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Preface

This CCIS volume presents selected articles from the 4th edition of the Ibero-American
Congress on Smart Cities (ICSC-CITIES 2021), held from November 29 to December
1, 2021, in Canctin, México, in a mixed modality, with in-person and online talks and
article presentations. This event followed the successful three previous editions of the
congress, held in Soria, Spain, in 2018 and 2019 and in San José, Costa Rica, in 2020.

The main goal of ICSC-CITIES 2021 was to provide a forum for researchers, scien-
tists, teachers, decision-makers, postgraduate students, and practitioners from different
countries in Ibero-America and worldwide to share their current initiatives related to
Smart Cities. Articles in this volume address four relevant topics (energy efficiency and
sustainability; infrastructures and environment; mobility and IoT; and governance and
citizenship) covering several areas of research and applications.

The main program consisted of six keynote talks, 65 oral presentations, and 15 poster
presentations from international speakers highlighting recent developments in different
areas. Over two hundred distinguished participants from 26 countries gathered in person
or virtually for the congress. The Program Committee of ICSC-CITIES 2021 received
112 manuscripts, of which 65 submissions were accepted for oral presentation and the
best 22, whose contents were within the computer and information science areas, were
selected to be published in this CCIS volume. All articles underwent careful single-blind
peer-review by at least three subject-matter experts before being selected for publication.

We would like to express our deep gratitude to all contributors to ICSC-CITIES 2021,
including the congress organizers and the authors and reviewers for their endeavors that
made the paper reviewing process run efficiently. We also thank the participants of the
congress, our government and industry sponsors, and the readers of the proceedings.

December 2021 Sergio Nesmachnow
Luis Herndndez Callejo



General Chairs

Luis Herndndez Callejo
Sergio Nesmachnow

Track Chairs

Luis Hernandez Callejo
Sergio Nesmachnow
Santiago Iturriaga

Adriana Correa-Guimaraes
Alfredo Cristobal-Salas
Ana Ruiz

Ana Carolina Olivera
Andrés Adolfo Navarro Newball
Bernabe Dorronsoro
Daniel Rossit

Diego Gabriel Rossit

Fabian Castillo Pefa
Irene Lebrusan

Jamal Toutouh

Jorge Mirez

Lorena Parra

Luis Tobon

Luis Manuel Navas-Gracia
Luiz Angelo Steffenel
Oscar Duque-Perez
Paulo Gondim

Pedro Moreno

Ponciano Jorge

Renzo Massobrio
Roberto Villafafila
Sara Gallardo-Saavedra
Teodoro Calonge
Victor Alonso Gémez

Organization

Universidad de Valladolid, Spain
Universidad de la Republica, Uruguay

Universidad de Valladolid, Spain

Universidad de la Republica, Uruguay

Universidad de la Republica, Uruguay

Universidad de Valladolid, Spain

Universidad Veracruzana, México

San Jorge University, Spain

Universidad Nacional de Cuyo, Argentina

Pontificia Universidad Javeriana, Colombia

University of Cadiz, Spain

Universidad Nacional del Sur, Argentina

Universidad Nacional del Sur and CONICET,
Argentina

Universidad Libre, Cali, Colombia

Harvard University, USA

Massachusetts Institute of Technology, USA

Universidad Nacional de Ingenieria, Perti

Universitat Politecnica de Valencia, Spain

Pontificia Universidad Javeriana, Cali, Colombia

Universidad de Valladolid, Spain

Université de Reims Champagne-Ardenne, France

University of Valladolid, Spain

Universidade de Brasilia, Brasil

Universidad Auténoma del Estado de Morelos,
México

Escamilla-Ambrosio, CIC-IPN, México

Universidad de la Republica, Uruguay

Universitat Politecnica de Catalunya, Spain

Universidad de Valladolid, Spain

Universidad de Valladolid, Spain

Universidad de Valladolid, Spain



viii Organization
Publication Chairs

Luis Hernandez Callejo
Sergio Nesmachnow

Universidad de Valladolid, Spain
Universidad de la Republica, Uruguay

Submission and Conference Management Chair

Santiago Iturriaga

Program Committee

Abiagil Parra Parra

Adrian Toncovich

Adriana Correa-Guimaraes

Agustin Laguarda
Alberto Lépez Casillas
Alejandro Otero
Alejandro Paz Parra
Alessandra Bussador
Alex Cano

Alexander Shemetev
Alexander Vallejo Diaz

Alfredo Cristobal-Salas
Alice Monteiro

Alicia Martinez

Ana Ruiz

Ana Carolina Olivera

Andrés Adolfo Navarro Newball
Andres Felipe Fuentes Vasquez

Angel Zorita Lamadrid
Angela Ferreira
Antonio Mauttone
Antonio Mufioz
Armando Huicochea
Belén Carro

Bernabe Dorronsoro
Bouras Abdelkarim
Carlos Grande

Carlos Meza Benavides
Carlos Torres

Universidad de la Republica, Uruguay

Universidad Autonoma del Estado de Morelos,
México

Universidad Nacional del Sur, Argentina

Universidad de Valladolid, Spain

Universidad de la Republica, Uruguay

Diputacién de Avila, Spain

UBA/CSC-CONICET, Argentina

Pontificia Universidad Javeriana, Cali, Colombia

UDC, Brasil

Universidad de Quintana Roo, México

VSE, Czech Republic

Santo Domingo Institute of Technology,
Dominican Republic

Universidad Veracruzana, México

UFMG, Brasil

CENIDET, México

San Jorge University, Spain

Universidad Nacional de Cuyo, Argentina

Pontificia Universidad Javeriana, Cali, Colombia

Pontificia Universidad Javeriana, Cali, Colombia

Universidad de Valladolid, Spain

Polytechnic Institute of Braganca, Portugal

Universidad de la Republica, Uruguay

University of Malaga, Spain

Autonomous University of Morelos State, México

Universidad de Valladolid, Spain

University of Cadiz, Spain

Badji Mokhtar University, Algeria

Universidad Centroaméricana José Simedn
Canias, El Salvador

Anhalt University of Applied Sciences, Germany

CENIDET, México



Carmen Vasquez
Carolina Solis Maldonado
César Varela

Christian Cintrano
Claudio Paz

Claudio Risso
Cleonilson Protasio
Cristina Séez Blazquez
Daniel Morinigo-Sotelo
Daniel Rossit

Daniel Stolfi

David Peiia Morales
Deyslen Mariano

Diana Sanchez-Partida
Diego Arcos-Aviles

Diego Gonzalez-Aguilera
Diego Alberto Godoy
Diego Gabriel Rossit

Edgardo Anibal Belloni
Edith Gabriela Manchego
Huaquipaco
Eduardo Fernandez
Elina Pacini
Emmanuel Millan
Enrique Gonzélez
Enrique Gabriel
Esteban Mocskos
Fabian Castillo Pefia
Fermin Armenta

Fernando Velez Varela
Francisco Valbuena

Franco Robledo

Gabriel Baya

Gilberto Martinez

Gina Paola Maestre Gongora
Harrison Oluwaseyi Ogunkalu
Ignacio de Godos Crespo
Ignacio Martin Nieto

Organization ix

Unexpo, Venezuela

Universidad Veracruzana, México

CENIDET, México

Universidad de Mdlaga, Spain

UTN FRC, Argentina

Universidad de la Republica, Uruguay

Federal University of Paraiba, Brazil

University of Salamanca, Spain

Universidad de Valladolid, Spain

Universidad Nacional del Sur, Argentina

University of Luxembourg, Luxembourg

University of Cadiz, Spain

Instituto Tecnoldgico de Santo Domingo,
Dominican Republic

UPAEP, México

Universidad de las Fuerzas Armadas ESPE,
Ecuador

University of Salamanca, Spain

Universidad Gastén Dachary, Argentina

Universidad Nacional del Sur and CONICET,
Argentina

Universidad Gastén Dachary, Argentina

Universidad Nacional de San Agustin de
Arequipa, Perd

Universidad de la Republica, Uruguay

UNCuyo, Argentina

UNcuyo, Argentina

Universidad de Salamanca, Spain

Baquela, UTN, Argentina

UBA, Argentina

Universidad Libre, Cali, Colombia

Centro de Ensefianza Técnica y Superior (CETYS
Universidad), México

Universidad Santiago de Cali, Colombia

Universidad de Valladolid, Spain

Universidad de la Republica, Uruguay

Universidad de la Republica, Uruguay

CIC-IPN, México

Universidad Cooperativa de Colombia, Colombia

Nigde Omer Halisdemir Universitesi, Turkey

Universidad de Valladolid, Spain

Universidad de Salamanca, Spain



X Organization

Ignacio Turias
Irene Lebrusan
Ivett Zavala Guillén

Jamal Toutouh
Javier Rocher
Jennifer Kim
Joao Coelho
Jonathan Muraiia
Jorge Caramés
Jorge Mirez
Jorge Nijera

Jorge Pérez Martinez

Jorge Mario Cortés-Mendoza
Jose Aguerre

Jose Lizardi

José Alberto Herndndez

José Angel

Jose Antonio Martin-Jimenez
José Antonio Ferrer
José-Ramon Aira

Juan Chavat

Juan Espinoza

Juan Pavoén

Juan Coca

Juan Francisco Cabrera Sanchez
Juan José Tarrio

Leonardo Cardinale

Lilian Obregon

Lorena Parra

Lucas Iacono

Lucas Mohimont

Luis Garcia

Luis Hernandez Callejo

Luis Marrone

Luis Tobon

Luis Bernardo Pulido-Gaytan
Luis G. Montané Jiménez
Luis Manuel Navas-Gracia
Luis Omar Jamed Boza

Universidad de Céadiz, Spain

Harvard University, USA

Centro de Investigacién Cientifica y de Educacién
Superior de Ensenada, México

Massachusetts Institute of Technology, USA

Universitat Politecnica de Valéncia, Spain

University of Mons, Belgium

Instituto Politécnico de Braganga, Portugal

Universidad de la Republica, Uruguay

Grupo Igualatorio Bilbao, Spain

Universidad Nacional de Ingenieria, Pert

Centro de Investigaciones Energéticas,
Medioambientales y Tecnoldgicas, Spain

Universidad de Concepcion, Chile

South Ural State University, Russia

Universidad de la Republica, Uruguay

Autonomous University of Mexico City, México

Universidad Auténoma del Estado de Morelos,
México

Morell Martinez, UMA, Spain

Universidad de Salamanca, Espafia

CIEMAT, Spain

Universidad Politécnica de Madrid, Spain

Universidad de la Republica, Uruguay

Universidad de Cuenca, Ecuador

Universidad Complutense de Madrid, Spain

Universidad de Valladolid, Spain

Universidad de Cadiz, Spain

CNEA, Argentina

Instituto Tecnoldgico de Costa Rica, Costa Rica

Universidad de Valladolid, Spain

Universitat Politeécnica de Valencia, Spain

Know-Center GmbH, Austria

Université de Reims, France

Universidad de Concepcidn, Chile

Universidad de Valladolid, Spain

UNLP, Argentina

Pontificia Universidad Javeriana, Cali, Colombia

CICESE Research Center, México

Universidad Veracruzana, México

Universidad de Valladolid, Spain

Universidad Veracruzana, México



Luis Ricardo Delgado Cortés

Luisena Fernandez

Luiz Angelo Steffenel
Manuel Gonzalez

Marcela Quiroz Castellanos
Marcin Seredynski
Mariano Frutos

Mario Vignolo

Marta Pons Nieto

Martin Draper

Mauro D’ Angelo

Melva Inés Gémez-Caicedo

Mercedes Gaitan

Miguel Davila

Monica Alonso

Monica Montoya Giraldo
Monica Fatima Diaz

Neiel Israel Leyva Santes
Nestor Rocchetti

Noelia Uribe-Perez
Noelia Soledad

Norela Vanessa Mora Ceron
Olalla Garcia Pérez
Oscar Duque-Perez
Oscar Izquierdo

Pablo Monzon

Pablo Rodriguez-Bocca
Pablo Vidal

Pablo Daniel Godoy
Patricia Ruiz

Paul Ayala

Paula de Andrés Anaya
Paulo Gondim

Pedro Curto

Pedro Moreno

Pedro Pineyro
Ponciano Jorge

Organization

Centro de Investigacion y Asesoria Técnica del
Estado de Querétaro, México
LUZ, Venezuela

Université de Reims Champagne-Ardenne, France

Universidad de Valladolid, Spain

Instituto Tecnol6gico de Ciudad Madero, México

E-Bus Competence Center, Luxembourg

Universidad Nacional del Sur and CONICET,
Argentina

Universidad de la Republica, Uruguay

University of the Balearic Islands, Spain

Universidad de la Republica, Uruguay

Universidad de la Republica, Uruguay

Fundacién Universitaria Los Libertadores,
Colombia

Universidad Konrad Lorenz, Colombia

Universidad Politécnica Salesiana, Ecuador

University Carlos III de Madrid, Spain

CIDET, Spain

Universidad Nacional del Sur and CONICET,
Argentina

Barcelona Supercomputing Center, Spain

Universidad de la Republica, Uruguay

Tecnalia Research & Innovation, Spain

Pinto. UTN, Argentina

Universidad Politecnica de Valencia, Spain

Universidad Europea de Madrid, Spain

University of Valladolid, Spain

CEDER-CIEMAT, Spain

Universidad de la Republica, Uruguay

Universidad de la Republica, Uruguay

Universidad Nacional de Cuyo, Argentina

Universidad Nacional de Cuyo, Argentina

Universidad de Cédiz, Spain

Universidad de las Fuerzas Armadas, Ecuador

Escuela Politécnica Superior de Avila, Spain

Universidade de Brasilia, Brazil

Universidad de la Republica, Uruguay

Universidad Auténoma del Estado de Morelos,
Meéxico

Universidad de la Republica, Uruguay

Escamilla-Ambrosio, CIC-IPN, México



xii Organization

Rallou Taratori

Ramiro Martins

Raul Luna

Raul Alberto Lépez Meraz
Renato Andara

Renzo Massobrio
Rhonmer Pérez
Roberto Villafafila
Rodrigo Alonso-Sudrez
Rodrigo Porteiro
Santiago Iturriaga

Sara Gallardo-Saavedra
Saul Esquivel Garcia
Sergio Nesmachnow
Sesil Koutra

Silvia Soutullo

Susana del Pozo
Teodoro Calonge
Teresa Batista

Tiago Carneiro Pessoa
Vanessa Guimaraes
Vicente Canals

Vicente Leite

Victor Alonso Gémez
Victor Manuel Padrén Napoles
Yamila Soledad Grassi

Yuri Molina

Zacharie De Greve

University of Mons, Belgium

Polytechnic Institute of Braganca, Portugal

Universidad Veracruzana, México

Universidad Veracruzana, México

Universidad Nacional Experimental Politécnica
Antonio José de Sucre, Venezuela

Universidad de la Republica, Uruguay

UNEXPO, Venezuela

Universitat Politecnica de Catalunya, Spain

Universidad de la Republica, Uruguay

UTE, Uruguay

Universidad de la Republica, Uruguay

Universidad de Valladolid, Spain

CIATEQ, México

Universidad de la Republica, Uruguay

University of Mons, Belgium

CIEMAT, Spain

University of Salamanca, Spain

Universidad de Valladolid, Spain

Universidade de Evora, Portugal

Inria, France

CEFET/RIJ, Brazil

Universidad de las Islas Baleares, Spain

Instituto Politécnico de Braganga, Portugal

Universidad de Valladolid, Spain

Universidad Europea de Madrid, Spain

Universidad Nacional del Sur and CONICET,
Argentina

UFPB, Brazil

University of Mons, Belgium



Contents

Computational Intelligence for Smart Cities

Methodology for Inspection of Defects in Photovoltaic Plants by Drone

and ElectroluminesCence .. ..........uuiiineine i
Luis Herndndez-Callejo, Sara Gallardo-Saavedra,
José Ignacio Morales-Aragonés, Victor Alonso-Gomez,
Alberto Redondo Plaza, and Diego Ferndndez Martinez

VIA: A Virtual Informative Assistant for Smart Tourism ....................
Maria Camila Lopez, David Herndndez, Andrés A. Navarro-Newball,
and Edmond C. Prakash

Photovoltaic Cells Defects Classification by Means of Artificial
Intelligence and Electroluminescence Images ....................oooina...
Héctor Felipe Mateo-Romero, Alvaro Pérez-Romero,
Luis Herndndez-Callejo, Sara Gallardo-Saavedra,
Victor Alonso-Gomez, José Ignacio Morales-Aragonés,
Alberto Redondo Plaza, and Diego Ferndndez Martinez

Exact Approach for Electric Vehicle Charging Infrastructure Location:

A Real Case Study in Mdlaga, Spain ...,
Claudio Risso, Christian Cintrano, Jamal Toutouh,
and Sergio Nesmachnow

A Multi-lens Approach to Smart City Planning: Philadelphia ................
Jennifer Kim, Sesil Koutra, and Zacharie De Greve

Upgrading Urban Services Through BPL: Practical Applications for Smart
GRS .ttt ettt
Noelia Uribe-Pérez, Igor Ferndndez, and David de la Vega

Visualization in Smart City Technologies .................................
Teresa Cepero, Luis G. Montané-Jiménez, Edgard Benitez-Guerrero,
and Carmen Mezura-Godoy

A Case Study of Smart Industry in Uruguay: Grain Production Facility
OPtMIZAtION . .. ..ottt
Gabriel Bayd, Pablo Sartor, Franco Robledo, Eduardo Canale,
and Sergio Nesmachnow



Xiv Contents

Smart Technologies for Monitoring Older Adults with Dementia ........
Jessica Beltrdn, Omar A. Montoya-Valdivia,
Ricardo Baiiuelos-De La Torre, Leonardo Melendez-Lineros,
Gabriel Parada-Picos, Cynthia B. Pérez,
and Ciro Martinez-Garcia-Moreno

Urban Informatics

Prescriptive Analytics in Smart Cities: A Combinatorial Approach

in Rescue Operations ... .............eeuuunniiiiiiiiiiiaannn.
Igor Morais, Vanessa de Almeida Guimardes,
Eduardo Bezerra da Silva, and Pedro Henrique Gonzdlez

Energy-Aware Smart Home Planning: A Real Case Study in Montevideo,
UTUZUAY .« o oottt
Diego G. Rossit and Sergio Nesmachnow

A Machine Learning Approach for Detecting Traffic Incidents from Video
Cameras . ...t
Guillermo Gabrielli, Ignacio Ferreira, Pablo Dalchiele,
Andprei Tchernykh, and Sergio Nesmachnow

A Covid-19 Vaccination Tracking and Control Platform in Santiago de Cali . ...

Andpres Felipe Fuentes, Diego Fernando Botero,
and Cristhian Torres Ramirez

Travel Time Estimation in Public Transportation Using Bus Location Data
Renzo Massobrio and Sergio Nesmachnow

Open-Source Big Data Platform for Real-Time Geolocation in Smart Cities .. ..

Pedro Moreno-Bernal, Carlos Alan Cervantes-Salazar,
Sergio Nesmachnow, Juan Manuel Hurtado-Ramirez,
and José Alberto Herndndez-Aguilar

Using Open Data to Analyze Public Bus Service from an Age Perspective:
Melilla Case ... ...t
Jamal Toutouh, Irene Lebrusdn, and Christian Cintrano

Hybrid GRASP+VND for Flexible Vehicle Routing in Smart Cities ... ...
Lucia Barrero, Rodrigo Viera, Franco Robledo, Claudio Risso,
and Sergio Nesmachnow

A Practical Approach for Sustainable Transit Oriented Development
in Montevideo, Urtguay . ..............uuuuuuuiiiiiiiaann.
Silvina Hipogrosso and Sergio Nesmachnow

178

207



Contents

Internet of Things, Smart Energy and Smart Grid

Development and Improvement of a Data Storage System in a Microgrid
Environment with HomeAssistant and MariaDB ...........................
Oscar Izquierdo-Monge, Gonzalo Martin-Jimenez, and Paula Pefia-Carro

P2P Energy Trading Model for a Local Electricity Community Considering
Technical CoNStraints . ............iinitinee ittt
Fernando Garcia-Muiioz, Francisco Diaz-Gonzdlez,
and Cristina Corchero

Design and Installation of an IoT Electricity and Water Technological

and Monitoring Solution . ........... i
Ponciano J. Escamilla-Ambrosio, Maria G. Pulido-Navarro,
Marco A. Ramirez-Salinas, Marco A. Moreno-Ibarra,
and J. Humberto Sossa-Azuela

Integration of Internet of Things Technologies in Government Buildings
Through Low-Cost SOIUtIONS . ..ottt
Miguel Aybar-Mejia, Deyslen Mariano-Herndndez,
Jesus Coronado Marte, Adridn Contreras, and Jimmy Arias

Author Index . ... . e

XV



