
Smart Innovation, Systems and Technologies

Volume 201

Series Editors

Robert J. Howlett, Bournemouth University and KES International,
Shoreham-by-sea, UK

Lakhmi C. Jain, Faculty of Engineering and Information Technology,
Centre for Artificial Intelligence, University of Technology Sydney,
Sydney, NSW, Australia



The Smart Innovation, Systems and Technologies book series encompasses the
topics of knowledge, intelligence, innovation and sustainability. The aim of the
series is to make available a platform for the publication of books on all aspects of
single and multi-disciplinary research on these themes in order to make the latest
results available in a readily-accessible form. Volumes on interdisciplinary research
combining two or more of these areas is particularly sought.

The series covers systems and paradigms that employ knowledge and intelligence
in a broad sense. Its scope is systems having embedded knowledge and intelligence,
which may be applied to the solution of world problems in industry, the environment
and the community. It also focusses on the knowledge-transfer methodologies and
innovation strategies employed to make this happen effectively. The combination of
intelligent systems tools and a broad range of applications introduces a need for a
synergy of disciplines from science, technology, business and the humanities. The
series will include conference proceedings, edited collections, monographs, hand-
books, reference books, and other relevant types of book in areas of science and
technology where smart systems and technologies can offer innovative solutions.

High quality content is an essential feature for all book proposals accepted for the
series. It is expected that editors of all accepted volumes will ensure that
contributions are subjected to an appropriate level of reviewing process and adhere
to KES quality principles.

Indexed by SCOPUS, EI Compendex, INSPEC, WTI Frankfurt eG, zbMATH,
Japanese Science and Technology Agency (JST), SCImago, DBLP.

All books published in the series are submitted for consideration in Web of Science.

More information about this series at http://www.springer.com/series/8767

http://www.springer.com/series/8767


Yuzo Iano • Rangel Arthur • Osamu Saotome •

Guillermo Kemper • Reinaldo Padilha França
Editors

Proceedings of the 5th
Brazilian Technology
Symposium
Emerging Trends, Issues, and Challenges
in the Brazilian Technology, Volume 1

123



Editors
Yuzo Iano
School of Electrical and Computer
Engineering (FEEC)
UNICAMP
Campinas, São Paulo, Brazil

Osamu Saotome
Divisão de Engenharia Eletrônica
Instituto Tecnológico de Aeronáutica
São José dos Campos, São Paulo, Brazil

Reinaldo Padilha França
School of Electrical and Computer
Engineering (FEEC)
UNICAMP
Campinas, São Paulo, Brazil

Rangel Arthur
School of Technology (FT)
UNICAMP
Limeira, São Paulo, Brazil

Guillermo Kemper
Universidad Peruana de Ciencias Aplicada
Lima, Peru

ISSN 2190-3018 ISSN 2190-3026 (electronic)
Smart Innovation, Systems and Technologies
ISBN 978-3-030-57547-2 ISBN 978-3-030-57548-9 (eBook)
https://doi.org/10.1007/978-3-030-57548-9

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Associate-Editors
Ana Carolina Borges Monteiro
School of Electrical and Computer
Engineering
UNICAMP
Campinas, São Paulo, Brazil

Diego Pajuelo Castro
School of Electrical and Computer
Engineering
UNICAMP
Campinas, São Paulo, Brazil

Gabriel Gomes de Oliveira
School of Electrical and Computer
Engineering
UNICAMP
Campinas, São Paulo, Brazil

https://doi.org/10.1007/978-3-030-57548-9


Committees

Organizing and Executive Committee

Yuzo Iano, LCV/DECOM/FEEC/UNICAMP, General Chair BTSym & WSGE
Osamu Saotome, ITA, Associate-General Chair BTSym
Rangel Arthur, FT/UNICAMP, Vice-General Chair BTSym
Carlos Arturo Raymundo Ibáñez, UPC, Associate-General Chair BTSym
Guillermo Leopoldo Kemper Vásquez, UPC, Associate-General Chair BTSym
Fernando Hashimoto, DMU/UNICAMP, Associate-General Chair BTSym
Rogério Bazi, PUC-Campinas, Associate-General Chair BTSym
Gabriel Gomes de Oliveira, LCV/DECOM/FEEC/UNICAMP, Technical Program
and Finance Chair
Ana Carolina Borges Monteiro, LCV/DECOM/FEEC/UNICAMP, Proceedings
Chair
Reinaldo Padilha França, LCV/DECOM/FEEC/UNICAMP, Proceedings Chair
Telmo Cardoso Lustosa, LCV/DECOM/FEEC/UNICAMP, Local Arrangements
Chair
Alysson Gomes de Oliveira, LCV/DECOM/FEEC/UNICAMP, Marketing Chair
Diego Arturo Pajuelo Castro, LCV/DECOM/FEEC/UNICAMP, Proceedings Chair
David Minango, LCV/DECOM/FEEC/UNICAMP, Registration Chair
Lisber Arana, LCV/DECOM/FEEC/UNICAMP, Institutional Relationship Chair
Alex R. Ruelas, LCV/DECOM/FEEC/UNICAMP, Institutional Relationship Chair
Abel Dueñas Rodríguez, LCV/DECOM/FEEC/UNICAMP, Media Chair

Scientific and Academic Committee

Osamu Saotome, ITA
Luiz Cézar Martini, DECOM/FEEC/UNICAMP
David Bianchini, PUC/Campinas

v



Luis Geraldo Pedroso Meloni, DECOM/FEEC/UNICAMP
Ana Cláudia Seixas, PUC/Campinas Cláudia Seixas
Cristiano Akamine, Universidade Presbiteriana Mackenzie PUC/Campinas
Celso Iwata Frison, PUC/Minas-Poços de Caldas
Luiz Vicente Figueira de Mello Filho, Universidade Presbiteriana Mackenzie
Guillermo Leopoldo Kemper Vásquez, USMP & UNI-INICTEL
Lia Toledo Moreira Mota, PUC/Campinas
Lucas Heitzmann Gabrielli, DECOM/FEEC/UNICAMP
Edgard Luciano Oliveira da Silva, EST/UEA
Talía Simões dos Santos, FT/UNICAMP
Janito Vaqueiro Ferreira, DMC/FEM/UNICAMP
Vlademir de Jesus Silva Oliveira, UNEMAT/Sinop
Navid Razmjooy, Tafresh University, Tafresh, Iran
Hugo Enrique Hernandez Figueroa, DECOM/FEEC/UNICAMP
Antônio José da Silva Neto, IPRJ/UERJ
Bruno Sanches Masiero, DECOM/FEEC/UNICAMP
Marcos Antonio do Nascimento Guimarães, UNIP/CAMPINAS, JUNDIAÍ
Alessandra Akkari, Universidade Presbiteriana Mackenzie
Maria Thereza de Moraes Gomes Rosa, Universidade Presbiteriana Mackenzie
Angela del Pilar Flores Granados, FEA/UNICAMP
Paolo Bacega, Faculdade Anhanguera
Marcos Fernando Espindola, IFSP São Paulo
Polyane Alves Santos, Instituto Federal Da Bahia
Vicente Idalberto Becerra Sablón, USF/UNIMEP
Grimaldo Wilfredo Quispe Santivañez, UNAAT, Tarma, Perú
Jessie Leila Bravo Jaico, UNPRG, Lambayeque, Perú
Ernesto Karlo Celi Arévalo, UNPRG, Lambayeque, Perú
Nestor Adolfo Mamani Macedo, UNMSM, Lima, Perú
Luz María Paucar-Menacho, UNS, Ancash, Perú
Edwin Alberto Valencia Castillo, UNC, Cajamarca, Perú
Christian Del Carpio, UPC, Lima, Perú
Gustavo Huaman Bustamante, Inictel/UNI, Lima, Perú
Itamar Salazar Reque, Inictel/UNI, Lima, Perú

Technical Reviewers Committee

Rangel Arthur, INOVA/FT/UNICAMP
Ana Carolina Borges Monteiro, LCV/DECOM/FEEC/UNICAMP
Reinaldo Padilha França, LCV/DECOM/FEEC/UNICAMP
Adão Boava, Universidade Federal de Santa Catarina, UFSC
Amilton Lamas, PUC-Campinas
Agord de Matos Pinto Júnior, DESIF/FEEC/UNICAMP
Angela del Pilar Flores Granados, FEA/UNICAMP

vi Committees



Joaquim Marcos Santa Rita da Silva, Instituto Nacional de Telecomunicações
Alysson Gomes de Oliveira, LCV/DECOM/FEEC/UNICAMP
José Alexandre Nalon, Centro Universitário Salesiano São Paulo, UNISAL
Murilo Cesar Perin Briganti, LCV/DECOM/FEEC/UNICAMP
Luigi Ciambarella Filho, Universidade Veiga de Almeida/Develop Biotechnology
Lucas Alves, LCV/DECOM/FEEC/UNICAMP
Ingrid Araujo Sampaio, Universidade Estadual de Campinas
Denise Helena Lombardo Ferreira, PUC Campinas
Hermes José Loschi, LCV/DECOM/FEEC/UNICAMP
Daniel Rodrigues Ferraz Izario, LCV/DECOM/FEEC/UNICAMP
Mariana Carvalho, DCA/FEEC/UNICAMP
Diego Pajuelo, LCV/DECOM/FEEC/UNICAMP
Douglas Aguiar do Nascimento, LCV/DECOM/FEEC/UNICAMP
Edson José Gonçalves, LCV/DECOM/FEEC/UNICAMP
Alessandra Akkari, Universidade Presbiteriana Mackenzie
Polyane Alves Santos, Instituto Federal Da Bahia
Kelem Christine Pereira Jordão, LCV/DECOM/FEEC/UNICAMP
Josué Marcos de Moura Cardoso, LCV/DECOM/FEEC/UNICAMP
Giovanni Moura de Holanda, FITec, Technological Innovations, Brazil
Euclides Lourenço Chuma, LCV/DECOM/FEEC/UNICAMP
Gabriel Gomes de Oliveira, LCV/DECOM/FEEC/UNICAMP
José Yauri, DCA/FEEC/UNICAMP
Julío Humberto León Ruiz, LCV/DECOM/FEEC/UNICAMP
Navid Razmjooy, Tafresh University, Tafresh, Iran
Antônio José da Silva Neto, IPRJ/UERJ
Raphael Ronald, CTI (Centro de Tecnologia da Informação)
Raquel Jahara Lobosco, UFRJ/Macaé
Necesio Gomes Costa, UFRJ
Claudia Maria Moraes Santos, UNIVAP
Vitor Chaves de Oliveira, IFSP São Paulo/Mackenzie
Gustavo Mesones, UPC, Lima, Perú
Julio Ronceros, UPC, Lima, Perú
Kalun Lau, UPC, Lima, Perú
Manuel Márquez, UPC, Lima, Perú
Mirko Klusmann, UPC, Lima, Perú
Nikolai Vinces Ramos, UPC, Lima, Perú
Sergio Salas, UPC, Lima, Perú

Sponsor

Beta Telecommunications

Committees vii



Foreword

It is with great satisfaction that I write this foreword to the book, Proceedings of the
5th Brazilian Technology Symposium (BTSym’19), held at the Mackenzie
Presbyterian University, SP, Brazil, in October 2019. This event is in its fifth
edition and has consolidated to become an excellent opportunity for researchers,
teachers, and students to present and discuss the results of their research works.

The 2019 edition of BTSym is characterized by the broad scope of exposed
areas, with papers dealing with current and important topics for Brazilian and world
technological development, including subjects related to the various branches of
human, engineering, smart and sustainable future of cities, architecture, biomedical
and computer science.

Events such as BTSym are an essential part of the research and innovation
process. Firstly, these events contribute to the promotion of research activities,
which are key to a country’s technological development. The dissemination of
research results, as promoted by BTSym, contributions to the transformation of
research findings into technological innovation. In addition, these events facilitate
the sharing of findings, eventually leading to the formation of research networks,
which accelerate the achievement of new results.

Therefore, I congratulate the BTSym General Chair, Prof. Dr. Yuzo Iano, and his
group of collaborators for the important initiative of organizing the BTSym 2019
and for providing the opportunity for authors to present their work to a wide
audience through this publication.

Finally, I congratulate the authors for the high-quality research papers and sci-
entific experiments presented in this proceedings.

Best wishes,
Ana Carolina Borges Monteiro

Researcher and Associate-Editor
University of Campinas

Campinas, Brazil
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Preface

This book contains the Proceedings of the 5th Brazilian Technology Symposium,
an event held in Campinas, SP, Brazil, in October 2019. This book was divided into
two parts: the first part on Emerging Trends in Systems Engineering and
Telecommunications and the second part on Emerging Trends in Industry 4.0,
Smart and Sustainable Future of Cities.

The Brazilian Technology Symposium is an excellent forum for presentations
and discussions of the latest results of projects and development research, in several
areas of knowledge, in scientific and technological scope, including smart designs,
sustainability, inclusion, future technologies, architecture and urbanism, computer
science, information science, industrial design, aerospace engineering, agricultural
engineering, biomedical engineering, civil engineering, control, and automation
engineering, production engineering, electrical engineering, mechanical engineer-
ing, naval and oceanic engineering, nuclear engineering, chemical engineering,
probability, and statistics.

This event seeks to bring together researchers, students, and professionals from
the industrial and academic sectors, seeking to create and/or strengthen the linkages
between issues of joint interest. Participants were invited to submit research papers
with methodologies and results achieved in scientific-level research projects,
completion of course work for graduation, dissertations, and theses.

The 60 full chapters accepted for this book were selected from 210 submissions,
and in each case, the authors were shepherded by an experienced researcher, with a
rigorous peer review process. Among the main topics covered in this book, we can
highlight natural language processing, artificial neural network, physical ergo-
nomics, blockchain, communication technologies, Industry 4.0, computational
intelligence, fuzzy logic, mentoring process, molecular interactions, fermentation
process, simulation, digital image processing, pattern recognition, machine learn-
ing, magnetic field visualization, frameworks developments, physiological param-
eters applications, computational vision, data science, spatial-temporal parameters,
measuring system, sensory analysis, precision agriculture, electrocardiogram,
autonomic nervous system, content analysis, statistical process control, measure-
ment uncertainty, model predictive control, IoE, IoT, smart cities, electrical
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installations, photocatalysis, X-ray, lexical tone, industrial environment, worksta-
tions, sensors, autonomous cars, PCB, data privacy, fluid dynamics, HPV, quantum
computing, and much more.

We hope you enjoy and take advantage of this book and feel motivated to submit
your papers in the future to Brazilian Technology Symposium.

Campinas, Brazil Best wishes,
Reinaldo Padilha França

Proceedings Chair of Brazilian
Technology Symposium
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