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Preface

Welcome to the 20th International Conference on Hybrid Intelligent Systems (HIS
2020) and the 12th World Congress on Nature and Biologically Inspired
Computing (NaBIC 2020) held in the World Wide Web during December 14–16,
2020. In 2020, HIS and NaBIC were held at Bhopal and Hyderabad, respectively.

Hybridization of intelligent systems is a promising research field of modern
artificial/computational intelligence concerned with the development of the next
generation of intelligent systems. A fundamental stimulus to the investigations of
hybrid intelligent systems (HISs) is the awareness in the academic communities that
combined approaches will be necessary if the remaining tough problems in com-
putational intelligence are to be solved. Recently, hybrid intelligent systems are
getting popular due to their capabilities in handling several real-world complexities
involving imprecision, uncertainty, and vagueness. HIS 2020 received submissions
from 22 countries, and each paper was reviewed by at least five reviewers in a
standard peer-review process. Based on the recommendation by five independent
referees, finally fifty-eight papers were presented during the conference (acceptance
rate of 37%).

Nature and Biologically Inspired Computing brings together international
researchers, developers, practitioners, and users. NaBIC invited authors to submit
their original and unpublished work that demonstrates current research in all areas
of Nature and Biologically Inspired Computing, as well as industrial presentations,
demonstrations, and tutorials. NaBIC 2020 received submissions from twelve
countries, and each paper was reviewed by at least five reviewers in a standard
peer-review process. Based on the recommendation by five independent referees,
finally twenty papers will be presented during the conference (acceptance rate of
30%).

Many people have collaborated and worked hard to produce this year successful
HIS–NaBIC conferences. First and foremost, we would like to thank all the authors
for submitting their papers to the conference, for their presentations and discussions
during the conference. Our thanks to the program committee members and
reviewers, who carried out the most difficult work by carefully evaluating the
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submitted papers. Our special thanks to the following plenary speakers, for their
exciting plenary talks:

• Prof. Dr. Sushmita Mitra, Indian Statistical Institute, Kolkata, India
• Prof. Dr. Bassem Jarboui, Sfax University, Tunisia
• Prof. Dr. Tzung-Pei Hong, National University of Kaohsiung, Taiwan
• Prof. Dr. André Rossi, Université Paris-Dauphine, France
• Prof. Dr. Amine Nait-Ali, University Paris-Est Créteil, France
• Dr. Rudy A. Oude Vrielink, University of Twente & TwiQel, Netherlands
• Prof. Dr. Frederico Gadelha Guimaraes, Federal U. of Minas Gerais, Brazil
• Prof. Dr. Fakhri Karray, University of Waterloo, Canada
• Prof. Dr. Saman K. Halgamuge, University of Melbourne, Australia
• Prof. Dr. Salvador García, University of Granada, Granada, Spain
• Prof. Dr. Vincenzo Piuri, Università degli Studi di Milano, Italy
• Prof. Dr. Dries F. Benoit, Ghent University, Belgium
• Prof. Dr. Dijiang Huang, Arizona State University, USA
• Prof. Dr. Ketan Kotecha, Symbiosis Institute of Technology, India
• Prof. Dr. Sheela Ramanna, University of Winnipeg, Canada

Our special thanks to the Springer Publication team for the wonderful support
for the publication of this proceedings. We express our sincere thanks to the session
chairs and organizing committee chairs for helping us to formulate a rich technical
program. We express our sincere thanks to the organizing committee chairs for
helping us to formulate a rich technical program. Enjoy reading the articles!

Ajith Abraham
Thomas Hanne
Oscar Castillo

Tatiane Nogueira Rios
Tzung-Pei Hong
Niketa Gandhi

Kun Ma

vi Preface



HIS–NaBIC 2020 Organization

General Chairs

Ajith Abraham Machine Intelligence Research Labs (MIR Labs),
USA

Thomas Hanne University of Applied Sciences and Arts
Northwestern Switzerland, Switzerland

Oscar Castillo Tijuana Institute Technology, Mexico

Program Chairs
Tatiane Nogueira Rios Universidade Federal da Bahia, Brazil
Tzung-Pei Hong National University of Kaohsiung, Taiwan

Publication Chairs
Niketa Gandhi Machine Intelligence Research Labs, USA
Kun Ma University of Jinan, China

Publicity Chairs
Jyotshna Dongardive University of Mumbai, India
Pooja Manghirmalani Mishra University of Mumbai, India

International Program Committee
Adrien Brilhault Université de Toulouse, France
Bruno Silva Federal University of Ceará, Brazil
C. Alberto Ochoa-Zezatti Universidad Autónoma de Ciudad Juárez,

Mexico
Carlos Pereira ISEC, Portugal

vii



Efrén Mezura-Montes University of Veracruz, Mexico
Elizabeth Goldbarg Federal University of Rio Grande do Norte,

Brazil
Frantisek Zboril Brno University of Technology, Czech Republic
Gloria Cerasela Crisan Vasile Alecsandri University of Bacau, Romania
Isabel S. Jesus Instituto Superior de Engenharia do Porto,

Portugal
János Botzheim Budapest University of Technology

and Economics, Hungary
Jolanta Mizera-Pietraszko Opole University, Poland
José Everardo Bessa Maia State University of Ceará, Brazil
José Raúl Romero University of Córdoba, Spain
José Yaír Guzmán-Gaspar Universidad Veracruzana, Mexico
Jyotshna Dongardive University of Mumbai, India
Kaushik Das Sharma University of Calcutta, India
Lee Chang-Yong Kongju National University, South Korea
Mansi Sharma Indian Institute of Technology Delhi, India
Mario Giovanni University of Pisa, Italy
Matheus Menezes Universidade Federal Rural do Semi-Árido,

Brazil
Niketa Gandhi Machine Intelligence Research Labs (MIR Labs),

USA
Octavio Ramos Universidad Veracruzana, Mexico
Oscar Castillo Tijuana Institute Technology, Mexico
Patrick Siarry Université Paris-Est Créteil, France
Paulo Moura Oliveira UTAD University, Portugal
Petala Estrela UFBA, Salvador
Pooja Manghirmalani Mishra University of Mumbai, India
Radu-Emil Precup Politehnica University of Timisoara, Romania
Rafael Barbudo Lunar University of Córdoba, Spain
Ricardo Rios Universidade Federal da Bahia, Brazil
Romerito Campos Federal University of Rio Grande do Norte,

Brazil
Sidemar Fideles Cezario Federal University of Rio Grande do Norte,

Brazil
Sílvia M. D. M. Maia Universidade Federal do Rio Grande do Norte,

Brazil
Simone Ludwig North Dakota State University, USA
Subodh Deolekar REDx Innovation Lab WeSchool, India
Tatiane Nogueira Universidade Federal da Bahia, Brazil
Thiago Soares Marques Federal University of Juiz de Fora, Brazil
Thomas Hanne University of Applied Sciences Northwestern

Switzerland, Switzerland

viii HIS–NaBIC 2020 Organization



Tzung-Pei Hong National University of Kaohsiung, Taiwan
Varun Ojha University of Reading, UK
Xochitl Siordia Universidad Veracruzana, Mexico

HIS–NaBIC 2020 Organization ix



Contents

Vertical Interior Distance Ratio to Minimum Bounding Rectangle
of a Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Zekun Li, Baolong Guo, Xia Ren, and N. N. Liao

Auto-Encoder Based Wavelet and Extreme Learning Machine
for Face Recognition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Mariem Kadri, Salwa Said, and Ridha Ejbali

Sparse Wavelet Auto-encoder for Covid-19 Cases Identification . . . . . . 22
Houda Lazrag, Ramzi Ben Ali, and Ridha Ejbali

Design Guide Prediction Model for the Legal
Interactions (GPM-LI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Ghydaa Kadhum and Samaher Al-Janabi

Unsupervised Image Segmentation Using THMRF Model . . . . . . . . . . . 41
Zitouni Mouna, Zribi Mourad, and Masmoudi Afif

Maximizing an Organization’s Operating Enactment in the Areas
of Planning and Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Sajid Ahmed Mohamed and Kinslin Devaraj

Accent and Gender Recognition from English Language Speech
and Audio Using Signal Processing and Deep Learning . . . . . . . . . . . . . 62
Jagjeevan Singh Shergill, Chandresh Pravin, and Varun Ojha

Improved Path Planning with Memory Efficient A* Algorithm
and Optimization of Narrow Passages . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Lukas Weber, Rolf Dornberger, and Thomas Hanne

Intelligent Mobile Application to Determine the Existence
of Medicines Associated with COVID-19 in a Social Network
of Medical Dispensaries in a Smart City . . . . . . . . . . . . . . . . . . . . . . . . 85
Marco Julio Del Moral-Argumedo, Alberto Ochoa-Zezzatti,
and Alberto Aguilar-Lasserre

xi



NoSQL Data Lake: A Big Data Source from Social Media . . . . . . . . . . 93
Hichem Dabbèchi, Nahla Zaaboub Haddar, Haytham Elghazel,
and Kais Haddar

Text Classification Using Convolution Neural Networks
with FastText Embedding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Md. Rajib Hossain, Mohammed Moshiul Hoque, and Iqbal H. Sarker

Deep Convolutional Neural Network Based on Wavelet Transform
for Super Image Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Nesrine Chaibi, Asma Eladel, and Mourad Zaied

Optimizing Instance Selection Strategies in Interactive Machine
Learning: An Application to Fraud Detection . . . . . . . . . . . . . . . . . . . . 124
Davide Carneiro, Miguel Guimarães, and Miguel Sousa

Building IoT Analytics and Machine Learning with Open Source
Software for Prediction of Environmental Data . . . . . . . . . . . . . . . . . . . 134
Ha Duyen Trung, Nguyen Xuan Dung, and Nguyen Huu Trung

ANFIS-Based Inverse Kinematics and Forward Dynamics of 3 DOF
Serial Manipulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
Deepak Deshmukh, Dilip Kumar Pratihar, Alok Kanti Deb, Hena Ray,
and Alokesh Ghosh

Design and Development of Intelligent Pesticide Spraying System
for Agricultural Robot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Deepak Deshmukh, Dilip Kumar Pratihar, Alok Kanti Deb, Hena Ray,
and Nabarun Bhattacharyya

Solving Dynamic Bag-of-Tasks Scheduling Problem
in Heterogeneous Multi-cloud Environment Using Hybrid
Bi-Level Optimization Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Mouna Karaja, Meriem Ennigrou, and Lamjed Ben Said

Caching Mechanisms Evolution in CCN Architectures . . . . . . . . . . . . . 181
Amna Fekih, Sonia Gaied Fantar, and Habib Youssef

SentiLSTM: A Deep Learning Approach for Sentiment
Analysis of Restaurant Reviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Eftekhar Hossain, Omar Sharif, Mohammed Moshiul Hoque,
and Iqbal H. Sarker

Characterizing Antennas’ Radiation Pattern Using Bernoulli
Lemniscates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Wissal Attaoui, Essaid Sabir, and Elmehdi Amhoud

Analysis of Metaheuristics Feature Selection Algorithm
for Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214
Samuel-Soma M. Ajibade, Nor Bahiah Binti Ahmad, and Anazida Zainal

xii Contents



Hybrid Genetic Algorithms to Solve the Traveling
Salesman Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
Dejan Trifunovic, Janic Mathias Istanto, Thomas Hanne,
and Rolf Dornberger

Hybridization of Adaboost with Random Forest for Real-Time
Prediction of Online Shoppers’ Purchasing Intention . . . . . . . . . . . . . . . 234
Karim Baati

Change Detection in Satellite Imagery: A Multi-label Approach Using
Convolutional Neural Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 242
Anurag Priyadarshi and Pramod Kumar Singh

Inverse Neural Control of a Magnetic Levitation System:
Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253
Bruno E. Silva and Ramiro S. Barbosa

COVID-19 Detection Using Deep Learning . . . . . . . . . . . . . . . . . . . . . . 263
K. R. Madhavi, G. Madhavi, C. V. Krishnaveni, and Padmavathi Kora

An Isolation Forest Learning Based Outlier Detection Approach
for Effectively Classifying Cyber Anomalies . . . . . . . . . . . . . . . . . . . . . . 270
Rony Chowdhury Ripan, Iqbal H. Sarker, Md Musfique Anwar,
Md. Hasan Furhad, Fazle Rahat, Mohammed Moshiul Hoque,
and Muhammad Sarfraz

An Effective Heart Disease Prediction Model Based on Machine
Learning Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Rony Chowdhury Ripan, Iqbal H. Sarker, Md. Hasan Furhad,
Md Musfique Anwar, and Mohammed Moshiul Hoque

Optimal Design of Fuzzy Controllers Using
the Multiverse Optimizer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Lucio Amézquita, Oscar Castillo, José Soria,
and Prometeo Cortes-Antonio

A New Bi-objective Classic Transportation Model Considering
Social Justice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Sohaib Dastgoshade and Ajith Abraham

Emotion Recognition Using Multimodalities . . . . . . . . . . . . . . . . . . . . . . 309
Ajay Kharat, Ashish Patel, Dhruv Bhatt, Nand Parikh, and Hemant Rathore

Optimal Design of a Fuzzy System with a Real-Coded Genetic
Algorithm for Diabetes Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . 320
Julio C. Monica, Patricia Melin, and Daniela Sanchez

Contents xiii



An Enhanced Auto Adaptive Vector Evaluated-Based Metaheuristic
for Solving the Environmental-Economic Dispatch Problem . . . . . . . . . 330
Leticia de Fatima Corrêa Costa, Omar Andres Carmona Cortes,
and João Pedro Augusto Costa

HILNER: A Hindi Language Named Entity Recognition System
Based on Hybrid Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 340
Shilpi Srivastava

Stochastic Fractal Dynamic Search for the Optimization of CEC’2017
Benchmark Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
Marylu L. Lagunes, Oscar Castillo, Fevrier Valdez, and Jose Soria

Face Mask Detection Using Deep Learning . . . . . . . . . . . . . . . . . . . . . . 358
Rashmi Arora, Jayant Dhingra, and Abhinav Sharma

Wavelet Feature with CNN for Identifying Parasitic Egg
from a Slender-Billed’s Nest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
Nhidi Wiem, Chokri Mohamed Ali, and Ejbali Ridha

Evaluation of an Open Source Solver to Assist on the Non-urgent
Patients Transport Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
Emanuel Lopes and Eliana Costa e Silva

Improving Collaborative Filtering Using JMSD
on Implicit Feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Preeti Arora, Abhishek Bindra, Abhishek Chand, Aman Dhilod,
and Aniket Sharma

Sentence Similarity Computation Based on Deep Learning . . . . . . . . . . 394
Wafa Wali and Bilel Gargouri

AnnotSemRec: An RDF Based Semantic Framework for Personalized
Web Image Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Gerard Deepak and A. Santhanavijayan

Predicting Individual Substance Abuse Vulnerability Using Machine
Learning Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412
Uwaise Ibna Islam, Iqbal H. Sarker, Enamul Haque,
and Mohammed Moshiul Hoque

An Efficient K-Means Clustering Algorithm
for Analysing COVID-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422
Md. Zubair, MD. Asif Iqbal, Avijeet Shil, Enamul Haque,
Mohammed Moshiul Hoque, and Iqbal H. Sarker

Detection of Fake News Based on Domain Analysis and Social
Network Psychology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433
Dipayan Deb, Ratti Sai Pavan, Azad Nautiyal, Ameya Phadnis,
and Hemant Rathore

xiv Contents



The Design Requirements of a Decision Support System
for Waste Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444
Mahmoud Ershadi, Marcus Jefferies, Peter Davis,
and Mohammad Mojtahedi

Belief eXtended Classifier System: A New Approach for Dealing
with Uncertainty in Sleep Stages Classification . . . . . . . . . . . . . . . . . . . 454
Rahma Ferjani, Lilia Rejeb, and Lamjed Ben Said

Evaluation of Data Augmentation for Detection Plant Disease . . . . . . . . 464
Fatma Marzougui, Mohamed Elleuch, and Monji Kherallah

Movie Recommendation System Addressing Changes in User
Preferences with Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Dhairya Parikh, Dilpreet Kaur, Kajal Parikh, Prakhar Yadav,
and Hemant Rathore

Deep Human Action Recognition System for Assistance
of Alzheimer’s Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
Rimeh Jarray, Ahmed Snoun, Tahani Bouchrika, and Olfa Jemai

Internet of Things: Applications, Adoptions and Components -
A Conceptual Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
Kefas Yunana, Abraham Ayegba Alfa, Sanjay Misra,
Robertas Damasevicius, Rytis Maskeliunas, and Jonathan Oluranti

ExplainEx: An Explainable Artificial Intelligence Framework
for Interpreting Predictive Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Nnaemeka E. Udenwagu, Ambrose A. Azeta, Sanjay Misra,
Vivian O. Nwaocha, Daniel L. Enosegbe, and Mayank Mohan Sharma

Enhancing the Low Adoption Rate of M-commerce in Nigeria
Through Yorùbá Voice Technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516
Lydia Kehinde Ajayi, Ambrose Azeta, Sanjay Misra, Isaac Odun-Ayo,
Peter Taiwo Ajayi, Victor Azeta, and Akshat Agrawal

Blockchain-Based Framework for Secure Transaction
in Mobile Banking Platform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525
Joseph Bamidele Awotunde, Roseline Oluwaseun Ogundokun,
Sanjay Misra, Emmanuel Abidemi Adeniyi, and Mayank Mohan Sharma

TCP Incast Solutions in Data Center Networks: Survey . . . . . . . . . . . . 535
Houda Amari, Wassef Louati, Lyes Khoukhi, and Lamia Hadrich Belguith

Analysis of Text Mining Tools in Disease Prediction . . . . . . . . . . . . . . . 546
Shabnam Kumari, V. Vani, Shaveta Malik, Amit Kumar Tyagi,
and Sravanti Reddy

Contents xv



The Future with Advanced Analytics: A Sequential Analysis
of the Disruptive Technology’s Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . 565
R. Varsha, Siddharth M. Nair, Amit Kumar Tyagi, S. U. Aswathy,
and R. RadhaKrishnan

Modeling Topic Specific Credibility in Twitter Based on Structural
and Attribute Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 580
Md. Habibur Rahman, Tabia Tanzin Prama, and Md Musfique Anwar

Intelligent Data Mining Techniques to Verification of Water
Quality Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 590
Zahraa Al-Barmani and Samaher Al-Janabi

Cost-Conscious Internal Information Maximization for Disentangling
and Interpreting Multi-layered Neural Networks . . . . . . . . . . . . . . . . . . 606
Ryotaro Kamimura

An Island Model Genetic Algorithm Approach to Tuning AI Bots . . . . 617
Riley Wall and Parimala Thulasiraman

Parameter Selection for Ant Colony Optimization for Solving
the Travelling Salesman Problem Based on the Problem Size . . . . . . . . 627
Philipp Kempter, Martin Peter Schmitz, Thomas Hanne,
and Rolf Dornberger

An Extensive Survey on Deep Learning Approach for Crop
Diseases Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 638
Vaishali Nirgude and Sheetal Rathi

Wind Power Multi-step Predictions in Northeastern Brazilian Regions
Using Artificial Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 649
Yann Fabricio Cardoso de Figueiredo and Lídio Mauro Lima de Campos

Modelling IF Steels Using Artificial Neural Networks
and Automated Machine Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 659
Douglas Macedo Sgrott, Fabricio Moreira Cerqueira,
Fabiano J. F. Miranda, José F. S. Filho, and Rafael S. Parpinelli

Comparing Best and Quota Fragment Picker Protocols Applied
to Protein Structure Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 669
Nilcimar Neitzel Will and Rafael Stubs Parpinelli

Portable Olfactometric Platform for Scent Tea Classification . . . . . . . . . 679
Jeniffer Molina, Luis Fernando Valdez, and Juan Manuel Gutiérrez

Self-parameterized Swarm Intelligence Algorithms for Targets’
Detection in Complex and Unknown Environments . . . . . . . . . . . . . . . . 690
Naila Aziza Houacine and Habiba Drias

xvi Contents



An Artificial Orca Algorithm for Continuous Problems . . . . . . . . . . . . . 700
Lydia Sonia Bendimerad and Habiba Drias

Distance Minimization Problems for Multi-factorial Evolutionary
Optimization Benchmarking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 710
Shio Kawakami, Tomoaki Takagi, Keiki Takadama, and Hiroyuki Sato

Automatic White Blood Cell Classification Using the Combination
of Convolution Neural Network and Support Vector Machine . . . . . . . . 720
Kien Hoang Truong, Duc Nguyen Minh, and Luong Duong Trong

Particle Swarm Optimization for Query Items Re-rating . . . . . . . . . . . . 729
Ilyes Khennak, Habiba Drias, and Yassine Drias

Pastoralist Optimization Algorithm (POA): A Culture-Inspired
Metaheuristic for Uncapacitated Facility Location Problem (UFLP) . . . 740
Ibrahim Mohammed Abdullahi, Muhammed Bashir Mu’azu,
Olayemi Mikail Olaniyi, and James Agajo

Enhancing Assistive Technology with Biomimicry
and Social Robots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 750
Saurav Gandhi and Ayush Goyal

Shape From Shading: A Non-iterative Method Using
Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 759
Omar El Farouk Bourahla, Abderrahmane Mahdi Debbah, Lyes Abada,
and Saliha Aouat

A Hierarchical Hidden Variable Model of Effective Housing Finance
in Nigeria Through SEM Smart-PLS . . . . . . . . . . . . . . . . . . . . . . . . . . . 769
Anthonia O. Adediran and Hishamuddin Mohd Ali

Incorporation of Additional Modules Within Particle Swarm
Optimization for Feasibility Conditions of Multi-index
Transportation Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780
Gurwinder Singh, Amarinder Singh, and Bikramjit Singh

Breast Cancer Detection Using Texture Features
and KNN Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 793
Tevar Durgadevi Murugan and Mahendra G. Kanojia

Assessing Impacts of Low Flow on Kainji Hydro-Power Generation . . . 803
Oseni Taiwo Amoo, Motebang Dominic Vincent Nakin,
Abdultaofeek Abayomi, Uduak Umoh, Murimo Bethel Mutanga,
and Solomon Olakunle Bilewu

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 815

Contents xvii



Vertical Interior Distance Ratio to Minimum
Bounding Rectangle of a Shape

Zekun Li, Baolong Guo(B), Xia Ren, and N. N. Liao

Xidian University, Xi’an 710071, People’s Republic of China
blguo@xidian.edu.cn

Abstract. This paper proposed a simple shape descriptor, based on the vertical
interior distance ratio of theminimum bounding rectangle (VIDR). Shape descrip-
tor is widely used to describe shape, especially in leaves matching and trademark
retrieval. VIDR is the proportional distribution of the vertical interior distance
between the shape contour points and its four sides of theminimum bounding rect-
angle. The minimum bounding rectangle can change according to the change of
shape scale and direction, which is extremely suitable for describing the changing
shape, and it has global characteristics. Compared with the descriptor of centroid
contour distance (CCD) and the shape context descriptor (SC), which are all use
contour points to describe shape, our descriptor has a vertical direction and is able
to distinguish the same centroid shapes or similar contour shapes, it also has sim-
pler feature extracting description process. More importantly, the experimental
results show that our descriptor has a higher precision and faster speed.

Keywords: Minimum bounding rectangle · Vertical · Interior distance · Contour

1 Introduction

Many shape descriptors have been proposed [1–5]. It can be roughly divided into four cat-
egories: global descriptors, local descriptors, multi-scale descriptors and multi-faceted
descriptors. Shape descriptors are used to extract shape features of objects. FD (Fourier
descriptor) [6], CCD (centroid contour distance), FD-CCD (CCD based FD) [6], FPD
(farthest point distance) [7], WD (wavelet descriptor) [8], SC (shape context) are some
classic descriptors. There are some improved descriptions of FMSCCD (Fourier descrip-
tor based on multi-scale centroid distance) [9], IDSC (shape context based on inner
distance) and ASD&CCD (angular scale descriptor based on distance from centroid)
[10].

For example, ASD is a descriptor that contains directional characteristics, which can
calculate the eigenvectors of Angle sequences of different proportions, including local
and global information. The ASD&CCD adds Angle information according to the CCD.
The ASD&CCD is more accurate than the CCD, but a lot of calculations are inevitable
and run slowly. In [10], ASD&CCDhas the highest bull’s eye test score, but thematching
time of mpeg-7 CE1 part B is longer than that of CCD. IDSC is improved on the basis of

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
A. Abraham et al. (Eds.): HIS 2020, AISC 1375, pp. 1–10, 2021.
https://doi.org/10.1007/978-3-030-73050-5_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-73050-5_1&domain=pdf
https://doi.org/10.1007/978-3-030-73050-5_1


2 Z. Li et al.

SC. Although the experimental results are better than SC, the matching stage still needs
a lot of time, and the shape feature is not directional, and there is a direction defect.

The ability to evaluate a shape descriptor is mainly through translation, rotation and
scaling of the shape to see whether it will be unaffected and still be able to correctly
identify the shape. The minimum bounding rectangle of an image is one-to-one related
to the image. If the image has different positions, angles and sizes, the minimum bound-
ing rectangle will change accordingly. Therefore, the position, Angle and size of the
image can be reflected in the parameters of its minimum bounding rectangle. Using the
minimum bounding rectangle to describe the image has strong descriptive ability and
robustness.

Shape histogram has a relatively intuitive representation of quantity, and it has a
strong ability to describe the distribution of quantity, so it is used by most scholars to
describe the features of shape. For example, in the classical shape context method, shape
histogram is used to describe the region where the contour point belongs to relative to the
current point. Since shape histogram is the regional distribution of all quantities, it has a
natural advantage for describing shape features, that is, in the process of describing shape,
the uncertainty of initial description position can be ignored, and the computational cost
of describing process can be greatly reduced, with strong robustness.

The general principle of simple shape descriptor is simple, simple calculation, but
there is no direction, can only on behalf of the general characteristics of shape, and the
lack of detailed description such as directional characteristics, such as CCD and SC, only
for contour point, is to distinguish the similar centroid contour shape context of distance
and similar problems, as shown in Fig. 1. Themethod proposed in this paper uses a simple
feature - the vertical interior distance ratio of the minimum bounding rectangle to give
shape descriptors a vertical orientation feature. Therefore, this descriptor complements
the directivity defect of the simple descriptor and has higher resolution capabilitywithout
increasing the time complexity of the general descriptor algorithm.

2 Related Work

2.1 CCD (Centroid Contour Distance)

Centroid contour distance (CCD) [11] is a simple and effective shape descriptor. The
descriptor consists of the shapes of each contour point of the shape to the center of
mass. The sequence P = {p1, p2, p3, . . . , pn} is the contour sample points after uniform
sampling of the shape contour.

The centroid contour point pc of these contour points is first calculated, using
Equation:

pc = 1

n

∑n

i=1
pi =

(
1

n

∑n

i=1
xi,

1

n

∑n

i=1
yi

)
(1)

where n means how many sampling points there are on the contour, (xi, yi) is the ith
contour point pi of a shape. Then, the Euclidean distance between each contour point
pi(xi, yi) and the centroid contour point pc(xc, yc) is calculated, using Equation:

dic = ((xi − xc)
2 + (yi − yc)

2)
1
2 (2)
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(1) similar centroid contour distance

(2) similar shape context

Fig. 1. Two shape pairs, upper pair having similar centroid contour distance and the following
pair having similar shape context.

Finally, The Euclidean distance dic is normalized to obtain the centroid contour
distance di

ccd , calculated with Equation:

di
ccd =

(
dic

(1/n)
∑n

j=1 djc

)
/
√
n = dic

√
n/

∑n

j=1
djc, i = 1, 2, 3, . . . , n (3)

The sequence
{
d1
ccd , d

2
ccd , d

3
ccd , . . . , d

n
ccd

}
is the CCD feature of a shape.

When the starting point position of the contour changes, the distance sequence will
also change accordingly. Therefore, the distance between two shapes, s1, s2, is computed
with Equation:

disccd (s1, s2) = min
0≤m≤n

(
∑n

i=1
(di

ccd − ddm+i
ccd )2)

1
2 ,m ∈ Z (4)

where, dm+i
ccd = dm+i−n

ccd . This distance is used for shape matching. When the distance
is less than a given threshold, it is regarded as in the same class, when the distance is
greater than this threshold, it is regarded as in the different class.

TheCCDdescriptor has translational invariance because its European distance is nor-
malized. Under the above matching method, it has rotation invariance, but the efficiency
of matching method is low, the speed of matching is slow, and the time complexity
is high. Although the idea of this descriptor is simple, it is a scalar distance without
direction and lacks the description of shape direction information.

2.2 SC (Shape Context)

The shape context (SC) [12] is a classic descriptor based on shape contour features
introduced by Serge Belongie et al. in 2002, it is a global shape descriptor. The shape
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contour is generally represented by a uniformly sampled set of points, the shape context
of each point in the point set is a histogram of the point distribution, the target shape
context is represented by a set of histograms.

The contour of a shape is represented by a sequence of continuous point sets, after
sampling uniformly, a contour sample point is obtained P = {p1, p2, p3, . . . , pn}. Take
any one of these points pi as the reference point, and take pi as the center of the circle,
N concentric circles are constructed with R as radius and logarithmic distance intervals.
Then, the concentric circle region is divided into M equal parts along the circumference
to form the template as shown in the figure. The number of points in each small area of
the template is counted to constitute the histogram hi(k), hi(k) is the shape context of
pi, calculated with Equation:

hi(k) = #
{
pj : j �= i, pi − pj ∈ bin(k)

}
(5)

Where, k = {1, 2, 3, . . . ,M × N }, hi(k) is a M × N matrix square. When pi is the
reference point, take as the origin of coordinates and construct the polar coordinate
system on the template, the abscissa of the histogram is θ , the ordinate is log r. Each
square represents a small area in the template, and the darker the square, the more points
fall within this area.

For the whole point set P, take the point p1, p2, p3, . . . , pn as the reference point
respectively, the shape context of each point is calculated in turn, and finally the shape
context of the target is obtained.

The SC is invariant to translation, scale and rotation, but in terms of discernibility,
the descriptor lacks the orientation feature description of the target.

3 VIDR

An in-depth study of CCD and SC reveals that these two feature-description algorithms
based on contour have the sameweaknesses. SC has better anti-interference performance
in describing shape contour features, so the experimental results are better than CCD.
However, in the two pairs of shapes as shown in Fig. 1, the naked eye can distinguishwell,
and since both algorithms only process and calculate contour points, neither algorithm
can distinguish well. Figure 2 show the CCD feature vector curve of the pair (1) in Fig. 1.

It is clear from Fig. 2 that the centroid contour eigenvectors of the two shapes are
very similar.

Figures 3 and 4 show SC shape histogram of the pair (2) in Fig. 1, respectively.
Although SC has stronger robustness and higher recognition accuracy than CCD, it

is difficult to distinguish a pair of shapes with very similar shapes because SC and CCD
only consider shape contour points, but not the direction of the shapes.

We proposed VIDR method is through from a contour point perpendicular to the
shape of the minimum circumscribed rectangle do respectively, so as to calculate the
four vertical after shape inside of Euclidean distance and four vertical general Euclidean
distance, to calculate the contour points within the vertical distance, finally calculate the
shape within all the contour points of vertical distance ratio distribution, to say the shape
characteristics of the shape.
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Fig. 2. The dashed line represents the CCD feature of the left shape (1), and the solid line
represents the CCD feature of the right shape.

Fig. 3. The shape context histogram of the first picture in Group (1) in Fig. 1

Finding the shape of the smallest bounding rectangle is the most critical step in
calculating the vertical interior distance. The method of finding the smallest bounding
rectangle is introduced first, and then the specific calculation method of vertical interior
distance ratio is introduced.

3.1 Minimum Bounding Rectangle

There are two types of restricted minimum rectangles for general graphics, minimum
area limited minimum rectangle and minimum perimeter limited minimum rectangle. In
this article, we use the smallest bounding rectangle with the smallest area. The following
steps are key to calculating the minimum bounding rectangle.
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Fig. 4. The shape context histogram of the first picture in Group (2) in Fig. 1

Step 1: Use the function to find four points with maximum and minimum horizontal and
vertical coordinates.
Step 2: Use these four points to construct the four tangents to the shape.
Step 3: If one (or two) lines overlap one side, the rectangular region identified by the four
lines is calculated and saved as the current minimum. Otherwise, the current minimum
is defined as infinity.
Step 4: Rotate the lines clockwise until one of them coincides with the edge of the
polygon.
Step 5: Calculate the area of the new rectangle and compare it to the current minimum.
If it is less than the current minimum, update and save the rectangle information that
determines the minimum.
Step 6: Repeat steps 4 and 5 until the line is rotated more than 90°.
Step 7: Output the minimum region of the boundary rectangle.

Figure 5 is a schematic diagram of the smallest bounding rectangle for two pairs of
shapes in Fig. 1.

3.2 Vertical Interior Distance Proportional Distribution

Within the vertical distance calculation is based on external rectangular shape, when
calculating the shape of the external rectangular, starting from the shape of a contour
point pi separately to the four of the minimum circumscribed rectangle do vertical edge,
di1, di2, di3, di4 are four vertical shape after the internal length of Euclidean distance,
respectively, and seeking the sumof theEuclidean distance of four vertical d0, by formula
Ri = (di1 + di2 + di3 + di4)/d0, pray that point within the vertical distance ratio, finally
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Fig. 5. The minimum bounding rectangles of two sets of shapes in Fig. 1

calculate the shape within all the contour points of vertical distance ratio R, forming the
shape of the shape of the histogram, The histogram is the shape feature of the shape.

In the image, we convert the ratio of inner distance to the ratio of the number of
pixels in the image, so that the computation is smaller and the algorithm is faster. The
dot product operation of the image was used to calculate the intersection lines of the
image interior and four perpendicular lines of a certain contour point pi. The number
of pixel points on the intersection line was first calculated, marked as ni, and then the
number of pixel points on the four perpendicular lines was calculated, marked as n0.
Finally, the formula Ri = ni/n0 was used to calculate the vertical interior distance ratio
of this point. Within the specific range forms as shown in Fig. 6, respectively from the
P point to do vertical rectangular four side, hand in the shape of other contour points
P1,P2,P3,P4, and through the shape internal segment of PP1,PP2,PP3,PP4, which
is the sum of the contour points of the distance, in the four lines contains the number of
pixels to ni, said again to find the external rectangle contained a long and a wide number
of pixels n0, the ni/n0 said that point within the vertical distance ratio.

Fig. 6. Inner distance for shape contour point P



8 Z. Li et al.

The VIDR method is applied to the two pairs of shapes in Fig. 1, and the shape
histogram is shown in Fig. 7 respectively. The first picture is VIDR feature histogram
in Group (1) in Fig. 1, and the second picture is VIDR feature histogram in Group (2)
in Fig. 1. Obviously, in the shape features obtained by this method, the two pairs of
shapes in Fig. 1 are significantly different, which can be distinguished by this method.
And in the feature matching stage, this method only needs to do the Euclidean distance
difference of two shape histograms, which has a faster matching speed.

Fig. 7. VIDR feature histogram of two groups of shapes in Fig. 1

3.3 Shape Matching

The interior distance scale histogram of each shape can be expressed as sequence {xj, j
= 1, 2, 3… 10}, we use the following formula to calculate the distance between the two
shapes, the calculation formula is as follows:

dis(s1, s2) =
(∑10

i=1
(xi − yi)

2
) 1

2

(6)

Where, xi, yi represents the histogram of the interior distance ratio of the shape s1, s2
respectively.

4 Experimental Results and Analysis

Mpeg-7 CE1B is an image template library used for image shape template by a large
number of scholars, andmanyarticles [1–9] use this database for experiments. The library
contains 1400 shaped template images (70 categories, each containing 20 shapes), which
are ideal for studying the shape characteristics of images. The proposed method is also
tested on this data set. The experimental results and the test results of some other shape
descriptors are shown in Table 1. Figure 8 shows a part of this datasets.
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Table 1. Bull’s eye test scores and matching time of some descriptors in MPEG-7 CE1 B

Descriptor Bulls-eye-test score (%) Matching time (ms)

VIDR (our) 76.88 80.0

CCD 68.60 112.3

ASD&CCD [10] 76.20 230.5

SC 64.59 85.0

IDSC [13] 68.83 85.2

Fig. 8. Some shapes in MPEG-7 Part B

5 Conclusion

VIDR is a simple, effective shape descriptor with directional features. Because the
descriptor uses shape histogram to represent features, it has global features, making it
easier to match features. Because it can distinguish the shapes of similar centroid and
similar shape context in Mpeg7 Part B database, such as Fig. 1, it can be seen from
the experimental results that compared with other classical descriptors using contour,
such as CCD and SC, which supplement the defects of directional features, it has more
accurate test accuracy, stronger description ability and robustness. Compared with the
improved CCD and SC, such as ASD&CCD and IDSC, it also has more accurate test
accuracy and faster feature matching speed.
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Abstract. Face recognition is a popular topic in biometrics. It has received
increasing interests. Face recognition is widely used in many applications. Such
as surveillance, identification in login system and personalized technology. Rec-
ognizing multiple face in real-time on the embedded system is very challenging
due to the complexity computation of the processing. Extreme learning machine
(ELM) has garnered tremendous success and attention as an efficient learning
algorithm due to its good generalization performance in various problems such
as face recognition. In this paper we present a new method for face recognition
using an auto encoder based wavelet analysis and extreme learning machine. For
more details, we have used a composite wavelet activation function at the hidden
nodes of ELM and the learning step is accomplished by the Deep ELM. For the
data collection we have used the Face Recognition Grand Challenge (FRGC) v.2
database.

Keywords: Face recognition · Extreme learning machine (ELM) · Wavelet
neural network · Auto-encoder · FRGC v.2

1 Introduction

Face recognition (FR) [1, 2] has been a long-standing research topic and still a challeng-
ing question in computer vision due to the rise in security demands and the development
of imaging technologies. It is applied broadly in crime detection, identification of genetic
diseases, security information, and image understanding. Facial recognition is the pro-
cess of identifying and classifying person using their face. This process involves three
main steps face detection, face capture, face match. The face detection detects faces
within the images and video. Face captures convert a set of analogue information into
a set of data based on the person’s facial features. Whereas face match compares two
faces to verifies if these faces belong to the same person (Fig. 1).

Face recognition have progressed enormously and becomes more and more ubiqui-
tous due the significant breakthrough made by such machine learning techniques such
as DeepIDs, DeepFace, Face++, FaceNet, and Baidu. The most machine learning used is
the artificial neural network which is new data representation. Different from the tradi-
tional data representation models, this information processing paradigm is based on the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
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Fig. 1. Face recognition pipeline

model of human biological nervous systems. Its capability to process data has motivated
many researchers to introduce newmodel for data processing basing on the combination
of such theories. The combination of the wavelet theory and the artificial neural network
make the introduction of new neural network called wavelet neural network. Thewavelet
neural network is proposed by Zhang and Benvesite [3]. Studies shows that this network
yields accurate results on the classification problems and the nonlinear system problems.
The key discriminate feature of this network is the properties of wavelet decomposition
for localization in both time and frequency domain.

Another prominent technique is the Extreme Learning Machine [4]. It is a specific
type of feed-forward neural networks. This network is characterized by a single layer
where the parameters of hidden nodes (not just the weights connecting inputs to hidden
nodes) need not be tuned. These hidden nodes can be randomly assigned and never
updated. The main goal of the ELM is to tackle the barriers between the conventional
artificial learning techniques and biological learning mechanism to represent a reliable
machine learning technique in which hidden neurons need not to be tuned. Hence this
make this technique faster than the traditional neural networks in the training phase.
Jian Chen [19] adopt a conjugate gradient extreme learning machine for facial expres-
sion recognition. Here authors outline the positive definiteness of the extreme learning
machine. Lee [20] introduce a new 2.5D face descriptor that based on the Regional
Covariance Matrix (RCM). They present a new variant of ELM named RandomMaxout
Extreme Learning Machine (RMELM) for FR recongition.

The key feature of these techniques is the feature engineering process. Feature engi-
neering is the craft of extracting reliable feature from dataset and make it visible to
learning algorithms. The main drawback of the traditional machine learning algorithms
is that the feature extraction ismadebyexperts. Furthermore, to achieve an effective result
we need a massive amount of training data to solve complex problems. The training data
preparation consist of the creation of labelled data which is tedious and time-consuming
task.

Machine learning undergone important developments. A significant contributor to
that surge is the deep learning. The main contribution of this network is that learn the
feature extraction part.

Recently, deep learning [5, 6] networks giant strides on this domain, typically these
networks are classified into 2 types which are supervised and unsupervised networks.
The supervised networks involve the convolution and the recurrent neural network. The
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training of these networks is based on a huge number of labeled data. However today
the lack of annotate dataset became a big challenge today. The unsupervised neural
networks meet this issue because there is no need for annotated date. Data representation
and compression is vital step to ensure a good classification. The auto-encoder provide
a good data representation therefore it is widely used for the classification and the
recognition problem. Regarding the context of the face detection and classification, this
network shows a pertinent result which motivate many researches to adopt it. In their
work, Jemel et al. [7] present a new algorithm of classification based on deep learning
and sparse auto-encoder. Basing on the auto-encoder, they introduce a new classifier.
Researchers combine the auto-encoder architecture and some specific type of neural
network such as the wavelet neural network for example Salima et al. [8] propose a
cascade model that involves the sparse auto-encoder and the fast wavelet transform
algorithms. Ramzi et al. [9] adopt this combination for medical classification.

Ridha and all present a newmethod based on a denoising auto-encoderwithDropout-
based network anomaly detection to enhance the intrusion detection. The key feature
of this network is the good features extraction that yields a good detection accuracy.
[10] introduce a cascade model which is based on the combination of the denoising and
the sparse auto encoders. For the calcification ask they adopt 2 classifiers multi-class
SVM and Softmax classifier. They collect data from different databases such as The
Yale Face Database (Yale), The ORL face database, by the Olivetti Research Laboratory
in Cambridge (ORL). However, this model is slow to train. [11] also adopt a fusion
model based on stacked convolutional auto-encoder and sparse task. Here they exploit
the ability the auto-encoder to extract deep and high-level feature and the capability
of the sparse representation for the classification. For the data collection, they collect
data from the LFW face database. The fast training process is a key feature for a good
model selection. Researchers adopt the Extreme Learning Machine to ensure a faster
training learning and extent it by the auto-encoder for example [12] introduce a new
deep model based on the sparse auto-encoder and the Extreme Learning Machine for
the object recognition.

2 Proposed Approach

The main goal of this paper is to apply new method based on a deep model using an
auto-encoder based wavelet and extreme learning machine for Face recognition.

The building blocks of the proposed architecture are the Extreme LearningMachine,
the autoencoder and the wavelet neural network.

2.1 Deep Learning

Deep learning can be considered as a machine learning technique that learns features
and tasks directly from the data. While traditional machine learning algorithms are
linear, deep learning algorithms are stacked in a hierarchy of increasing complexity
and abstraction. This structure based on the artificial neural network whose purpose to
imitate the human behavior. This makes a huge impact in the area of machine learning
that overcomes the limitations of the modern machine vision algorithms for example


