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MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA PARAIBA

REQUERIMENTO N° 708/2026 - PPGEE (11.00.65.01)

Ne do Protocolo: NAO PROTOCOLADO
Joao Pessoa-PB, 02 de Outubro de 2026

VISUALIZACAO INDISPONIVEL

(Documento ndo Disponivel no Sistema)



MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA PARAIBA

OFICIO N° 31/2026 - PPGEE (11.00.65.01)

Ne do Protocolo: NAO PROTOCOLADO
Joao Pessoa-PB, 02 de Outubro de 2026

A Pré-Reitoria de P6s-Graduagéo

Assunto: Solicitagdo de pagamento de taxa de inscri¢do em evento no pais

Solicitamos a esta Pré-Reitoria de Pés-Graduagdo o pagamento do valor da taxa de inscricdo do Prof. Fabiano
Salvadori, SIAPE 1636976, membro permanente do corpo docente do Programa de Pés-Graduagdo em Engenharia
Elétrica - PPGEE/CEAR, que apresentari o trabalho intitulado "Communication and Intelligent Technologies
Enabling the Evolution of Smart Grids: From Unidirectional Power Systems to Autonomous Bidirectional Networks"
na XV1 Conferéncia Nacional em Comunicacdes, Redes e Seguranca da Informacdo (Encom 2026), que ocorrerd nos
dias 16 a 18 de outubro de 2026, na cidade de Jo&o Pessoa-PB, tendo em vista o PPGEE jé ter utilizado o recurso
disponibilizado no elemento de despesa 339039 - Servigos Terceiros PJ com o pagamento de inscri¢es de outros
eventos e ndo ter o valor para o custeio deste.

Além disso, por ser realizado em Jodo Pessoa, ndo havera a necessidade de pagamento de passagem nem diarias.

Destacamos, ainda, que o Encom é um dos eventos de grande importancia na &rea de telecomunicacfes realizado
anualmente no Brasil, sendo de grande relevancia para a
Engenharia Elétrica, 0 que contribuira positivamente na Avaliagdo da CAPES.

(Assinado digitalmente em 04/10/2026 14:21)
YURI PERCY MOLINA RODRIGUEZ
COORDENADOR(A) DE CURSO
Matricula: 1972270

Processo Associado: 23074.105791/2026-54

Para verificar a autenticidade deste documento entre em https:/sipac.ufpb.br/documentos/ informando seu nimero:
31, ano: 2026, documento (espécie): OFI Cl O, data de emissdo: 02/10/2026 e o cddigo de verificagdo: eaa90cdef8



UNIVERSIDADE FEDERAL DA PARAIBA
SISTEMA INTEGRADO DE PATRIMONIO, ADMINISTRAGAO E
CONTRATOS
EmiTiDO EM 02/10/2026 15:57

SOLICITAGCAO DE PRESTACAO DE SERVICO

INFORMACOES GERAIS DA REQUISICAO

Di Y

isponivel para receb. com
cod. de barras

Tipo da Requisigao: SERVICO - TAXA_INSCRICAO_EVENTO

Requisicao: 275/2026

Unidade Requisitante: 11006501 - PROGRAMA DE POS-GRADUACAO EM ENGENHARIA ELETRICA
Unidade de Custo: 110040 - PRO-REITORIA DE POS-GRADUACAO (PRPG)

Usuario: kelly-oliv - KELLY VANESSA DE OLIVEIRA (Ramal: 7857)

Data: 02/10/2026

Observacgoes: Solicitacdo de pagamento a PRPG

LISTA DE SERVICOS CADASTRADOS

Local Valor
Item Descricao do Servico Nome do Evento do [é?,?ns: Patrocin(a::lzi da
Evento Taxa
SOLICITACAO DE PAGAMENTO
DE TAXA DE INSCRICAO PARA
O PROF. FABIANO SALVADORI A
QUE APRESENTARA TRABALHO ),\(l\aliiggglfiﬁnc'a
NA XVI CONFERENCIA - ~ Jodo
1 NACIONAL EM COMUNICACOES, ggc'];‘g”écggegisr%nga Pessoa 16/10/2026 05'938'034/000‘%5 300 gg
REDES E SEGURANCA DA da Informacao - PB !
INFORMACAO (ENCOM 2026), (£ (o0 2036)
QUE OCORRERA NO PERIODO
DE 16 A 18/10/2026, EM JOAO
PESSOA-PB.
Banco: BANCO DO BRASIL S.A. Agéncia: 1591-1 Conta: 9552-4
Namero do altimo item anotado: 1
LISTA DOS BENS ASSOCIADOS
N°. Tombamento Denominagao Termo Valor

EXPEDICAO AUTORIZACAO

DATA RUBRICA DATA RUBRICA

SIPAC | STI - Superintendéncia de Tecnologia da Informacdo - 32167000 | Copyright © 2005-2026 - UFPB - sipac-

8648b66675-p6r2l.sipac-8648b66675-p6r2l




MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA PARAIBA ) FOLHA DE ASSINATURAS
SISTEMA INTEGRADO DE PATRIMONIO, ADMINISTRACAO E CONTRATOS

Emitido em 02/10/2026

REQUISICAO N° 275/2026 - PPGEE (11.00.65.01)
(N° do Documento: 275)

(N° do Protocolo: NAO PROTOCOLADO)

(Assinado digitalmente em 04/10/2026 14:21)
YURI PERCY MOLINA RODRIGUEZ
COORDENADOR(A) DE CURSO
1972270

Para verificar a autenticidade deste documento entre em https:.//si pac.ufpb.br/documentos/ informando seu nimero:
275, ano: 2026, documento (espécie): REQUISICAO, data de emissdo: 02/10/2026 e o codigo de verificacdo:
33fcc40d20


https://sipac.ufpb.br/public/jsp/autenticidade/form.jsf

MINISTERIO DA EDUCAGAO ’ - ”)

UNIVERSIDADE FEDERAL DA PARAIBA N
PRO-REITORIA DE ADMINISTRAGAO PRA | UFPB

PRO-RETORIA DE ADMINISTRACAO

FORMULARIO DE SOLICITAGAO DE PAGAMENTO DE TAXA DE INSCRIGAO EM EVENTOS NO PAIS
INEXIGIBILIDADE (Art. 74, Caput - Lei n° 14.133/2021)

( X ) Apresentacao de trabalho ( ) Participagao de evento presencial ( ) Virtual

1. IDENTIFICAGAO DA UNIDADE SOLICITANTE

Unidade Solicitante: Programa de Pés-Graduagdo em Engenharia Elétrica

Responsavel pela solicitagao: Yuri Percy Molina Rodriguez

Telefone: 83 32167857 E-mail: ppgee@cear.ufpb.br

2. IDENTIFICAGAO DO PARTICIPANTE

Nome: Fabiano Salvadori

CPF: 365.664.970-72 Telefone: (83) 99121.7506

E-mail: salvadori.fabiano@cear.ufpb.br

Matricula Siape (se servidor) / Matricula SIGAA (se estudante): 1636976

3. DADOS DO EVENTO

Nome do evento: XVI Conferéncia Nacional em Comunicagdes, Redes e Seguranga da Informacgao
(Encom 2026)

Titulo do Trabalho: Communication and Intelligent Technologies Enabling the Evolution of Smart Grids:
From Unidirectional Power Systems to Autonomous Bidirectional Networks

Periodo de realizagao: 16 a 18 de outubro/2026

Local / Cidade / Estado de realizagao do evento:

Centro de Energias Alternativas e Renovaveis — CEAR/UFPB / Jodo Pessoa / Paraiba

Data limite para o pagamento da inscrigéo (Se houver):

Valor da Inscrigéo (em reais): 300,00 (trezentos reais)

4. DADOS DA INSTITUICAO PROMOVENTE

Razao/Denominacgdo Social: Instituto de Estudos Avangados em Comunicagdes - IECOM

CNPJ: 05.938.034/0001-45

E-mail: encom2026@cear.ufpb.br




Endereco:

Caixa Postal 10.003. Universidade Federal de Campina Grande. Departamento de Engenharia Elétrica.
Rua Aprigio Veloso, 882, Bairro Universitario, Campina Grande-PB. CEP: 50.429-900

Dados Bancarios: 001 - Banco do Brasil. Ag. 1591-1. Conta Corrente: 9552-4

5. DETALHAMENTO ORGAMENTARIO

PTRES: Fonte: Elemento Despesa: UGR: PI:

230547 1000A00237 339039 150900 OCCCUO9414N
Observagoes:

Incluir no Processo:

aprwd-=

7.

Memorando/Oficio de requisi¢cao assinado pelo titular da unidade solicitante;

Folder do evento;

Carta de aceite, se for o caso;

Copia do trabalho a ser apresentado, se for o caso;

Certidao negativa relativa a tributos federais, certiddo de regularidade para com o FGTS, ambas relativas ao
CNPJ da empresa organizadora do evento, e as certiddes de regularidade estadual e municipal, dependendo
do objeto da contratagdo, com base no tributo langado: Certiddo Estadual: (ICMS), no caso de fornecimento
de bens, e Certiddo Municipal (ISS), no caso de servicos;

Justificativa por meio de exposi¢cdo de motivos do dirigente da Unidade, a partir do 3° (terceiro) inscrito neste
mesmo evento;

Declaracao de regularidade de matricula (se Aluno).

Orientacoes para o preenchimento do formulario:

10.

Unidade Solicitante: é a Unidade de onde a solicitagdo se origina.

Responsavel pela solicitagdo: € o servidor que determinou as especificagbes dos servigos a serem
realizados.

E-mail: € o e-mail do servidor que determinou as especificagdes, cujo nome foi informado no item anterior.
Telefone: é o telefone do servidor que determinou as especificagdes, cujo e-mail foi informado no item
anterior.

Dados do participante: dados pessoais/funcionais do servidor que ira participar ou apresentar trabalho em
evento.

Dados do evento: Titulo do evento, o periodo e o local de realizagao do evento.

Dados da instituicdo promovente: dados da empresalinstituicdo que ira promover o evento.

Documentagédo anexada: Anexar todos os documentos especificados, principalmente, o folder do evento, a
carta de aceite (se for o caso) e a justificativa a partir do 3° (terceiro) inscrito neste mesmo evento, em
atendimento ao art. 15, paragrafo unico da Portaria MEC n° 403/2009.

Detalhamento Orgcamentario: indicar o cédigo da UGR da Unidade com 06 digitos; o Pl com 11 digitos; e a
Fonte com 10 digitos;

Diretor Unidade/Gestor do Projeto: indicam os setores responsaveis pela solicitagao e/ou autorizagado, devem
ser datados, assinados e carimbados, obedecendo a sequéncia hierarquica.

Informacoes Importantes:

1.

2.

No caso de preenchimento incompleto do formulario, 0 mesmo sera devolvido para as complementagoes
necessarias.

As solicitagdes deverao ser encaminhadas a Coordenagao de Administracdo com antecedéncia minima de 10
(dez) dias da realizag&o do evento.

Quando o valor solicitado for superior ao previsto no folder do evento, o processo sera devolvido a unidade
solicitante para ajustes e/ou autorizagéo do dirigente.

A Nota de Empenho sera encaminhada aos e-mails informados no formulario para que providenciem a
confirmacgao da inscri¢cdo na instituicdo promovente.

O pagamento da inscricdo somente ocorrera apds a participacdo do servidor no evento, salvo excecgodes
devidamente justificadas. A Nota Fiscal/Recibo/Fatura devera ser emitida pela instituicdo promovente em
favor da Universidade Federal da Paraiba, devidamente atestada, contendo assinatura, data e mat. siape do
participante, juntamente com o processo que deu origem a solicitagao.




Dercurmente assinado digitameante

u 3 FABLANG SALYVADOR
g\-' U Deata: 29/08, 2006 09:08:41-5300

Weriligus em DLeps: ! ealedan . o go. b



MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DA PARAIBA ) FOLHA DE ASSINATURAS
SISTEMA INTEGRADO DE PATRIMONIO, ADMINISTRACAO E CONTRATOS

Emitido em 29/09/2026

REQUERIMENTO N° 01/2026 - PPGEE (11.00.65.01)
(N° do Documento: 1)

(N° do Protocolo: NAO PROTOCOLADO)

(Assinado digitalmente em 04/10/2026 14:21)
YURI PERCY MOLINA RODRIGUEZ
COORDENADOR(A) DE CURSO
1972270

Para verificar a autenticidade deste documento entre em https.//sipac.uf pb.br/documentos/ informando seu nimero: 1,
ano: 2026, documento (espécie): REQUERIMENTO, data de emissdo: 02/10/2026 e o codigo de verificagdo:
836b52280c


https://sipac.ufpb.br/public/jsp/autenticidade/form.jsf
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ENCOM

XVI Conferéncia Nacional em Comunicagoes, Redes e Seguranca da Informagao (Encom 2026)
Centro de Energias Alternativas e Renovaveis - Universidade Federal da Paraiba

Joao Pessoa, 16 a 18 de outubro de 2026.

Programacao

Acesse aqui a programacao detalhada das sessdes técnicas, minicursos e palestras.

®

https://sites.google.com/cear.ufpb.br/encom2026/programacao?authuser=0 1/2


https://drive.google.com/file/d/1YrzQ6rUj7Rnt7u1Pgc25NnH2p34ZA-KN/view?usp=sharing
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ENCOM
Encom 2026 — Programacao Preliminar
Trris Hordrio Sexta-Feira Sabado Domingo
(16 /outubro) (17 /outubro) (18/outubro)
O8h00-08h20 Credenciamento Sessoes Técnicas (4 a 6)

Manhi 08h20-10h00 Minicursos (1 e 2) Visita aos Laboratorios
10h00-10h20 Coffee-break Coffee-break do CEAR
10h20-12h00 Minicursos (1, 2 e 3) Plenarias 2
12h00-14h00 Intervalo para Almoco [ntervalo para Almoco
14h00-16h00 Sessoes Técnicas (1 a 3) Sessoes Técnicas (7 a 10) Programacio Cultural®

Tarde | 16h00-16h20 Coffee-break Coffee-break =
16h20-18h00 Plenarias 1 Plendrias 3

Noite 18h00-18h30 Cerimdnia de Abertura Encerramento
19h30-22h00 | Jantar de Confraternizacao™

* Por adesao

®

https://sites.google.com/cear.ufpb.br/encom2026/programacao?authuser=0
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ENCOM

XVI Conferéncia Nacional em Comunicagoes, Redes e Seguranca da Informagao (Encom 2026)
Centro de Energias Alternativas e Renovaveis - Universidade Federal da Paraiba

Joao Pessoa, 16 a 18 de outubro de 2026.

Inscricoes

®

https://sites.google.com/cear.ufpb.br/encom2026/inscrigdes?authuser=0 1/4
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= Estudantes de graduagdo: RS 100,00
= Estudantes de pds-graduacéo: RS 200,00
= Profissionais: RS 300,00

Obs: O Sistema Even3 Eventos cobra uma taxa de servigo de 10%.

Cada inscricdo (graduacao/pés-graduacao ou profissional) dard direito a publicacdo de 01 (um) artigo nos Anais do Encom 2026. A
publicacdo de artigos adicionais tera um custo de RS 100,00 por artigo.

Para garantir a inclusdo dos artigos nos Anais do Encom 2026, os autores devem fazer a inscrigéo até 10 de setembro de 2026.

Todos os inscritos também terdo direito a um minicurso, acesso a todas as palestras plenarias, bem como aos coffee breaks e
coquetel de abertura.

Para realizar o pagamento do artigo adicional, os autores devem:

1) Primeiramente, efetuar a inscrigao;

2) Depois, adicionar o pagamento do segundo artigo (Artigo Adicional na aba Programacao);
3) Nesta mesma aba, adicionar o minicurso desejado,

de acordo com a figura a seguir:

®

https://sites.google.com/cear.ufpb.br/encom2026/inscrigdes?authuser=0 2/4
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ENCOM
@' Inicio

Inscricio Programacio

@ Inscriches

Tipo
B Programacao Apresentagdo de Trabalho Minicurso ® Tou
. . . o . _ [F 1
Artigo Adicional Da Criptografia Classica a Pés-Quantica: Fundamentos, Padries e o 8
Certificade i !
@) Certificados Desafios da Migracdo -
0 A definir
Data
B R$100,00 B A definis
i Tow

@ Mais informagoes ~" Realizar inscricao © Mals Informacdes + Reallzar Inscricao

Minlcurso Minlcurso
Do Laboratdrio ao Mercado: Come Transformar Pesquisas em TICs em Redes Neurais de Grafos como Gémeo Digital de Rede: Aplicacdes em
Propriedade Intelectual e Transferéncia de Tecnologia Redes 5G Avangado e em 6G
8 A definir B Adefinir
@ Mais informagdes ~ Realizar inscricao @ Mais informagdes + Realizar inscrig@o

®
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Communication and Intelligent Technologies

Enabling the Evolution of Smart Grids: From

Unidirectional Power Systems to Autonomous
Bidirectional Networks

Fabiano Salvadori, Lucas V. Hartmann, Stefannie F. G. de Aratijo and Sara M. Costa Silva

Resumo—The transition from conventional power systems to
Smart Grids is driven by the increasing penetration of distri-
buted energy resources (DERs), battery energy storage systems
(BESS), electric vehicles (EVs), and power-electronic interfaces,
together with growing requirements for flexibility, reliability,
resilience, and efficiency. This transformation requires more
than infrastructure digitalization: it depends on the coordinated
development of communication, digital information, analytical,
and operational capabilities. This paper reviews these techno-
logical layers and discusses how their integration enables the
evolution from unidirectional and weakly observable networks
toward bidirectional, adaptive, and increasingly autonomous
power systems. Communication technologies are examined across
wide-, field-, neighborhood-, and home-area networks, while
intelligent technologies include state estimation, forecasting, op-
timization, artificial intelligence, machine learning, digital twins,
ADMS, and DERMS. A capability-driven framework relates
these technologies to successive grid generations. The analysis
indicates that autonomy emerges from functional integration,
with communications enabling connectivity, digital infrastructu-
res providing observability, analytical methods supporting situa-
tional understanding and prediction, and operational platforms
enabling coordinated decision-making and control.

Smart Grid, distributed energy resources, communication
networks, artificial intelligence, DERMS, ADMS, digital twins, au-
tonomous power systems.—Quantizacio vetorial, processamento
digital de imagens, compressao de sinais.

I. INTRODUCTION

Electric power systems were historically designed around
centralized generation, high-voltage transmission, passive dis-
tribution networks, and predominantly unidirectional power
flows. These operating principles are increasingly challenged
by decarbonization, decentralization, digitalization, and active
consumer participation [1], [2].

The rapid deployment of DERs, including photovoltaic
and wind generation, BESS, controllable loads, and EVs, is
changing both the physical structure and operational require-
ments of electric grids. Distribution networks that were once
passive now experience bidirectional power flows, variable
operating conditions, voltage and congestion constraints, and
a growing number of controllable devices. Simultaneously,
advanced metering, sensing, automation, and communication

Fabiano Salvadori, Lucas V. Hartmann, Stefannie F. G. de Aradjo and Sara
M. Costa Silva, Federal University of Paraiba, Graduate Program in Electrical
Engineering, Smart Grid Laboratory, Jodo Pessoa, Paraiba, Brazil, e-mail:
salvadori.fabiano @ gmail.com.

technologies provide increasing volumes of operational data
(31, [4].

Smart Grids therefore emerge not merely as conventional
grids equipped with digital devices, but as cyber-physical
infrastructures in which energy, information, communication,
and control are increasingly integrated [5]. Communication
infrastructures enable information exchange; digital infrastruc-
tures establish observability; analytical capabilities transform
data into actionable knowledge; and operational capabilities
convert decisions into coordinated actions.

This paper proposes a capability-driven framework con-
necting successive stages of grid evolution with the tech-
nologies required at each stage. A Smart Grid incorporates
sensing, communication, and automation to perceive system
conditions and execute predefined functions. An Intelligent
Grid extends these capabilities through analytics, forecasting,
optimization, and artificial intelligence to interpret conditions,
anticipate their evolution, and support operational decisions.
An Autonomous Grid further incorporates coordinated action
and adaptation, while human participation progressively shifts
from direct control toward supervision, objective definition,
constraint setting, and governance. Thus, grid evolution can
be associated with the progressive capabilities to perceive,
understand, predict, decide, act, and adapt.

The contribution of this paper is therefore not limited to
reviewing individual communication or intelligent technolo-
gies. Instead, these technologies are organized according to the
operational capabilities they enable. This perspective provides
explicit functional boundaries among Smart, Intelligent, and
Autonomous Grids and helps distinguish digitalization from
intelligence and automation from autonomy.

II. EVOLUTION OF ELECTRIC POWER GRIDS

The evolution of electric grids can be represented as a
sequence of increasingly integrated technological and opera-
tional capabilities. Fig. 1 summarizes five conceptual stages:
Conventional Grid, Digital Grid, Smart Grid, Intelligent Grid,
and Autonomous Grid. These stages are not rigid historical
boundaries, since different functions and regions may coexist
at different maturity levels.

The Conventional Grid is characterized by centralized ge-
neration, limited distribution-level observability, radial protec-
tion, and predominantly manual or local operation. The Digital
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Figura 1. Functional evolution from conventional to increasingly autonomous electric grids.

Tabela I

Tabela II

CAPABILITY-DRIVEN EVOLUTION OF ELECTRIC GRIDS

COMMUNICATION REQUIREMENTS IN SMART GRID DOMAINS

Stage Dominant capabi-  Decision/control Human role Domain  Typical applications  Relevant Candidate technolo-
lity requirements gies
Conventional ~ Deliver Manual/local Direct operation WAN SCADA, PMU, con-  High reliability, wide  Fiber, MPLS, 4G/5G
Digital Sense & communi- Supervisory Direct operation trol centers coverage
cate FAN DA, protection, DER Low latency, availabi- Fiber, RF mesh, pri-
Smart Monitor & control Automated/predefined ~ Operation/supervision control lity vate LTE/5G
Intelligent Understand, predict ~ Optimized/Al- Supervision/validation NAN AMI, meter aggrega-  Scalability, coverage RF mesh, PLC, cellu-
& decide assisted tion lar
Autonomous Act, coordinate & Distributed/self- Objectives/governance HAN HEMS, EV, applian- Low cost, interopera- Wi-Fi, Zigbee, Ether-
adapt adaptive ces bility net

Grid introduces sensing, intelligent electronic devices, super-
visory control, advanced metering, and digital communication.
The Smart Grid extends this foundation through bidirectional
communication, DER integration, demand response, distribu-
ted automation, and coordinated energy management [2], [3].
The Intelligent Grid adds forecasting, optimization, machine
learning, adaptive protection, and data-driven decision support,
whereas the Autonomous Grid integrates sensing, commu-
nications, analytics, and control in a closed and adaptive
operational cycle.

The framework is capability-driven rather than chronologi-
cal. Digitalization does not automatically produce intelligence,
and automation does not imply autonomy. The transition to
an Intelligent Grid occurs when digital representations are
combined with mechanisms capable of interpreting context,
forecasting states, treating uncertainty, and selecting opera-
tional alternatives. Autonomous operation additionally requi-
res translating these decisions into coordinated actions and
adapting them according to feedback from the cyber-physical
system.

These transitions can therefore be associated with ob-
servable functional criteria. The Digital-to-Smart transition
occurs when sensing and communication become part of
closed operational functions such as coordinated monitoring,
protection, demand response, or DER control. The Smart-to-
Intelligent transition requires context awareness, forecasting,
uncertainty treatment, and decision capability. Finally, the
Intelligent-to-Autonomous transition requires that decisions be
implemented across multiple resources, their physical effects
evaluated through feedback, and subsequent actions adapted
online within predefined technical and operational limits.

III. COMMUNICATION TECHNOLOGIES ENABLING SMART
GRIDS

Communication infrastructures constitute the nervous sys-
tem of the Smart Grid, connecting sensors, smart meters,

protection devices, DER controllers, substations, control cen-
ters, aggregators, and consumers [6]—-[9]. Because applications
differ in latency, bandwidth, reliability, coverage, scalability,
and cybersecurity requirements, no single communication te-
chnology can satisfy all grid functions.

A common architectural classification considers Wide Area
Networks (WANSs), Field Area Networks (FANs), Neigh-
borhood Area Networks (NANs), and Home Area Networks
(HANSs). WANS interconnect substations, control centers, and
geographically dispersed assets; FANs support distribution
automation and field devices; NANs aggregate smart meters
and local infrastructure; and HANs connect appliances, EV
chargers, local energy management systems, and behind-the-
meter resources.

Optical fiber and Ethernet provide high bandwidth and low
latency for substations and critical backbone links. Power
line communication (PLC) exploits existing electrical infras-
tructure and is useful for metering and selected distribution
applications, although its performance depends on topology,
impedance, and noise. Wireless alternatives include RF mesh,
Wi-Fi, cellular networks, private LTE, and 5G [6], [7].

The introduction of 5G and edge computing supports low-
latency applications, high device density, and local processing.
However, communication performance must be considered
together with resilience and cybersecurity because failures,
synchronization errors, attacks, and interoperability limitations
can directly affect physical operation.

Communication performance also constrains the achievable
level of grid intelligence. Historical-data applications can
tolerate comparatively high delays, while protection, inverter
coordination, ancillary services, and distributed closed-loop
control require stringent latency, synchronization, availability,
and reliability. Communication networks therefore evolve from
supporting infrastructure into operational enablers that deter-
mine what information is available, where decisions are made,



and how rapidly coordinated actions can be executed.

IV. INTELLIGENT TECHNOLOGIES AND DIGITAL
INFORMATION INFRASTRUCTURES

Connectivity alone does not make a grid intelligent. Mea-
surements must be transformed into information, knowledge,
and operational decisions using heterogeneous data from AMI,
SCADA, PMUs, weather services, DER controllers, market
platforms, and other cyber-physical sources.

State estimation reconstructs network operating conditions
from incomplete and imperfect measurements. In distribution
systems, limited measurement density, phase unbalance, un-
certain topology, and DER variability increase its complexity.
Higher-resolution sensing and data-driven techniques improve
situational awareness but also increase requirements for vali-
dation, synchronization, storage, and processing.

Forecasting adds the temporal dimension required for pro-
active operation. Load, renewable generation, EV charging,
and flexibility availability can be predicted over horizons from
seconds to days, while probabilistic methods allow renewable
and demand uncertainty to be incorporated into operational
decisions.

Optimization converts system states and forecasts into co-
ordinated setpoints and schedules for applications including
optimal power flow, voltage/VAR optimization, congestion
management, DER dispatch, storage scheduling, restoration,
and demand response. Hierarchical and distributed approaches
can complement centralized optimization as the number of
controllable resources increases [10].

Artificial Intelligence (AI), Machine Learning (ML), Deep
Learning (DL), and Reinforcement Learning (RL) support
anomaly detection, forecasting, asset diagnostics, topology
identification, adaptive control, cybersecurity, and decision
support. Data-driven applications such as non-intrusive load
monitoring also demonstrate how high-resolution measure-
ments can be transformed into appliance-level information
for demand-side intelligence and energy management [11].
Their deployment in critical infrastructure, however, requires
interpretability, robustness, adequate data quality, validation,
and safe behavior outside the training domain.

Digital Twins provide synchronized digital representations
of physical assets or systems and can support condition asses-
sment, predictive maintenance, scenario evaluation, operator
training, and validation of control strategies [12].

At the operational level, these technologies converge in
Energy Management Systems (EMS), Advanced Distribution
Management Systems (ADMS), and Distributed Energy Re-
source Management Systems (DERMS). ADMS integrates
functions such as SCADA, outage management, state estima-
tion, voltage/VAR optimization, and fault location, isolation,
and service restoration [13]. DERMS coordinates large popu-
lations of distributed and behind-the-meter resources through
aggregation, monitoring, scheduling, and dispatch [14].

The resulting intelligence chain can be summarized as
data acquisition — communication — information — un-
derstanding — prediction — decision — coordinated action
. Intelligence emerges from transforming observations into

Communication
Infrastructures

Physical Grid
DERs, BESS, EVs

Operational
Capabilities

Digital Information
Infrastructures

Figura 2. Functional integration cycle enabling increasingly autonomous
Smart Grid operation.

Analytical
Capabilities

context-aware decisions, whereas autonomy requires safely
closing these decisions around the physical process.

V. FUNCTIONAL INTEGRATION TOWARD AUTONOMOUS
SMART GRIDS

The transition toward autonomous Smart Grids is funda-
mentally an integration problem. Autonomy emerges when
communication, digital information, analytical, and operatio-
nal capabilities are connected in a continuous decision cycle.

Fig. 2 illustrates this relationship. Physical-grid measure-
ments are acquired and communicated through the digital
infrastructure; analytical functions estimate the system state,
predict future conditions, and evaluate alternatives; and ope-
rational platforms coordinate actions across centralized and
distributed resources. The physical response is then measured
again, closing the cyber-physical loop.

Automation, intelligence, and autonomy are distinct ca-
pabilities. Automation executes predefined rules, thresholds,
or control sequences. Intelligence interprets operating con-
text, predicts system trajectories, evaluates alternatives, and
supports decisions under uncertainty. Autonomy additionally
implements coordinated decisions, evaluates their effects, and
adapts subsequent actions. Thus, a highly automated grid is not
necessarily intelligent, and an intelligent grid is not necessarily
autonomous.

This distinction becomes particularly important under high
DER penetration. Large populations of inverter-based resour-
ces, BESS, EVs, flexible loads, and microgrids may res-
pond simultaneously to local measurements, market signals,
and network constraints. Independent actions may therefore
conflict at the system level. Autonomous operation requires
hierarchical or distributed coordination that reconciles local
objectives with feeder-, distribution-, and system-level cons-
traints. DERMS and ADMS support this coordination, while
edge controllers and intelligent inverters enable faster local
action [13], [14].

For example, consider a distribution feeder experiencing
high photovoltaic generation and an emerging overvoltage
condition. A Smart Grid may detect the event and activate
predefined Volt/VAR or curtailment functions. An Intelligent
Grid can additionally combine state estimation, generation and
load forecasts, network constraints, and storage availability
to determine a preferred corrective action. An Autonomous
Grid extends this process by coordinating inverter reactive
power, BESS charging, flexible demand, and network devices,
evaluating the resulting feeder state, and adapting the control
action when the observed response differs from the expected
one.



Important barriers remain, including interoperability, cyber-
security, data governance, model validation, and coordination
between distributed intelligence and system-wide objectives.
These requirements become more critical as Al-based methods
increasingly influence physical operation.

Human participation also changes rather than disappears. As
grids progress toward intelligent and autonomous operation,
human involvement shifts from direct execution toward super-
vision, exception handling, validation, objective and constraint
definition, and governance. Trustworthy autonomy therefore
requires transparent decisions, well-defined operating envelo-
pes, fallback mechanisms, cybersecurity, auditable actions, and
appropriate human oversight.

Future Smart Grids will therefore be defined less by any
individual protocol, algorithm, or platform than by the abi-
lity to integrate heterogeneous technological layers into an
operational architecture capable of perceiving, understanding,
deciding, and acting across multiple temporal and spatial
scales.

VI. CONCLUSIONS

This paper examined the evolution of electric power grids
from conventional unidirectional infrastructures toward bi-
directional, intelligent, and increasingly autonomous Smart
Grids. This evolution depends on the progressive integration
of communication infrastructures, digital information infras-
tructures, analytical capabilities, and operational capabilities.

Communication enables connectivity, digital infrastructures
establish observability, and analytical technologies—including
state estimation, forecasting, optimization, Al, ML, and Di-
gital Twins—convert data into situational understanding and
actionable knowledge. Operational platforms such as ADMS
and DERMS then translate this knowledge into coordinated
control of network assets and DERs.

The proposed capability-driven framework distinguishes
Conventional, Digital, Smart, Intelligent, and Autonomous
Grids according to their functional capabilities. A Smart
Grid perceives system conditions and executes predefined
automated functions; an Intelligent Grid additionally interprets
conditions, predicts their evolution, and supports or performs
decisions; and an Autonomous Grid translates these decisions
into coordinated actions and adapts its behavior through feed-
back. The progression can therefore be summarized: perceive
— understand — predict — decide — act — adapt .

Autonomy should consequently be interpreted as an emer-
gent capability arising from the integration of sensing, com-
munication, computation, intelligence, and control rather than
as an isolated technological endpoint. Human participation
remains essential but progressively shifts from direct operatio-
nal control toward supervision, objective definition, validation,
constraint setting, and governance. This perspective provides
a structured basis for identifying the technological and opera-
tional capabilities required by future power systems with high
penetrations of distributed, renewable, and power-electronic-
interfaced resources.
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Deste modo, autorizamos o pagamento dainscri¢do de Fabiano Salvador para participar do evento "XV Conferéncia
Nacional em Comunicagdes, Redes e Seguranca da Informacdo (Encom 2026) " que ocorrerd em Jodo Pessoa/Paraiba,
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EVANDRO LEITE DE SOUZA LIVIA MACEDO BARRETO DE OLIVEIRA
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