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Preface

This volume contains the proceedings of the 9th International Symposium on
Ambient Intelligence (ISAmI 2018). The Symposium was held in Toledo, Spain, on
June 20-22 at Campus Tecnologico de la Fabrica de Armas, University of
Castilla-La Mancha.

ISAmI has been running annually and aiming to bring together researchers from
various disciplines that constitute the scientific field of Ambient Intelligence to
present and discuss the latest results, new ideas, projects, and lessons learned,
namely in terms of software and applications, and aims to bring together researchers
from various disciplines that are interested in all aspects of this area.

Ambient Intelligence is a recent paradigm emerging from Aurtificial Intelligence,
where computers are used as proactive tools assisting people with their day-to-day
activities, making everyone’s life more comfortable.

After a careful review, 48 papers from 15 different countries were selected to be
presented in ISAmI 2018 at the conference and published in the proceedings. Each
paper has been reviewed by, at least, three different reviewers, from an international
committee composed of 165 members from 23 countries.

June 2018 Paulo Novais
Jason J. Jung

Gabriel Villarrubia

Antonio Fernandez-Caballero

Elena Navarro

Pascual Gonzalez

Davide Carneiro

Antonio Pinto

Andrew T. Campbell

Dalila Duraes



Organization

Program Committee Chairs

Paulo Novais
Jason J. Jung

Gabriel Villarrubia Gonzalez

Program Committee

Emmanuel Adam
Sami Albouq
Ana Almeida
Ana Alves

Victor Alves

Ricardo Anacleto

Cesar Analide

Cecilio Angulo

José Antonio Castellanos
Mario Antunes

Javier Bajo
Emilia Barakova

Manuel Barbosa
Massimo Bartoletti

Universidade do Minho, Portugal
Chung-Ang University,

Republic of Korea
University of Salamanca, Spain

Univ Lille Nord de France, France

Oakland University, USA

ISEP/IPP, Portugal

Centre for Informatics and Systems, University
of Coimbra, Portugal

University of Minho, Portugal

ISEP, Portugal

University of Minho, Portugal

Universitat Politécnica de Catalunya, Spain

University of Salamanca, Spain

Polytechnic Institute of Leiria, ESTG
& INESC TEC, CRACS, University of Porto,
Portugal

Universidad Politécnica de Madrid, Spain

Eindhoven University of Technology,
Netherlands

Portugal

Dipartimento di Matematica e Informatica,
Universita degli Studi di Cagliari, Italy

vii



viii

Stefano Bistarelli
Lourdes Borrajo
Tibor Bosse
Lars Braubach
Danilo Caivano

Valérie Camps

Alda Canito

Javier Carbo

Gongalo Cardeal

Davide Carneiro

Joao Carneiro

Fabio Cassano

José Antonio Castellanos
Garzon

José Carlos Castillo

Alvaro Castro-Gonzalez

Alejandro Catala

Jodo P. S. Catalao
Silvio Cesar Cazella
Pablo Chamoso
Stefano Chessa

Stéphanie Combettes
Luis Conceigao

Phan Cong-Vinh
Ricardo Costa
Angelo Costa

Rémy Courdier
Krzysztof Czarnocki
Eduardo Dias
Patricio Domingues
Dalila Duraes

Manuel Eduardo Correia

Luiz Faria

Florentino Fdez-Riverola
Bruno Fernandes

Organization

Universita di Perugia, Italy

University of Vigo, Spain

Vrije Universiteit Amsterdam, Netherlands

University of Hamburg, Germany

Department of Informatics, University of Bari,
Italy

University of Toulouse, IRIT, France

GECAD, Portugal

Universidad Carlos III of Madrid, Spain

ISQ, Portugal

University of Minho, Portugal

ISEP/GECAD, Portugal

University of Bari, Italy

University of Salamanca, Spain

Universidad Carlos III de Madrid, Spain

Universidad Carlos III de Madrid, Spain

Human Media Interaction, University of Twente,
Netherlands

University of Beira Interior, Portugal

UFCSPA, Brazil

University of Salamanca, Spain

Department of Computer Science, University
of Pisa, Italy

IRIT, University of Toulouse, France

GECAD, Research Group on Intelligent
Engineering and Computing for Advanced
Innovation and Development, Portugal

Nguyen Tat Thanh University, Vietnam

ESTG.IPP, Portugal

University of Minho, Portugal

LIM, Université de la Réunion, Reunion

Lublin University of Technology, Poland

Universidade NOVA de Lisboa, Portugal

ESTG, Leiria, Portugal

Department of Artificial Intelligence, Technical
University of Madrid, Madrid, Spain

CRACS/INESC TEC; DCC/FCUP, Portugal

Knowledge Engineering and Decision Support
Research (GECAD), Institute of Engineering,
Polytechnic of Porto, Porto, Portugal

University of Vigo, Spain

University of Minho, Portugal



Organization

Marta Fernandes

Antonio Fernandez-Caballero
Joao Carlos Ferreira

Lino Figueiredo

Adina Magda Florea

Daniela Fogli

Miguel Frade

Juan Francisco De Paz
Jorge G. Barbosa
Arturo Garcia

Jose Garcia-Alonso
Ayse Goker

Hélder Gomes

Celestino Goncalves
Pascual Gonzalez
Alfonso Gonzalez Briones
Sérgio Gongalves
David Griol
Junzhong Gu
Esteban Guerrero
Hans W. Guesgen
Daniel Hernandez
de La Iglesia
Francisco Javier
Hinojo Lucena
Javier Jaen
Jean-Paul Jamont
Javier Jaén
Rui José
Vicente Julian
Jason Jung
Leszek Kaliciak
Anastasios Karakostas
Alexander Kocian
Igor Kotenko

Sergii Kushch
Bogdan Kwolek

GECAD, Research Group on Intelligent
Engineering and Computing for Advanced
Innovation and Development, Polytechnic
of Porto, Portugal

Universidad de Castilla-La Mancha, Spain

ISCTE, Portugal

ISEP, Portugal

University Politehnica of Bucharest, AI-MAS
Laboratory, Romania

Universita di Brescia, Italy

Instituto Politécnico de Leiria, Portugal

University of Salamanca, Spain

University of Porto, Portugal

University of Castilla-La Mancha, Spain

University of Extremadura, Spain

AmbieSense, UK

Escola Superior de Tecnologia e Gestdo de
Agueda, Universidade de Aveiro, Portugal

Instituto Politecnico da Guarda, Portugal

University of Castilla-La Mancha, Spain

BISITE Research Group, Spain

University of Minho, Portugal

Universidad Carlos III de Madrid, Spain, Spain

East China Normal University, China

Umeé University, Sweden

Massey University, New Zealand

Universidad de Salamanca, Spain

University of Granada, Spain

Universitat Politécnica de Valéncia, Spain
LCIS, Université de Grenoble, France
UPYV, Spain
University of Minho, Portugal
Universitat Politécnica de Valéncia, Spain
Chung-Ang University, South Korea
AmbieSense, UK
Aristotle University of Thessaloniki, Greece
University of Pisa, Italy
St. Petersburg Institute for Informatics
and Automation of the Russian Academy
of Sciences (SPIIRAS), Russia
University of Salamanca, Spain
AGH University of Science and Technology,
Poland



Joyca Lacroix
Latif Ladid
Rosa Lanzilotti

Guillaume Lopez

Alvaro Lozano Murciego

Alberto Lopez Barriuso

José Machado

Jodo Paulo Magalhaes

Diego Manuel JimEnez
Bravo

Antonio Marques

Goreti Marreiros
Rafael Martinez Tomas

Constantino Martins

Rolando Martins
Rubén Martin Garcia
Arturo Martinez
Rene Meier

Antonio Meireles
Ahlem Melouah
Imran Memon

Jose M. Molina
José Pascual Molina Masso
Elena Navarro
Maria Navarro
German Nemiorvskij
Jose Neves

Paulo Novais
Andrei Olaru
Miguel Oliver
Jaderick Pabico

Juan José Pantrigo Fernandez
Jose Manuel Pastor Garcia
Miguel Angel Patricio

Jodo Paulo Magalhides

Juan Pavéon

Hugo Peixoto

Organization

Philips Research, Netherlands

UL & IPv6 Forum, IOT subC, Luxembourg

Dipartimento di Informatica, University of Bari,
Italy

Aoyama Gakuin University, College of Science
and Technology, Japan

University of Salamanca, Spain

University of Salamanca, Spain

University of Minho, Portugal

ESTGF, Porto Polytechnic Institute, Portugal

University of Salamanca, Spain

Instituto Politécnico do Porto, Escola Superior de
Tecnologia da Satude do Porto, Portugal

ISEP/IPP-GECAD, Portugal

Universidad Nacional de Educacion a Distancia,
Spain

Knowledge Engineering and Decision Support
Research (GECAD), Institute of Engineering,
Polytechnic of Porto, Porto, Portugal

Universidad de Salamanca, Spain

University of Castilla-La Mancha, Spain

Lucerne University of Applied Sciences,
Switzerland

ISEP, Portugal

University of Annaba, Algeria

Zhejiang University, China

Universidad Carlos III de Madrid, Spain

Universidad de Castilla-La Mancha, Spain

University of Castilla-La Mancha, Spain

BISITE, Spain

Albstadt-Sigmaringen University, Germany

University of Minho, Portugal

University of Minho, Portugal

University Politehnica of Bucharest, Romania

Universidad Castilla-La Mancha, Spain

University of the Philippines Los Banos,
Philippines

Universidad Rey Juan Carlos, Spain

Universidad de Castilla-La Mancha, Spain

Universidad Carlos III de Madrid, Spain

ESTGF, Porto Polytechnic Institute, Portugal

Universidad Complutense de Madrid, Spain

University of Minho, Portugal



Organization
Antonio Pereira

Ruben Pereira

Antonio Piccinno
Antonio Pinto

Tiago Pinto

Filipe Portela

Isabel Praca

Javier Prieto

Francisco Prieto-Castrillo
Javier Pérez Marcos

Carlos Ramos

Jodo Ramos
Juan Ramos
Ricardo Rato

Rogério Reis
Alberto Rivas

Sara Rodriguez
Teresa Romao

Albert Ali Salah
Altino Sampaio

Altino Sampaio

Nayat Sanchez-Pi
Manuel Filipe Santos
Ricardo Santos

Ichiro Satoh

Enzo Pasquale Scilingo
Ali Shoker

Amin Shokri Gazafroudi
Fernando Silva

Fabio Silva

Rui Silva

S. Shyam Sundar

xi

Escola Superior de Tecnologia e Gestdo do
IPLeiria, Portugal

ISCTE, Portugal

University of Bari, Italy

ESTG, P.Porto, Portugal

University of Salamanca, Portugal

University of Minho, Portugal

GECAD/ISEP, Portugal

University of Salamanca, Spain

Massachusetts Institute of Technology, USA

BISITE Research Group, University
of Salamanca, Spain

Instituto Superior de Engenharia do Porto,
Portugal

University of Minho, Portugal

University of Salamanca, Spain

TAGUSPARK, OEIRAS, Av. Prof. Dr. Cavaco
Silva, 33, 2740-120 Porto Salvo, Portugal

University of Porto, Portugal

BISITE Research Group, University
of Salamanca, Spain

University of Salamanca, Spain

Faculdade de Ciéncias e
Tecnologia/Universidade NOVA de Lisboa
(FCT/UNL), Portugal

Bogazici University, Turkey

Instituto Politécnico do Porto, Escola Superior de
Tecnologia e Gestdo de Felgueiras, Portugal

Portugal

Universidade do Estado do Rio de Janeiro, Brazil

University of Minho, Portugal

Portugal

National Institute of Informatics, Japan

University of Pisa, Italy

HASLab, INESC TEC & University of Minho,
Portugal

Universidad de Salamanca, Spain

Department of Informatics Engineering; School
of Technology and Management; Polytechnic
Institute of Leiria, Portugal

University of Minho, Portugal

Lab UbiNET, Seguranc¢a Informatica
e Cibercrime/IPBeja, Portugal

Pennsylvania State University, USA,
and Sungkyunkwan University, Korea



xii

Miguel A. Teruel
Rafael Tomas

Radu-Daniel Vatavu
Jorge Vieira Da Silva

Lawrence Wai-Choong Wong
Ansar-Ul-Haque Yasar
Roberto Zangroniz

Roberto Zunino

José Ramon Alvarez-Sanchez

Organization

University of Castilla-La Mancha, Spain

Universidad Nacional de Educacién a Distancia,
Spain

University Stefan cel Mare of Suceava, Romania

MTA—Mobility, Ticketing and Applications—
Portugal

National University of Singapore, Singapore

Universiteit Hasselt, IMOB, Belgium

Universidad de Castilla-La Mancha, Spain

University of Trento, Italy

Universidad Nacional de Educacion a Distancia,
Spain

Organizing Committee Chairs

Antonio Fernandez-Caballero
Elena Navarro

Pascual Gonzalez

Davide Carneiro

University of Castilla-La Mancha, Spain

University of Castilla-La Mancha, Spain

University of Castilla-La Mancha, Spain

Intelligent Systems Laboratory, Universidade
do Minho, Portugal

Local Organization Committee

José Carlos Castillo
Beatriz Garcia-Martinez
Maria Teresa Lopez
Victor Lopez-Jaquero
Arturo Martinez-Rodrigo
José Pascual Molina
Francisco Montero
Encarnacion Moyano
Miguel Oliver

José Manuel Pastor
Miguel Angel Teruel
Francisco José Vigo Bustos

Universidad Carlos III de Madrid, Spain

Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain



Organization

Workshops

AM: Agents and Mobile Devices

Organizing Committee

Andrew Campbell
Gabriel Villarrubia
Javier Bajo

Program Committee

Antonio Juan Sanchez
Juan Francisco De Paz
Cristian Pinzoén
Montserrat Mateos
Luis Fernando Castillo
Miguel Angel Sanchez
Roberto Berjon
Encarnacion Beato
Fernando De la Prieta

Alvaro Lozano Murciego

Alvaro Loépez Barriuso

Dartmouth College, USA
University of Salamanca, Spain
Polytechnic University of Madrid, Spain

University of Salamanca, Spain
University of Salamanca, Spain
Technical University of Panama, Panama
Pontifical University of Salamanca, Spain
University of Caldas, Colombia

Indra, Spain

Pontifical University of Salamanca, Spain
Pontifical University of Salamanca, Spain
University of Salamanca, Spain
University of Salamanca, Spain
University of Salamanca, Spain

AlfeH: Ambient Intelligence for e-Healthcare

Organizing Committee

Antonio Fernandez-Caballero

Elena Navarro
Pascual Gonzalez

Program Committee

Jose Carlos Castillo
Javier Jaen

S. Shyam Sundar
Albert Salah

Jose Manuel Pastor
Jesus Favela

Sylvie RattE

Enzo Pasquale Scilingo

Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain

Universidad Carlos III de Madrid, Spain
Universitat Politécnica de Valencia, Spain
Sungkyunkwan University, Korea
Bogazici University, Turkey

Universidad de Castilla-La Mancha, Spain
CICESE, Mexico

Ecole de technologie supérieure, Canada
University of Pisa, Italy



Xiv
José Ramon Alvarez-Sanchez

José Ramon Alvarez-Sanchez
Rafael Martinez-Tomas

Tlias Maglogiannis
Julie Doyle
Bogdan Kwolek

Organization

Universidad Nacional de Educacion a Distancia,
Spain

Universidad Carlos III de Madrid, Spain

Universidad Nacional de Educacion a Distancia,
Spain

University of Piraeus, Greece

Dundalk Institute of Technology, Ireland

AGH University of Science and Technology,
Poland

BTS: Blockchain Technologies and Security

Organizing Committee
Antonio Pinto

Ricardo Costa

Program Committee

Afef Mdhaffar

Ali Shoker, Haslab
Altino Sampaio
André Zuquete

David G. Rosado
Hélder Gomes

Imran Memon

Jodo Paulo Magalhaes
Luis Coelho Antunes
Manuel Eduardo Correia
Manuel Barbosa
Massimo Bartoletti
Miguel Frade

Mario Antunes

Pedro Pinto

Ricardo Santos
Rogério Reis
Rolando Martins
Roberto Zunino
Rui Silva

Sami Albouq

Politécnico do Porto and CRACS & INESC TEC,
Portugal
Politécnico do Porto, Portugal

University of Sousse, Tunisia

INESC TEC, Portugal

Politécnico do Porto, Portugal

Universidade de Aveiro, Portugal

Universidad de Castilla-La Mancha, Spain

Universidade de Aveiro, Portugal

Zhejiang University, China

Politécnico do Porto, Portugal

Universidade do Porto, Portugal

Universidade do Porto, Portugal

Universidade do Porto, Portugal

University of Cagliari, Italy

Instituto Politécnico de Leiria, Portugal

Instituto Politécnico de Leiria, Portugal

Instituto Politécnico de Viana do Castelo,
Portugal

Politécnico do Porto, Portugal

Universidade do Porto, Portugal

Universidade do Porto, Portugal

University of Trento, Italy

Instituto Politécnico de Beja, Portugal

Oakland University, USA



Organization

Stefano Bistarelli
Satya Lokam
Sergii Kushch

University of Perugia, Italy
Microsoft Research, India
University of Salamanca, Spain

Ni-AF CiA: Non-intrusive Acquisition and Fusion of Context
Information in Ambient Intelligence

Organizing Committee

Davide Carneiro
Angelo Costa
José Carlos Castillo

Gabriel Villarrubia Gonzalez

Program Committee

Javier Pérez Marcos
Paulo Novais

Cesar Analide

Fabio Silva

Marco Gomes

Manuel Rodrigues
Sérgio Manuel Gongalves
Alvaro Castro Gonzalez
Fernando Martin Monar
Fernando Alonso Martin
Juan Alberola

Elena del Val

Jaume Jordan

Jaime Rincon

Instituto Politécnico do Porto, Portugal
Universidade do Minho, Portugal
Universidad Carlos III de Madrid, Spain
University of Salamanca, Spain

University of Salamanca, Spain
Universidade do Minho, Portugal
University of Minho, Portugal
Universidade do Minho, Portugal
Universidade do Minho, Portugal
Universidade do Minho, Portugal
Universidade do Minho, Portugal
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universidad de Castilla-La Mancha, Spain
Universitat Politécnica de Valéncia, Spain
Universitat Politécnica de Valéncia, Spain
Universitat Politécnica de Valéncia, Spain
Universitat Politécnica de Valéncia, Spain

TLAmIS: Teaching and Learning with Ambient Intelligence

Systems

Organizing Committee

Dalila Duraes

Juan Manuel Trujillo Torres

Julio Ruiz Palmero

Technical University of Madrid, Spain
University of Granada, Spain
University of Malaga, Spain

XV



XVi Organization

Program Committee

Angelo Costa University of Minho, Portugal

Anténio Costa University of Minho, Portugal

David Carneiro University of Minho, Portugal

Fabio Silva University of Minho, Portugal

Javier Bajo University of Politécnica de Madrid, Spain
Paulo Novais University of Minho, Portugal

Ricardo Costa Polytechnic of Porto, Portugal

Tiago Oliveira University of Minho, Portugal

Pilar Céceres University of Granada, Spain

Francisco Hinojo University of Granada, Spain

Rebeca Soler Costa University of Zaragoza, Spain

José Sanchez Rodriguez University of Malaga, Spain

Eduardo Chaves Barboza Universidad Nacional de Costa Rica, Costa Rica
Melchor Gémez Garcia Universidad Auténoma de Madrid, Spain

ISAMI 2018 Sponsors

University of Minho
School of Engineering




Organization

<©IEEE

SECCION XN

0

Xvii

< IEEE

IEEE Systems, Man and Cybernetics Society
Spain

INESCTEC



Acknowledgments

A special thanks to the editors of the workshops on:

Agents and Mobile Devices (AM)

Ambient Intelligence for e-Healthcare (AlfeH)

Blockchain Technologies and Security (BTS)

Non-intrusive Acquisition and Fusion of Context Information in Ambient
Intelligence (Ni-AFCiA)

e Teaching and Learning with Ambient Intelligence Systems (TLAmIS)

This event was partially supported by the project, “MOVIURBAN: Maquina
social para la gestion sostenible de ciudades inteligentes: movilidad urbana, datos
abiertos, sensores moviles; REF: SAQ70U 16”. The project is co-financed with
Junta Castilla y Leo6n, Consejeria de Educacion, and FEDER funds.

We want to thank all the sponsors of ISAmI 2018: IEEE Seccion Espaiia, CNRS,
AFIA, AEPIA, APPIA, AT*IA, and Junta de Castilla y Leon.

ISAmI 2018 would not have been possible without an active program com-
mittee. We would like to thank all the members for their time and useful comments
and recommendations.

We would like also to thank all the contributing authors and the local organizing
committee for their hard and highly valuable work.

Your work was essential to the success of ISAmI 2018.

XiX



Contents

Guimaries: Innovative and Engaged City . ... .......... .. ... .. .. 1
Ricardo Costa, Ricardo Machado, and Sérgio Gongalves

A Context-Awareness Approach to Tourism and Heritage

Routes Generation . . . ....... ... ... ... ... ... . ... ... 10
Carlos Ramos, Goreti Marreiros, Constantino Martins, Luiz Faria,

Luis Conceigao, Joss Santos, Luis Ferreira, Rodrigo Mesquita,

and Lucas Schwantes Lima

User-Guided System to Generate Spanish Popular Music ........... 24
Maria Navarro-Caceres, Matilde Olarte-Martinez, F. Amilcar Cardoso,
and Pedro Martins

Getting Residents Closer to Public Institutions Through Gamification... 33
Manuel Rodrigues, Vasco Monteiro, Paulo Novais, and César Analide

Monitoring Mental Stress Through Mouse Behaviour
and Decision-Making Patterns . .. ............................. 40
Filipe Gongalves, Davide Carneiro, José¢ Pégo, and Paulo Novais

Help Cateter: An Application for Mobile Device About Central
Venous Catheters Handling . . .. ........ ... ... ... ... .......... 48
Agnes Peruzzo Innocente, Eduardo Pooch, and Silvio César Cazella

Distributed Management of Traffic Intersections . . . .. ............. 56
Cesar L. Gonzalez, Jorge L. Zapotecatl, J. M. Alberola, V. Julian,
and C. Gershenson

Public Building Energy Efficiency - An IoT Approach.......... .... 65
Catarina Santos, Joao C. Ferreira, Vasco Rato, and Ricardo Resende

Visual Recognition of Gestures in a Meeting to Detect When
Documents Being Talked About Are Missing. . . .................. 73
Hugo Tovar Lopez and John Dowell

XXi



XXii Contents

EUD4SH: A EUD Model for the Smart Home . . . ... .............. 86
Danilo Caivano, Fabio Cassano, Daniela Fogli, and Antonio Piccinno
Detecting Activities of Daily Living Using the CONSERT Engine . . . . . 94

Mihai Trascau, Alexandru Sorici, and Adina Florea

Comparative Results with Unsupervised Techniques in Cyber

Attack Novelty Detection ... ................................. 103
Jorge Meira, Rui Andrade, Isabel Praca, Jodo Carneiro,

and Goreti Marreiros

Extracting Clinical Information from Electronic Medical Records. . . . . 113
Manuel Lamy, Ruben Pereira, Jodo C. Ferreira, José Braga Vasconcelos,
Fernando Melo, and Iria Velez

Time Orientation Training in AAL . ........................... 121
M. A. Guillomia, J. I. Artigas, and J. L. Falc6

Real Time Object Detection and Tracking . . .. ......... ... ... .. .. 129
Daria Baikova, Rui Maia, Pedro Santos, Jodo Ferreira, and Jodo Oliveira

Predictive Analysis in Healthcare: Emergency Wait Time Prediction ... 138
Filipe Gongalves, Ruben Pereira, Jodo Ferreira, José Braga Vasconcelos,
Fernando Melo, and Iria Velez

A Robotic Haptic Feedback Device for Immersive Virtual

Reality Applications . . . .......... ... .. .. ... 146
Keren Jiang, Xinlei Piao, Mohammed Al-Sada, Thomas Hoglund,

Shubhankar Ranade, and Tatsuo Nakajima

Personalized Hybrid Recommendations for Daily Activities
in a Tourist Destination . . . ... ........... .. ... .. .. .. ......... 155
Tahir Majeed, Aline E. Stimpfli, Andreas Liebrich, and René Meier

Monitoring Rehabilitation Process Using Microsoft Kinect . ......... 166
Miguel A. Laguna and Irene Lavin

Context-Awareness and Uncertainty: Current Scenario
and Challenges for the Future . . ... ... ... ... .. ... .......... 174
Leandro O. Freitas, Pedro R. Henriques, and Paulo Novais

Urban Mobility: Mobile Crowdsensing Applications . .............. 182
Jodo Simdes, Rui Gomes, Ana Alves, and Jorge Bernardino

Sensorized Toys to Identify the Early ‘Red Flags’ of Autistic

Spectrum Disorders in Preschoolers. . . .. ....................... 190
Marco Lanini, Mariasole Bondioli, Antonio Narzisi, Susanna Pelagatti,

and Stefano Chessa



Contents XXiii

Making Ambient Music Interactive Based on Ubiquitous
Computing Technologies . ................................... 199
Yukiko Kinoshita and Tatsuo Nakajima

Perceptions of Shared Leadership Through ICT in Secondary

Schools in the City of Melilla . . . .. ............................ 208
Antonio Campos Soto, Inmaculada Aznar Diaz,

Antonio-Manuel Rodriguez-Garcia, and Carmen Rodriguez Jiménez

A Multi-agent System Using Fuzzy Logic Applied to eHealth ... ... .. 216
Afonso B. L. Neto, Jodao P. B. Andrade, Tibério C. J. Loureiro,
Gustavo A. L. de Campos, and Marcial P. Fernandez

Medical Digital Library Tool . ... ... ...... ... ... ........... 224
T. Pereira, C. Martins, A. Almeida, N. Fonseca, L. Faria,
and J. A. Lopes-Santos

Find_Me: IoT Indoor Guidance System . . . ...................... 231
Stuart Martinho, Jodo Ferreira, and Ricardo Resende

m-Health Application for Infection Control and Prevention

Focused on Healthcare Professionals . ... ....................... 239
Ariane Baptista Monteiro, Luzia Fernandes Millao,

fcaro Maia Santos de Castro, Silvio César Cazella,

Rita Catalina Aquino Caregnato, and Karin Viegas

Vessel Trajectories Outliers . . ................................ 247
Tomas Machado, Rui Maia, Pedro Santos, and Joao Ferreira

Testing a New Methodology for Accelerating the Computation

of Quadratic Sample Entropy in Emotion Recognition Systems. . . . . .. 256
Arturo Martinez-Rodrigo, Beatriz Garcia-Martinez,

Antonio Fernandez-Caballero, and Raul Alcaraz

Picking Cubes: A Rehabilitation Tool for Improving the

Rehabilitation of Gross Manual Dexterity .. ..................... 265
Miguel A. Teruel, Ana de los Reyes-Guzman, Juan Villanueva,

Vicente Lozano-Berrio, Maria Alvarez-Rodriguez,

Silvia Ceruelo-Abajo, Elena Navarro, and Pascual Gonzalez

Multilag Extension of Quadratic Sample Entropy for Distress

Recognition with EEG Recordings . . .. ......................... 274
Beatriz Garcia-Martinez, Arturo Martinez-Rodrigo,

Antonio Fernandez-Caballero, and Raul Alcaraz

A Customizable Game-Inspired Application for Memory Stimulation . .. 282
Rodrigo Rocha, Davide Carneiro, Ana P. Pinheiro, and Paulo Novais



XXiv Contents

An Innovative Tool to Get Better at Expressing Facial Emotions . . . .. 290
Arturo S. Garcia, Pascual Gonzalez, Antonio Fernandez-Caballero,
and Elena Navarro

Situational-Context for Virtually Modeling the Elderly . ............ 298
Jose Garcia-Alonso, Javier Berrocal, Juan M. Murillo, David Mendes,
Cesar Fonseca, and Manuel Lopes

Towards the Design of Avatar-Based Therapies for Enhancing

Facial Affect Recognition . ... ......... ... ... ... .. ........... 306
Arturo S. Garcia, Elena Navarro, Antonio Fernandez-Caballero,

and Pascual Gonzalez

On the Feasibility of Blockchain for Online Surveys
with Reputation and Informed Consent Support . .. ............... 314
Hélder Ribeiro de Sousa and Anténio Pinto

On the Use of the Blockchain Technology in Electronic
Voting Systems . . . . . ... ... .. . 323
Jodo Alves and Anténio Pinto

Industry 4.0 Multi-agent System Based Knowledge Representation
Through Blockchain. . ...................................... 331
Pedro Pinheiro, Ricardo Santos, and Ricardo Barbosa

On the Interoperability of European National Identity Cards . . . . .. .. 338
Abubakar-sadiq Shehu, Antonio Pinto, and Manuel E. Correia

The Usage of an Intelligent Virtual Sensor as a Form of
Approximation to the Final Consumer . . . .. ..................... 349
Mario Macedo, Ricardo Barbosa, and Ricardo Santos

A Framework to Improve Data Collection and Promote Usability . . . . . 357
Davide Carneiro and Albertino Vieira

MyDentist: Making Children with Autism Familiar with Dental Care. .. 365
Mariasole Bondioli, Maria Claudia Buzzi, Marina Buzzi, Maria Rita Giuca,
Francesca Pardossi, Susanna Pelagatti, Valentina Semucci,

Caterina Senette, Fabio Uscidda, and Benedetta Vagelli

Analysis of the Use of ICT in Compulsory Bilingual Secondary

Education in Andalusia Public Schools. Case Study . . . ............. 373
Pilar Maldonado-Manso, Julio Ruiz-Palmero, Melchor Gomez-Garcia,

and Roberto Soto-Varela

Personal Learning Environments (PLE) on the Bachelor’s Degree

in Early Education at the University of Granada. . . . . ............. 381
Eduardo Chaves-Barboza, Juan Manuel Trujillo-Torres,

Francisco Javier Hinojo-Lucena, and Pilar Céceres-Reche



Contents XXV

Supervising Attention in an E-Learning System. . ... ..... .. ... .. .. 389
Dalila Duraes, Javier Bajo, and Paulo Novais

Platform for Indexing Music Albums Based on Augmented

Reality Techniques and Multi-agent Systems . . ... ................ 397
Ma Angeles Mufioz, Daniel H. de la Iglesia, Gabriel Villarrubia Gonzalez,

Juan F. de Paz, Alvaro Lozano, and Alberto L. Barriuso

Prediction System for the Management of Bicycle Sharing Systems. . .. 405
Juan F. De Paz, Gabriel Villarrubia, Ana B. Gil, Angel L. Sanchez,
Vivian F. Lopez, and M. Dolores Mufoz

Author Index. . . ... .. .. . ... 411



®

Check for
updates

Guimaraes: Innovative and Engaged City

Ricardo Costa, Ricardo Machado@), and Sérgio Gongalves

Camara Municipal de Guimaries, Lg. Cénego José Maria Gomes, 4804-534 Guimardes, Portugal
{Ricardo.costa,ricardo.machado, sergio.goncalves}@cm-guimaraes.pt

Abstract. This paper addresses the theme of smart cities and all their influence
on citizens. The concept of intelligent city is diverse, as it is influenced by the
different technologies and solutions that provide citizens well-being. The solu-
tions presented intend to go beyond the smart city definition, focusing on issues
of citizen engagement, commitment and participation, walking towards the happy
city definition. Artificial Intelligence, Cognitive Computing and IoT as basis for
integrating innovative solutions.
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1 Introduction

More than half the population (54%) of the planet Earth lives today in urban areas. It is
estimated that by 2050, 66% of the world’s population lives in urban areas [1] and many
of these urban areas of these urban areas are modern cities that face ever more challenges
and opportunities because of this. Thus, all of us, as citizens and human beings, are
increasingly observing an evolution of information technologies exponentially since the
beginning of the 21st century using more and more information technologies to commu-
nicate and interact with the world around us, we are thus “techno-logical beings.”

A smart city uses information and communication technologies to improve the
quality and performance of urban services, reduce costs and consume resources, but the
most important thing is to engage more efficiently and actively with their citizens [2].

Through the combination of new technologies with the need to make cities more
efficient and dynamic, citizen participation becomes vital to make cities more self-
sustaining, that is, greater involvement of citizens in data collection and in providing
support for specific tasks and the cooperation of human communities at the intellectual
level to respond to challenges or to resolve certain more complex contexts [3].

A smart city implies intensive high technology and an advanced city that connects
people, information and resources of the city using the new technologies in order to
create a sustainable, competitive and innovative city for a recovery of the quality of life
through a simple administration and efficient maintenance [4].

In the abstract thought, we can say that a smart city is a smart community, that is, a
community where government, business, and residents understand the potential of
information technology and make conscious decisions to make technology change their
lives in a meaningful and positive way [5].
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It’s perfectly clear that the initiatives of an intelligent city are based on the improved
functioning of urban performance through the use of data, information and information
technologies that provide efficient services to its citizens [6].

Being a Smart City is to be a city open to citizens, businesses, science, innovation
and the future. The Guimardes Smart City strategy has framed these different perspec-
tives. The initiatives in Guimaraes testify to this. The adhesion, reception, participation
of both companies and academia, as well as the citizens and their associations are a
manifestation of this.

This paper follows an organic orientation, allied to a thread that demonstrates city
profile aligning it with innovation policies. The city presentation section, reveals that
Guimaraes has a strong momentum for innovation digital and smart city strategy and
Industry 4.0.

The innovative and engaged city chapter shows that Guimaraes is developing an
integrated strategy as a digital and smart sustainable city. The basis for this strategy
relies on city engagement and citizen participation concepts.

2  Guimaraes a Smarter City

With a strong focus on the requalification of its territory and heritage, Guimardes is
recognized as the birthplace of nationality and plays a central role in the history of the
construction of Portugal, is internationally recognized as an example in the rehabilitation
and preservation of its Historic Centre, having been distinguished in 2001 as Cultural
Heritage of Humanity by UNESCO.

In 2012, Guimar@es had the opportunity to show the world its history and culture,
after being selected as European Capital of Culture. In the same year Guimaraes obtained
the Perfect City Award in connectivity and innovation promoted by Siemens and Vision
Magazine. In 2013 received another distinction, as European City of Sport, the first in
Portugal, a year where, in addition to promoting sports practice, it encouraged its citizens
to become healthier, increasing their quality of life. In 2017 Guimardes was award wit
ACEPI Navegantes XXI - Best Digital City Award, the Most Sustainable City in
Portugal award.

The creation of a Mission Structure for Guimardes Sustainable linked City Hall,
Universities, Institutions and people, resulting in an action plan for sustainable devel-
opment, under the initiative of the Covenant of Mayors, has indelibly marked our future.
Today, this is the hallmark of local political and governmental action - that institutions
replicate and citizens interiorize on a daily basis —its purpose being to construct a greener
and more sustainable territory. In 2017 Guimaraes was considered, the most sustainable
city in Portugal combining economic development with greening policies. In fact the
City’s Footprint calculation showed that Guimaraes is becoming richer, greener and
more sustainable.

With projects like “Guimaraes Marca” that was launched to promote local industry
internationally, by associating it to cultural heritage and environmental sustainability,
Guimaraes is becoming one of the most enterprising, innovative and industrial cities in
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Portugal, showing a growth rate of around 10% and placing it in has fifth largest national
exporter.

With this three vectors in mind, Guimaraes has an objective of creating an incubator
for the industry, creating a business development center for new entrepreneurs and
industries wishing to develop innovative ideas, to work at the intersection between
innovation and entrepreneurship by supporting industrial growth based on the added
value of innovative ideas, to support technological startups and the industry, to work in
the transformation of ideas into products and in the development of products and the
scale-up phases. On the other hand, Guimaraes industry incubator, wants to contribute
to innovation in industry, creating laboratories open to universities and companies, with
the objective of developing new ecosystems, helping to create new forms and method-
ologies for design and development, certification and manufacturing of materials and
processes industries.

Energy efficiency measures also takes part of Guimaraes vision. With the process of
developing a Smart City strategy, to be submitted under H2020, Guimaraes desires to
leverage energy efficiency projects, like DREAM application that aims reduction of the
use of fossil fuels, use of smart grids, efficient public lighting, among others, helping
our city to develop and build on its strategic priorities. The Smart City strategy goal is
to demonstrate district-wide solutions integrating smart homes and buildings, smart
grids, energy storage, electric vehicles and intelligent charging infrastructures as well
as the latest generation of ICT platforms based on open specifications. This is accom-
panied by energy efficiency measures and the use of large amounts of renewables at
district level aiming to facilitate a successful transformation towards intelligent, user-
oriented and demand-driven infrastructures and city services.

This strategy was designed with the objective of achieving sustainable development
in the social, environmental and economic spheres. Thus, it attempts to identify, develop
and enable the replication of balanced and integrated solutions. In order to manage the
lines of action of the strategy, it was divided into three pillars depending on each other,
namely: Structure, movement and environment. Guimaraes digital strategy also targets
problems that involve citizens, giving the opportunity for their voices to be heard by
decision makers.

3 Innovative and Engaged City

3.1 Innovative City

Guimardes has now a strong momentum for innovation and digital & smart strategy.
This strategy aims to provide a sophisticated and technological innovation initiatives as
a way to establish the common points so that, through them, it can emerge a better
governance and dialogue with citizens in which urban reinvention, mobilization, equity,
initiative, diversity, integration, attractiveness, investment and growth are the success
factors. This allows the creation of policies and regulations, attracting investment,
promoting the interest of potential stakeholders for the developing and continuously
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revitalizing economic growth. Thus, the objective of achieving inclusion through partic-
ipation in all spheres of initiative, brings benefits to the city and to improving its
cohesion, involving citizens and making cities more resilient.

In the other hand, the Eco-Innovation and circular economy program demonstrates
the city’s ability to reinvent itself even in times of crisis. This was achieved in the last
five years, with the implementation of several innovative projects targeted at the
management of the territory, cooperation and sharing of knowledge along with the
definition of priorities based on sustainability and innovation (Fig. 1).
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Fig. 1 Innovation ecosystem

Guimaraes was able to prepare infrastructures for the future and to align itself with
the new European policies for the protection of the environment: DREAM H2020
candidacy, Gymnastics Academy, Guimardes for Circular Economy and R&D projects
funded by PORTUGAL 2020 aiming to deal with waste on a large scale trough an
integrated consortium of which the Guimaraes Municipality is a part of.

With focus in all entrepreneurs who have an idea or business plan in a rural-based
economic activity and who want to implement it in the county, Guimardes has created
a Rural Base Incubator, which is a support service to early stage startups or companies
especially dedicated to rural-based initiatives such as agriculture, agro industry, forestry
or other services and technologies.

The City Hall promotes an Ecosystem of Innovation and Entrepreneurship, through
the incubation of creative companies and industries in the so-called Creative Labs, or
through the direct management of AvePark-Science and Technology Park, that includes:
Discoveries Centre for Regeneration and Precision Medicine and Spin-off Park of Minho
University among others.

Guimaraes is a case study on this by the first joint strategy for preventive conservation
of built cultural heritage within the South-West Europe Heritage care promoted by
Institute for Science and Innovation for Bio-Sustainability.

It promotes knowledge transfer by being a strategic partner in Minho University
center for technology transfer, as well as for the advanced qualification of employment
in the region, setting up several cooperative projects.
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In 2014, Guimaraes created the Association for Sustainable Development - Land-
scape Laboratory, in partnership with two Universities. This R&D center, unique in the
country — promotes knowledge and innovation, research and scientific dissemination in:
Ecology, Hydraulics, Geography and Urban Environment, thus contributing to an inte-
grated action for environmental policies and Sustainable Development.

Today, it is also a center of excellence in environmental education, also being the
coordinator of PEGADAS (Education Project for Environmental Sustainability), head-
quarters the Mission Structure and promotes “Guimardes mais Verde” commitment.

Guimaraes innovation ecosystem relies on knowledge as the driver for development.
Therefore it is the municipality goal to improve the quality of life and urban environment,
attractiveness (talent, resources, ideas, innovation, jobs, and entrepreneurship), open-
ness to innovation, fostering creativeness, quality of public services, security and safety
of public realm, intra-community dialog as keystones of success for the city. This can
only be possible with an integrated approach supported by a solid strategy namely at the
digital level.

Under transformation — at micro scale, every time a city function is transformed or
upgraded — value is generated and innovation opportunities are fostered. Generating
value from transformation makes cities to be an active (and not passive as in past)
generator of economic added-value. Relying on innovation to achieve those urban func-
tions transformations, cities are also providing industry, services and business with new
opportunities of offering communities solutions that add even more value. This double
added value generates economic growth acceleration and simultaneously consolidates
the sustainability of increasing quality of life standards — for all citizens and needs.

For that reason, it has become clearer the importance of making research results more
accessible to all, contributing to better and more efficient data, and to innovation in the
public sector. With the innovation ecosystem along with a strong digital strategy
including ICT tools, networks and media Guimaraes will be able to be even more open,
global, collaborative, creative and closer to society, which means more reproducibility,
more transparency and more impact. This can be achieved with a process based on
cooperative work and new ways of diffusing knowledge by using digital technologies
and new collaborative tools.

3.2 Engaged City

Guimaraes engaged city initiatives intends to plan, organize and implement municipal
policies in urban and public space, social and community intervention, education, envi-
ronment, culture and sport, providing services to citizens. In order to bring citizens
closer, Guimaraes created a set of digital initiatives [7], pointed towards transparency,
simplicity and speed of access to the services provided by the municipality.

Making use of pioneering services, this ecosystem values the proximity relationship
with citizens, reinforcing citizen interactivity, granting them tools to have access to the
municipal services without having to go to the City Hall building.

Guimaraes engaged city objective is to develop innovative technological solutions
and digital/social innovations, which tackle challenges faced by the daily difficulties of
our citizens.
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This framework is based on four important dimensions: social, digital, mobility and
environment. This vectors should take benefits from technology, such as efficient and
effective public services, innovation, sustainable growth, energy efficiency, environ-
mental strategy, circular economy, optimization and efficient management process,
better mobility solutions and better living environments for everyone, addressing and
prioritizing it to real community problems and citizen’s empowerment.

Ensuring that a digital maturated government is the future, and the use of electronic
communications devices, computers and the Internet to provide public services to citi-
zens, this framework intents to use digital interactions between a citizen and government
to create a pioneer model that can be broken down into the following initiatives:

Guimaraes a Boleia is a free car sharing platform that aims to contribute to a better
environment, shaping the future of transportation, enabling users to gain short-term
access to transportation on an as-needed basis, allowing citizens significant savings in
mobility costs and gain a number of benefits, reducing costs related to transportation,
decreasing the amount of time wasted trying to find park and allowing fewer cars to
circulate on roads and consequently fewer CO2 emissions into the atmosphere.

Guimaraes Wi-Fi, is a network of internet propagation, offering free access, with
user registration, emerging as an innovation for the future, towards citizens and urban
innovation. This project goals are to implement a set of state-of-the-art technological
solutions related to the Wi-Fi network technologies in an urban context, making them
accessible to citizens and tourists. In phase one, 23 hotspots were already implemented,
covering the main areas of public interest, in phase two, Guimardes Wi-Fi will imple-
ment 20 more hotspots, covering more areas and extending the scope to the 9 villages
(Fig. 2).

o

GUIMARAES WIFI 1.0 [ GUIMARAES WIFI 2.0 @ GUIMARAES WIFI 2.0 - Access Points

Fig. 2 Guimardes Wi-Fi coverage area

MyCity platform is a web and mobile service that revolutionizes the notification and
occurrence management process, allowing citizens to report the most varied situations
related to the city public spaces. This model of civic participation enables citizen
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involvement in municipality management, allowing it to consult the evolution, follow
up and be notified when occurrence status changed.

Biodiversity GO! it’s a web and mobile platform, that aims to involve the entire
community, both in conservation and in promoting the natural heritage of Guimaraes,
thus contributing to environment. It aims to engage the entire community, with a citizen-
science concept it intends to catalogue and preserve the existing biodiversity helping
the construction of the Guimaraes Biodiversity Database.

Guimaraes Mobitur is a mobile application that accompanies visitors in a visit to
the city of Guimaraes. With a radar navigation based on the current location, it provides
a selection of points of interest and events in an interactive and different way. The new
already in progress version will perceive the movement of users in physical space, inte-
grating time-based georeferenced data monitoring framework providing a powerful tool
in the decision-making processes of analysis, planning and tourism management [8].

E-paper is a dematerialization of urban operations, procedures and processes plat-
form. E-paper gives citizens the possible to present in digital format, requirements/
communications of allotment operations, urbanization processes, construction or demo-
lition authorizations and other relevant licenses/authorizations.

Guimaraes 3000, it’s the first European project in the permanent elderly monitoring
that aims to cover all the isolation situations identified in the “Guimardes 65+ program
that aims to reduce sense of isolation, and increase the safety and active solidarity of
elderly living alone. Provided with mobile communication and equipped with an SOS
system, this device accompanies elderly promoting quality of life and well-being [9]
(Fig. 3).
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Fig. 3 Guimardes 3000 system

Allparking system is a cooperation project with Guimaraes Municipality and Quad-
rilatero Urbano, and consists on the installation of different parking sensors, which
enables the collection of a large amount of information that can be used to improve
mobility and quality of service, while at the same time raising the quality of life of
citizens.



