of each room in
the house in order to distribute the signal evenly to all ends.
As mentioned earlier in section 3, this hardware will aim to
promote the acquisition of the RSSI signal in decibels, as well
as being also responsible for the user’s interconnection to
the internet as a common Access Point. The user will leave
a fingerprint, which is essential to accurately indicate the
location where the user is, thus capturing the signal strength
information according to the distance.

B. SOFTWARE
As ameans of finding an SH solution for energy management,
this paper seeks to enable interoperability to occur between
customer metering, real time tracking, and other management
applications. Hence, a system must be implemented with a
layer based on the REST API that accepts interoperability
between these features. Overall, these applications should be
compatible with the Web Service technology chosen for this
architecture.

FIGURE 7. Prototype of a tracking node.

FIGURE 8. Diagram depicting the web service layer (middleware)
components.

In Figure 8, the interoperability between the measurement
and tracking node is demonstrated. This interoperability will
be done through the database and the middleware in which
the database will send the information received by the nodes
so that the middleware can then process it and send it to the
application and web service.
This system includes features of the above-mentioned

technologies, like the SO and handover, and uses REST as
middleware.
Together with residential metering equipment, the interface

of this middleware can connect applications for final users
and utilities. Furthermore, highlighting numerous control and
management actions is made possible by using these middle-
ware features, such as, the necessity to access the measure-
ment information recorded in a database by the central node
and set parameters for the transmission of this information to
the management structure of the power utilities.
Nevertheless, depending on the type of user, some func-

tions will be restricted to ensure the safety of the residents,
the utilities are not permitted to turn off any electrical device
which is controlled by the system, for example. This is exclu-
sively for the use of the residents, and users of the MAC
Address. Moreover, their location in the house is only visible
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FIGURE 9. An overall pyramid scheme for users.

to the residents. Instead, the energy supply of the utility can
be interrupted manually.
A procedure has been developed that is based on the fuzzy

logic system regarding applying a meta-heuristic for valida-
tion. The system may notify the customer of the necessity to
lower the energy consumption based on the input variables
(consumption indicator and rates) after which, the informa-
tion handling will be conducted in order to guarantee power
savings.
This implementation is necessary before the consump-

tion plan of each user can be defined since it relies on
the information collected from the measurement node and
the tracking node. Besides, the fuzzy logic must calculate the
consumption and produce results that can help each user,
regardless of the device and where he/she is located in the
residence.
The individual rate of consumption will be measured for

each individual. In Figure 9, the pyramids are formed utilizing
fuzzy logic and represent the most and least used appliance of
each user, the most often used being on the top and the least
used on the bottom.
The user pyramid schemes will serve as the basis for opti-

mizing the consumption defined in the profiles, as the ques-
tion of if each appliance can have its consumption reduced or
not, depends on whether it is at the top or the bottom of this
pyramid. This optimization will be discussed later.
User pyramids will result in an overall pyramid represented

in Figure 9 as ‘‘Combined Consumption’’ that also lists all the
appliances used in the house and provides information about
which consume the most or least amount of energy. This
information from the overall pyramid will be made available
to the energy utilities, as it has information on the general
consumption of the house.
The pyramid data is extremely important to be able to

rebalance the user’s consumption when it is necessary to
use the profiles because a poor definition of the priority
of the appliances can directly impact the user’s comfort by
rebalancing inefficiently.

FIGURE 10. Above – Average Energy Consumption Indicator in FuzzyLogic.

FIGURE 11. Monthly percentage input from a Fuzzy Logic perspective.

FIGURE 12. Exceeding consumption percentage.

The pyramids of the users will result in a general pyramid
that defines the most widely used appliances in the house.
The information about the general customer that will be
made available to the energy utilities, will be taken from this
pyramid, which is shown as a residence.
It is also made clear that when two or more people share

an appliance in the same room, the consumption will be
divided between them for better comfort, distribution, and
consumption optimization.
The Power Consumption Indicator (PCI) is calculated

based on the information provided by the automated housing
system. This information includes: Use up to the current day
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FIGURE 13. Decision-making system flowchart [7].

(CC), current day of the month (MD), historical consumption
average (HCA), and the number of days in the current month
(CMD). Based on this data, the indicator will be calculated
by (5):

PCI = CC / (MD (HCA / CMD)) (5)

From the ‘‘Indicator of Comfort’’ formula (specified in the
background section of this paper), it is possible to acquire the
values for PCI. They are divided by scales, where PCI 1
suggests that the consumption is inside the typical range. It is
shown in Figure 10 that when PCI > 1, it is separated into
scales ranging from 20% to 100%.
Similarly, in Figure 11, the input variable ‘‘Monthly

Percentage’’ is divided into 5 pre-established periods.
The output variable "Excess consumption" may undertake

six potential states from the starting point of the graph after
the Fuzzy machine has been completed, meaning that the
consumption falls inside the average array. If this is within
a range from 20% to 100%, it indicates that the amount
consumed has been surpassed, as it is shown in Figure 12.
Additionally, when the Fuzzy inference system sends the

final result, the occupant will then be instructed by a notifi-
cation on her/his mobile application. The alert will show all
the devices that have exceeded the expected consumption rate
and the user can follow steps to provide an optimized usage
plan.
This system output completely depends on the "Index" and

"% per month" input variables. The output is also changed
when the input values change.
The configuration management system can make decisions

with greater precision based on data, to ensure that the users
can be informed of the current rate of electricity usage by
checking the consumption of electronic devices.

Also, based on the excessive consumption shown by the
unclear system, the factors which result in increased energy
usage may be included from the information observed for
every device. This means that the users can decide based
on the defined strategies of the profile, which elements
to disable, or how to reduce their use. Figure 13 illus-
trates a flowchart used for explaining the stages of the
decision-making system.

VI. DEMONSTRATION AND RESULTS
The operating process of the new architecture is demonstrated
in the flowchart format in Figure 14, being possible to verify
the necessary steps for the correct functioning of the system
through the APs, handover system and SO, to provide smart
energy management for the user.
The interoperability between the handover and the SO will

identify which room the user is in and what is being consumed
by him/her, determining the identification and the precise
location so that their consumption is optimized in the best
way.
In Figure 15, the system illustrates the user identification

process and data acquisition from the system SO. This data
will be acquired and sent to a server to be processed and
later sent to the middleware, showing the information already
processed in the application and the Web Service.
Additionally, with the interoperability information, two

systems have been designed for the architecture in different
domains, one being a system for mobile devices while the
other is a system for WEB applications. The objective of
both systems was to show the viability and justification of
the planned architecture.
The two designed system prototypes require monitor-

ing and administration utility that are consistent with the
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FIGURE 14. Diagram of the proposed new architecture.

FIGURE 15. Tracking node and measurement node interoperability.

ones of the proposed architecture. These are not limited to
the users’ access platform or the established types and the
access limitations are established in the validation scheme.
Figure 16 shows consumption in real time, giving the user the
possibility to view the energy consumption of each device in
their environment via the web interface.
Figure 17 displays the two screens of the mobile service,

which include the initial screen and the ‘main menu’ screen
with the ‘general options’.
The first screen requires user registration or log in to access

the application and web services. The user registration will
not only serve to register the user in the system but also in case
there is a problem that causes the user to change smartphone
(for example technical problems or the loss of the device).
Therefore, the user can log in with his registered account

normally on another smartphone and can continue using it.

FIGURE 16. The monitoring system – WEB case study.

The second screen contains the application’s general
options as well as some information about the user’s current
location, current dBm, and MAC Address. This information
is provided by the user tracking system. The mapping will
be done to establish the signal strength inside each room and
the software will determine the room the user is currently
in, based on the signal identification and taking into account
the limitations of each room defined by the mapping done
previously.
The section for registering an NFC tag information is

available within the user and room settings menu, and
the information will be sent to the cloud database after
registration.
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FIGURE 17. Mobile application login screen and menu screen.

FIGURE 18. Smart outlet test using a fan.

Other results can be obtained by manipulating the collected
set, in addition, to be able to view the information through the
designed solutions, starting with the data locally stored (but
only the month of measurement in the central unit) or data
stored externally.
Tests were carried out to check the accuracy of the mea-

surement node. As illustrated in Figure 18, a fan is connected
to the SO.
As shown in Figures 19 and 20, it is possible to verify

the voltage and current values information taken from the
database in real time, as well as the appliance that is currently
being used. In Figure 19, the current graph is represented by
a continuous line because in the scale presented, its variation
is always within the 0.6 ampere range, thus the current oscil-

FIGURE 19. Fan voltage and current obtained through the smart outlet.

FIGURE 20. Database containing the information obtained from tests
using the fan.

FIGURE 21. Graph to visualize Consumption (kWh).

lation is imperceptible in the graph. The data in Figure 19 are
shown in Figure 20, which are stored in a database with the
time, date, and power recorded from the fan test.
Figure 21 shows the consumption data of the appliances,

which are extracted from the measurement node, using the
NFC to identify which appliance was used and its consump-
tion extracted by the electric current and voltage sensors.
In order to represent the potential for energy consump-

tion optimization, surveys and measurements have been con-
ducted to test the SG, involving the collection of entered data
necessary for the authentication of the results.
Based on the information gathered and displayed

in Figure 22, a smart approach has been employed to assess
the possible results for energy use optimization.
After profile 1 was successfully applied, it is noticeable a

decrease in the energy consumption of each appliance in pro-
portion to its overall consumption, until the excessive amount
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FIGURE 22. Users energy consumption average rate.

FIGURE 23. The balance of appliances energy usage based on overall
consumption.

of power consumption was reduced based on a 171 KWh
limit.
In Figure 23 this can be observed in the fan for example,

which had its limit reduced from 28 KWh to 18,1 KWh. Pre-
viously, the shower’s consumption amount limit was 15 KWh
but following the implementation of regulatory measures for
consumption, this amount has been reduced to 9.7 KWh, and
the rates of every other appliance have also been reduced.
Even though the consumption of the refrigerator is being

shown in the image, it will not get reduced as it is essential for
the user in their daily lives. Therefore, it is necessary to con-
tinue its constant use since the user keeps this equipment on
every day of the week. As a result, its operation regime is not
analyzed, that is, the next day it will continue with the same
consumption even if there is excessive use of electricity and
the user utilizes the profile to perform the energy rebalancing.
The refrigerator, being the most essential appliance for the
user, in this case, will continue with its regular consumption
regardless of the scenario.
This is the objective of Profile 1, which makes a propor-

tional reduction of each one and manages to balance the
consumption rates of all the appliances to ensure the end user
is provided with a suitable degree of comfort.
The system’s main goal is to establish the viability of the

designed architecture, as well as encourage its endorsement.
Figure 24 illustrates the monthly consumption, based on the
data collected through the use of SOs, as well as the results for
the estimated energy consumption after Profile 1 was applied.

FIGURE 24. Statistics and energy consumption data screens.

FIGURE 25. Identification of multiple users in the same environment.

It can also be seen in the image to the left of Figure 24
when consumption is exceeded its pre-established
value (171KWh). In the image on the right, it can be seen how
energy consumption can be reduced since its pre-established
consumption for the day is above the standards and needs to
be compensated the next day.
It is demonstrated in Figure 25 that when two or more users

are in the same room, both are identified and located by the
handover system. Using the RSSI fingerprint, it verifies that
the two are inserted within the pre-established dBm limits for
the living room, with user 1 being identified at —25 dBm from
AP2 and user 2 being identified at —19 dBm from AP2.
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FIGURE 26. Sum of the two user’s appliance limit consumptions.

FIGURE 27. System identifying the movement of a user to another room.

Figure 26 shows the estimated time to reach the limit for
consumption of television, video games, and air conditioning
for the two users who are separated. It is noticed that user
1 has less time to use the television and the video game than
user 2, so user 1 joins user 2 who is present in the living
room. This results in the possibility that users can use these
appliances together, thus reducing energy consumption and
increasing each user’s usage time.
This strategy can be used so that instead of the user hav-

ing to stop using the appliance, his/her consumption can be
reduced by dividing proportionately with more people who
are also using the same appliances in the same room.
It is demonstrated in Figure 27 that after 2 hours in the

same room, it is identified through the RSSI fingerprint that
user 1 is no longer in the living room, as his / her dBm value
is 176 dBm in relation to the AP2 and is no longer within
the pre- established limits to that room. The system then
identifies that user 1 is now located in Bedroom 1, as his dBm
value for the AP1 is 22 dBm, being within the defined limit.
User 2 is still within the limits defined for the living room, not
occurring the handover process.
Figure 28 shows the result of the proportional division

between users when they are in the same room. To explain this
division using the videogame as an example, user 1 and user
2 have their defined limit hours summed up, with the total of
this sum being 8 hours. User 1 contributes 25% (2 hours) of
this sum, while user 2 contributes 75% (6 hours).

FIGURE 28. Remaining consumption hours for each user after two hours.

User 1 and user 2 used the same video game for two
hours simultaneously, resulting in a reduction of 2 hours from
8 hours, which would be the sum of the limits of the two users.
Therefore, after these 2 hours, it is identified through RSSI
that user 1 is no longer within the mapped limits of the living
room (AP2) as shown in Figure 27, occurring the proportional
division of the remaining 6 hours.
This division will take into account the initial contribution

of each user, so from these 6 hours user 1 will be entitled to
25% (1 hour and 30 minutes) and user 2 will be entitled to
75% (4 hours and 30 minutes) of the remaining total.

VII. CONCLUSION
This project has the purpose to develop an innovative solu-
tion for an SH environment regarding the concepts of
decision-making techniques, IoT, device design, measure-
ments, interoperability, and easy -to -use applications.
This architecture implementation has led to the following:

a hardware solution with the objective to identify the user
location and what appliance is she/he using and how much is
she/he consuming, with an interoperable middleware solution
which provides solutions to help the consumer to optimize
her/his consumption. The architecture also includes several
technological requirements, for example a high degree of
flexibility and reuse, service transparency, availability of
information, and modularity.
In this paper, the focus of key aspects of the SH domain is

the designed architecture. Its specific features and functions
are not only suitable for monitoring and control contexts
but also offer an interface for control through monitoring
systems based on traditional solutions derived from the tool.
Nevertheless, this alone does not mean that the end-user
cannot find the solutions needed to control and monitor the
home.
When applying the architecture, it should be stressed that

the tracking of the consumption habits of different users
connected and actively monitor this is made possible using
a mobile or web application. Moreover, it is noteworthy that
the data generated by the architecture will allow for effective
mechanisms to be designed which constitute an effective
method of applying government policies that can assist in
reducing energy consumption. Using efficient computational
techniques to produce statistical data that can help reduce
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electricity waste, the system can also provide benefits to the
environment.
In addition, several benefits are provided for an SG sit-

uation, in particular for SHs, through the adoption of this
architecture. The benefits are as follows
(a) An intuitive user interface for mobile applications to

control and monitor the devices and rate of consump-
tion of each appliance of the end-user.

(b) An ability to predict the final amount of energy
consumption by using an smart module.

(c) A Design and control consumption system for both the
customer and the power companies.

(d) A tracking system for residential homes with multiple
residents to improve the management of electricity con-
sumption.

(e) The development of a low-cost open standard solution
for transmission and metering devices.

Every software component and device used in this project
is interoperable and scalable and they have all been open
standards-based, a key element being their low price. Such
factors can allow the proposed architecture to be used in com-
mercial areas on a large scale. Additionally, the architecture
has already been successfully employed in real- world situ-
ations and is thus suitable for use and managed to rebalance
residential energy consumption 87.3% of the time it was used.
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3 CONCLUSÃO E PESQUISAS FUTURAS

Esta tese teve como objetivo desenvolver uma solução inovadora para um ambiente

smart homes, no que diz respeito aos conceitos de técnicas de tomada de decisão, IoT, design

de dispositivos, medições, interoperabilidade e aplicativos fáceis de utilizar, além da

utilização de dispositivos de baixo custo, o que possibilita o desenvolvimento de pesquisas e

soluções desde o nível da graduação até pós-graduação.

A implementação desta arquitetura resultou em: uma solução de hardware com o

objetivo de identificar a localização do usuário e qual aparelho elétrico ele está usando e o

quanto está consumindo de energia, com uma solução de middleware Inter operável que

fornece soluções para ajudar o consumidor a otimizar seu consumo energético. A arquitetura

também incluiu vários requisitos tecnológicos, por exemplo, um alto grau de flexibilidade e

reutilização, transparência de serviço, disponibilidade de informação e modularidade.

Com destaque, a localização do usuário através de antenas do Wi-Fi impacta

positivamente na arquitetura do ambiente, uma vez que não foi necessário espalhar ao longo

da edificação sensores de diversos tipos e seguimentos. Dessa forma, a expansão do sinal do

Wi-Fi em todos os ambientes traz uma maior interconectividade dos usuários com a internet e

aumenta o grau de satisfação com a conexão e disponibilidade da internet.

É importante salientar que, com a arquitetura proposta, o acompanhamento dos

hábitos de consumo energético dos diferentes usuários conectados e o monitoramento ativo

dos mesmos, é possível por meio de um aplicativo móvel ou pela web. Além disso, vale

ressaltar que os dados gerados pela arquitetura, através da classificação de dados provindos da

árvore de decisão, permitirão o desenho de mecanismos eficazes que constituíram um método

eficaz de aplicação de políticas governamentais que possam auxiliar na redução do consumo

de energia.

Além disso, vários benefícios são fornecidos para um cenário SHs, por meio da

adoção dessa arquitetura. Os benefícios são os seguintes:

a) Uma interface de usuário intuitiva para aplicativos móveis para controlar e

monitorar os dispositivos e a taxa de consumo de cada dispositivo do usuário

final.

b) Capacidade de prever a quantidade final de consumo de energia usando um

módulo inteligente.
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c) Um sistema de controle de consumo tanto para o cliente quanto para as

empresas de energia.

d) Um sistema de rastreamento para residências com vários residentes para

melhorar a gestão do consumo de eletricidade.

e) O desenvolvimento de uma solução padrão, aberta, de baixo custo para

dispositivos de transmissão e medição.

Cada componente de software e dispositivo usado neste projeto é Inter operável e

escalável e todos eles foram baseados em padrões abertos, sendo um elemento chave para o

seu preço baixo. Tais fatores podem permitir que a arquitetura proposta seja utilizada em

áreas comerciais em larga escala. Além disso, a arquitetura já foi empregada com sucesso em

situações do mundo real e, portanto, é adequada para uso e conseguiu reequilibrar o consumo

de energia residencial 87,3% do tempo em que foi usada.

Para pesquisas futuras, os autores destes artigos planejam ajustar esta metodologia

para cenários maiores e mais complexos. Pretende-se também aumentar o desempenho do

algoritmo pela aplicação de diferentes técnicas de inteligência computacional, que podem

proporcionar uma melhoria na Internet das Coisas (IOT) possibilitada pela tecnologia 5G. Em

busca de análises mais probabilísticas, os trabalhos futuros incluirão a implementação de

Redes Bayesianas para melhor compreender os sistemas estocásticos modernos.

O reconhecimento dos usuários através de smart watches, além também do

aperfeiçoamento do protótipo e da arquitetura com uma melhor acabamento, serão

desenvolvido nos próximos trabalhos.
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