Smart Processing Instruments,

Management, and System
Sustainability

Lead Guest Editor: Sanghyuk Lee
Guest Editors: Dohyeong Kim and Eunmi Lee




Smart Processing Instruments, Management,
and System Sustainability



Mathematical Problems in Engineering

Smart Processing Instruments,
Management, and System Sustainability

Lead Guest Editor: Sanghyuk Lee
Guest Editors: Dohyeong Kim and Eunmi Lee



Copyright © 2021 Hindawi Limited. All rights reserved.

This is a special issue published in “Mathematical Problems in Engineering.” All articles are open access articles distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.



Chief Editor

Guangming Xie(), China

Academic Editors

Kumaravel A (), India

Wagqas Abbasi, Pakistan
Mohamed Abd El Aziz(%), Egypt
Mahmoud Abdel-Aty (), Egypt
Mohammed S. Abdo, Yemen
Mohammad Yaghoub Abdollahzadeh
Jamalabadi(®), Republic of Korea
Rahib Abiyev (), Turkey
Leonardo Acho (%), Spain

Daniela Addessi (), Italy

Arooj Adeel (), Pakistan

Waleed Adel (), Egypt

Ramesh Agarwal (), USA
Francesco Aggogeri(), Italy
Ricardo Aguilar-Lopez (), Mexico
Afaq Ahmad (), Pakistan

Naveed Ahmed (), Pakistan

Elias Aifantis (), USA

Akif Akgul (5), Turkey

Tareq Al-shami(), Yemen

Guido Ala, Italy

Andrea Alaimo (1), Italy

Reza Alam, USA

Osamah Albahri (), Malaysia
Nicholas Alexander (i), United Kingdom
Salvatore Alfonzetti, Italy

Ghous Ali(, Pakistan

Nouman Ali ("), Pakistan
Mohammad D. Aliyu (), Canada
Juan A. Almendral (), Spain

A K. Alomari, Jordan

José Domingo Alvarez (%), Spain
Claudio Alves(), Portugal

Juan P. Amezquita-Sanchez, Mexico
Mukherjee Amitava, India

Lionel Amodeo, France

Sebastian Anita, Romania
Costanza Arico (), Italy

Sabri Arik, Turkey

Fausto Arpino (), Italy

Rashad Asharabi(), Saudi Arabia
Farhad Aslani(), Australia
Mohsen Asle Zaecem (1), USA

Andrea Avanzini(?), Italy

Richard I. Avery (), USA

Viktor Avrutin (%), Germany
Mohammed A. Awadallah (), Malaysia
Francesco Aymerich (i), Italy
Sajad Azizi ("), Belgium

Michele Bacciocchi (%), Italy
Seungik Baek (), USA

Khaled Bahlali, France

M.V.A Raju Bahubalendruni, India
Pedro Balaguer (%), Spain

P. Balasubramaniam, India

Stefan Balint ("), Romania

Ines Tejado Balsera (), Spain
Alfonso Banos(2), Spain

Jerzy Baranowski (=), Poland
Tudor Barbu(®), Romania

Andrzej Bartoszewicz (), Poland
Sergio Baselga (), Spain

S. Caglar Baslamisli ("), Turkey
David Bassir (), France

Chiara Bedon (), Italy

Azeddine Beghdadi, France
Andriette Bekker (), South Africa
Francisco Beltran-Carbajal (), Mexico
Abdellatif Ben Makhlouf@#), Saudi Arabia
Denis Benasciutti (), Italy

Ivano Benedetti (), Italy

Rosa M. Benito (), Spain

Elena Benvenuti(?), Italy

Giovanni Berselli, Italy

Michele Betti (), Italy

Pietro Bia(®), Italy

Carlo Bianca (), France

Simone Bianco (1), Italy

Vincenzo Bianco, Italy

Vittorio Bianco, Italy

David Bigaud (), France

Sardar Muhammad Bilal (), Pakistan
Antonio Bilotta (), Italy

Sylvio R. Bistafa, Brazil

Chiara Boccaletti (), Italy

Rodolfo Bontempo (1), Italy
Alberto Borboni (), Italy

Marco Bortolini, Italy



https://orcid.org/0000-0001-6504-0087
https://orcid.org/0000-0002-7624-9748
https://orcid.org/0000-0002-2062-4801
https://orcid.org/0000-0001-8841-3165
https://orcid.org/0000-0002-6567-8109
https://orcid.org/0000-0002-2682-7474
https://orcid.org/0000-0002-4965-1133
https://orcid.org/0000-0003-0580-3200
https://orcid.org/0000-0003-1951-2148
https://orcid.org/0000-0002-0557-8536
https://orcid.org/0000-0002-9642-1023
https://orcid.org/0000-0001-9414-3763
https://orcid.org/0000-0003-2697-3153
https://orcid.org/0000-0001-9427-4296
https://orcid.org/0000-0002-5020-199X
https://orcid.org/0000-0002-6846-5686
https://orcid.org/0000-0001-9151-3052
https://orcid.org/%200000-0002-8074-1102
https://orcid.org/0000-0002-6691-6965
https://orcid.org/0000-0002-7844-3990
https://orcid.org/0000-0002-6837-5330
https://orcid.org/0000-0001-5316-3063
https://orcid.org/0000-0002-0721-201X
https://orcid.org/0000-0002-6417-841X
https://orcid.org/0000-0003-1100-7446
https://orcid.org/0000-0003-2791-8105
https://orcid.org/0000-0002-4017-1184
https://orcid.org/0000-0001-7173-0981
https://orcid.org/0000-0002-3987-5555
https://orcid.org/0000-0002-6616-2008
https://orcid.org/0000-0002-0505-6068
https://orcid.org/0000-0002-5164-6122
https://orcid.org/0000-0002-7188-7687
https://orcid.org/0000-0002-2270-2527
https://orcid.org/0000-0001-7931-8844
https://orcid.org/0000-0002-7815-8946
https://orcid.org/0000-0003-3474-4684
https://orcid.org/0000-0001-9953-7657
https://orcid.org/0000-0002-1152-2336
https://orcid.org/0000-0003-2007-339X
https://orcid.org/0000-0002-4082-2944
https://orcid.org/0000-0003-4573-9338
https://orcid.org/0000-0001-5542-348X
https://orcid.org/0000-0003-2711-4385
https://orcid.org/0000-0003-3313-581X
https://orcid.org/0000-0001-9684-8417
https://orcid.org/0000-0002-1271-8488
https://orcid.org/0000-0002-0492-4003
https://orcid.org/0000-0002-7476-2257
https://orcid.org/0000-0002-5364-9992
https://orcid.org/0000-0003-3875-2817
https://orcid.org/0000-0003-4793-5674
https://orcid.org/0000-0001-5244-5587
https://orcid.org/0000-0001-7142-7026
https://orcid.org/0000-0001-5999-5629
https://orcid.org/0000-0003-3755-2768
https://orcid.org/0000-0003-3949-8232
https://orcid.org/0000-0002-4888-4904
https://orcid.org/0000-0002-8389-3355
https://orcid.org/0000-0003-3598-2182
https://orcid.org/0000-0003-1122-7510
https://orcid.org/0000-0002-7070-1545
https://orcid.org/0000-0001-8474-2885
https://orcid.org/0000-0002-7803-9218
https://orcid.org/0000-0003-1873-4670
https://orcid.org/0000-0003-3548-5741
https://orcid.org/0000-0001-8087-5111
https://orcid.org/0000-0001-7069-1095

Paolo Boscariol, Italy

Daniela Boso (1), Italy

Guillermo Botella-Juan, Spain
Abdesselem Boulkroune (2, Algeria
Boulaid Boulkroune, Belgium
Fabio Bovenga (12, Italy
Francesco Braghin (), Italy
Ricardo Branco, Portugal

Julien Bruchon (#), France
Matteo Bruggi (1), Italy

Michele Brun (), Italy

Maria Elena Bruni, Italy

Maria Angela Butturi (), Italy
Bartlomiej Blachowski (), Poland
Dhanamjayulu C (%), India
Raquel Caballero-Aguila (), Spain
Filippo Cacace (9, Italy

Salvatore Caddemi (), Italy
Zuowei Cai(2), China

Roberto Caldelli (), Italy
Francesco Cannizzaro (1), Italy
Maosen Cao (), China

Ana Carpio, Spain

Rodrigo Carvajal(®), Chile
Caterina Casavola, Italy

Sara Casciati, Italy

Federica Caselli (), Italy

Carmen Castillo (), Spain
Inmaculada T. Castro (), Spain
Miguel Castro (), Portugal

Giuseppe Catalanotti (), United Kingdom

Alberto Cavallo (), Italy
Gabriele Cazzulani(), Italy
Fatih Vehbi Celebi, Turkey
Miguel Cerrolaza (), Venezuela
Gregory Chagnon (12), France
Ching-Ter Chang (), Taiwan
Kuei-Lun Chang(»), Taiwan
Qing Chang(®, USA

Xiaoheng Chang(}®), China
Prasenjit Chatterjee (), Lithuania
Kacem Chehdi, France

Peter N. Cheimets, USA
Chih-Chiang Chen (), Taiwan
He Chen (), China

Kebing Chen (i), China
Mengxin Chen (), China
Shyi-Ming Chen (), Taiwan
Xizhong Chen (), Ireland
Xue-Bo Chen (), China
Zhiwen Chen (%), China

Qiang Cheng, USA

Zeyang Cheng, China

Luca Chiapponi (), Italy
Francisco Chicano (), Spain
Tirivanhu Chinyoka (), South Africa
Adrian Chmielewski (), Poland
Seongim Choi (), USA
Gautam Choubey (1), India
Hung-Yuan Chung (), Taiwan
Yusheng Ci, China

Simone Cinquemani (), Italy
Roberto G. Citarella (), Italy
Joaquim Ciurana(2), Spain
John D. Clayton (), USA

Piero Colajanni (), Italy
Giuseppina Colicchio, Italy
Vassilios Constantoudis(:), Greece
Enrico Conte, Italy

Alessandro Contento (), USA
Mario Cools(), Belgium

Gino Cortellessa, Italy

Carlo Cosentino (1), Italy

Paolo Crippa (), Italy

Erik Cuevas (), Mexico
Guozeng Cui(®), China
Mehmet Cunkas (), Turkey
Giuseppe D'Aniello (%), Italy
Peter Dabnichki, Australia
Weizhong Dai (), USA

Zhifeng Dai(), China
Purushothaman Damodaran (2), USA
Sergey Dashkovskiy, Germany
Adiel T. De Almeida-Filho (P, Brazil
Fabio De Angelis (), Italy
Samuele De Bartolo (), Italy
Stefano De Miranda (), Italy
Filippo De Monte (), Italy


https://orcid.org/0000-0001-6511-4998
https://orcid.org/0000-0002-1392-6932
https://orcid.org/0000-0001-5602-9919
https://orcid.org/0000-0002-0476-4118
https://orcid.org/0000-0001-5867-5842
https://orcid.org/0000-0003-3403-6127
https://orcid.org/0000-0002-4760-9062
https://orcid.org/0000-0003-1639-6065
https://orcid.org/0000-0001-6021-0374
https://orcid.org/0000-0001-9958-754X
https://orcid.org/0000-0001-7659-7649
https://orcid.org/0000-0003-1060-744X
https://orcid.org/0000-0002-2438-2395
https://orcid.org/0000-0003-4470-7107
https://orcid.org/0000-0003-3471-1196
https://orcid.org/0000-0001-8698-1329
https://orcid.org/0000-0001-6640-1905
https://orcid.org/0000-0002-3336-8683
https://orcid.org/0000-0001-6663-8603
https://orcid.org/0000-0003-2614-9084
https://orcid.org/0000-0002-2590-8379
https://orcid.org/0000-0001-9732-9969
https://orcid.org/0000-0001-9326-9575
https://orcid.org/0000-0002-7985-7722
https://orcid.org/0000-0002-2447-7570
https://orcid.org/0000-0003-0415-0666
https://orcid.org/0000-0002-9386-7046
https://orcid.org/0000-0001-8137-8838
https://orcid.org/0000-0001-6426-7327
https://orcid.org/0000-0003-3744-1371
https://orcid.org/0000-0002-6197-1623
https://orcid.org/0000-0002-7994-4252
https://orcid.org/0000-0002-2254-723X
https://orcid.org/0000-0001-6356-1655
https://orcid.org/0000-0003-2072-7592
https://orcid.org/0000-0002-9122-4493
https://orcid.org/0000-0001-8648-631X
https://orcid.org/0000-0001-8073-5741
https://orcid.org/0000-0001-6799-7667
https://orcid.org/0000-0002-4759-0904
https://orcid.org/0000-0002-0621-788X
https://orcid.org/0000-0003-1259-2990
https://orcid.org/0000-0001-7782-2043
https://orcid.org/0000-0002-2049-578X
https://orcid.org/0000-0002-2068-170X
https://orcid.org/0000-0003-4266-6356
https://orcid.org/0000-0002-1787-173X
https://orcid.org/0000-0001-9296-0874
https://orcid.org/0000-0003-3167-019X
https://orcid.org/0000-0002-6574-5551
https://orcid.org/0000-0003-4107-6282
https://orcid.org/0000-0003-0562-8596
https://orcid.org/0000-0003-3164-977X
https://orcid.org/0000-0003-3811-8074
https://orcid.org/0000-0003-3098-2693
https://orcid.org/0000-0001-5768-1829
https://orcid.org/0000-0003-4504-7550
https://orcid.org/0000-0002-0358-6049
https://orcid.org/0000-0001-6880-4361
https://orcid.org/0000-0002-5031-7618
https://orcid.org/0000-0002-8687-9348
https://orcid.org/0000-0002-3194-7710
https://orcid.org/0000-0002-7912-1280
https://orcid.org/0000-0002-6925-8486
https://orcid.org/0000-0001-6069-3601
https://orcid.org/0000-0002-2745-6396
https://orcid.org/0000-0002-6158-6055
https://orcid.org/0000-0002-9624-651X
https://orcid.org/0000-0003-0174-6990

José Antdnio Fonseca De Oliveira
Correia ("), Portugal

Jose Renato De Sousa ("), Brazil
Michael Defoort, France
Alessandro Della Corte, Italy
Laurent Dewasme (1), Belgium
Sanku Dey (59, India

Gianpaolo Di Bona (), Italy
Roberta Di Pace (), Italy
Francesca Di Puccio (), Italy
Ramon I. Diego (), Spain

Yannis Dimakopoulos (i), Greece
Hasan Dinger (1), Turkey

José M. Dominguez (), Spain
Georgios Dounias, Greece

Bo Du(}), China

Emil Dumic, Croatia

Madalina Dumitriu (), United Kingdom
Premraj Durairaj (2, India

Saeed Eftekhar Azam, USA

Said El Kafhali @), Morocco
Antonio Elipe (%), Spain

R. Emre Erkmen, Canada

John Escobar (%), Colombia
Leandro F. F. Miguel (©), Brazil
FRANCESCO FOTI (%), Italy
Andrea L. Facci(»), Italy

Shahla Faisal (), Pakistan
Giovanni Falsone (), Italy

Hua Fan, China

Jianguang Fang, Australia
Nicholas Fantuzzi (), Italy
Muhammad Shahid Farid (), Pakistan
Hamed Faroqj, Iran

Yann Favennec, France

Fiorenzo A. Fazzolari(), United Kingdom
Giuseppe Fedele (), Italy
Roberto Fedele (), Italy

Baowei Feng (), China
Mohammad Ferdows (), Bangladesh
Arturo J. Fernandez (), Spain
Jesus M. Fernandez Oro, Spain
Francesco Ferrise, Italy

Eric Feulvarch (), France

Thierry Floquet, France

Eric Florentin (), France

Gerardo Flores, Mexico

Antonio Forcina (), Italy
Alessandro Formisano, Italy
Francesco Franco (1), Italy

Elisa Francomano (12), Italy

Juan Frausto-Solis, Mexico

Shujun Fu(®, China

Juan C. G. Prada (), Spain
HECTOR GOMEZ ("), Chile

Matteo Gaeta (), Italy

Mauro Gaggero (1), Italy

Zoran Gajic(2), USA

Jaime Gallardo-Alvarado (), Mexico
Mose Gallo (), Italy

Akemi Gélvez (), Spain

Maria L. Gandarias (%), Spain

Hao Gao(2), Hong Kong

Xingbao Gao (), China

Yan Gao (), China

Zhiwei Gao (), United Kingdom
Giovanni Garcea (), Italy

José Garcia (), Chile

Harish Garg ("), India

Alessandro Gasparetto (), Italy
Stylianos Georgantzinos, Greece
Fotios Georgiades ("), India

Parviz Ghadimi (), Iran

Stefan Cristian Gherghina (), Romania
Georgios I. Giannopoulos (), Greece
Agathoklis Giaralis (©), United Kingdom
Anna M. Gil-Lafuente (%), Spain
Ivan Giorgio (), Italy

Gaetano Gijunta (), Luxembourg
Jefferson L.M.A. Gomes ("), United
Kingdom

Emilio Gémez-Déniz ("), Spain
Antonio M. Gongalves de Lima (?), Brazil
Qunxi Gong(»), China

Chris Goodrich, USA

Rama S. R. Gorla, USA

Veena Goswami (), India

Xunjie Gou(2), Spain

Jakub Grabski (%), Poland



https://orcid.org/0000-0002-4148-9426
https://orcid.org/0000-0001-7132-1264
https://orcid.org/0000-0002-1688-167X
https://orcid.org/0000-0001-8523-8189
https://orcid.org/0000-0001-9567-5534
https://orcid.org/0000-0001-7589-8570
https://orcid.org/0000-0003-4558-1497
https://orcid.org/0000-0002-8531-6383
https://orcid.org/0000-0002-8671-0657
https://orcid.org/0000-0002-8072-031X
https://orcid.org/0000-0002-2586-5081
https://orcid.org/0000-0002-4484-8789
https://orcid.org/0000-0002-9978-9499
https://orcid.org/0000-0002-3965-3362
https://orcid.org/0000-0001-9282-5154
https://orcid.org/0000-0001-5208-4494
https://orcid.org/0000-0001-6175-9553
https://orcid.org/0000-0002-7881-1642
https://orcid.org/0000-0002-0339-4653
https://orcid.org/0000-0002-0344-7508
https://orcid.org/0000-0002-6303-5986
https://orcid.org/0000-0003-2668-5100
https://orcid.org/0000-0002-8406-4882
https://orcid.org/0000-0002-8384-2830
https://orcid.org/0000-0002-7321-6772
https://orcid.org/0000-0003-0273-780X
https://orcid.org/0000-0003-1057-9581
https://orcid.org/0000-0003-4507-8170
https://orcid.org/0000-0002-8696-9116
https://orcid.org/0000-0003-2646-0905
https://orcid.org/0000-0003-2055-3764
https://orcid.org/0000-0003-1192-6733
https://orcid.org/0000-0002-8831-8309
https://orcid.org/0000-0002-9869-2820
https://orcid.org/0000-0003-0438-5115
https://orcid.org/0000-0002-6776-465X
https://orcid.org/0000-0002-7793-8625
https://orcid.org/0000-0003-3726-5507
https://orcid.org/0000-0001-7209-3355
https://orcid.org/0000-0002-5048-4141
https://orcid.org/0000-0002-0187-6181
https://orcid.org/0000-0002-8208-0432
https://orcid.org/0000-0002-9023-0752
https://orcid.org/0000-0002-2100-2289
https://orcid.org/0000-0001-8604-8272
https://orcid.org/0000-0003-0148-3713
https://orcid.org/0000-0002-3253-7529
https://orcid.org/0000-0002-1889-399X
https://orcid.org/0000-0001-5464-3288
https://orcid.org/0000-0002-0842-3521
https://orcid.org/0000-0003-3126-8352
https://orcid.org/0000-0001-9099-8422
https://orcid.org/0000-0001-9902-9783
https://orcid.org/0000-0002-2784-6976
https://orcid.org/0000-0002-9315-5428
https://orcid.org/0000-0003-2911-6480
https://orcid.org/0000-0002-0004-8421
https://orcid.org/0000-0002-2952-1171
https://orcid.org/0000-0003-0905-3929
https://orcid.org/0000-0002-0044-9188
https://orcid.org/0000-0003-1694-5132
https://orcid.org/0000-0003-0845-2274
https://orcid.org/0000-0002-5072-7908
https://orcid.org/0000-0003-0170-6083
https://orcid.org/0000-0001-9076-0537
https://orcid.org/0000-0002-4260-4721
https://orcid.org/0000-0003-1963-0451
https://orcid.org/0000-0002-0553-1084

Antoine Grall(», France
George A. Gravvanis (), Greece
Fabrizio Greco (), Italy

David Greiner (), Spain

Jason Gu (), Canada

Federico Guarracino (1), Italy
Michele Guida (), Italy
Muhammet Gul (), Turkey
Dong-Sheng Guo (2), China
Hu Guo (), China

Zhaoxia Guo, China

Yusuf Gurefe, Turkey

Salim HEDDAM (1), Algeria
ABID HUSSANAN, China
Quang Phuc Ha, Australia

Li Haitao(®), China

Petr Hajek (), Czech Republic
Mohamed Hamdy (%), Egypt

Muhammad Hamid (®), United Kingdom

Renke Han (%), United Kingdom
Weimin Han (=), USA

Xingsi Han, China

Zhen-Lai Han ("), China
Thomas Hanne ("), Switzerland
Xinan Hao(®), China

Mohammad A. Hariri-Ardebili(®), USA

Khalid Hattaf ("), Morocco

Defeng He (), China

Xiao-Qiao He, China

Yanchao He, China

Yu-Ling He ("), China

Ramdane Hedjar (), Saudi Arabia
Jude Hemanth (), India

Reza Hemmati, Iran

Nicolae Herisanu (), Romania
Alfredo G. Hernéndez-Diaz (%), Spain
M.I. Herreros (%), Spain

Eckhard Hitzer (), Japan

Paul Honeine (®), France

Jaromir Horacek (), Czech Republic
Lei Hou(»), China

Yingkun Hou (), China

Yu-Chen Hu ("), Taiwan

Yunfeng Hu, China

Can Huang (), China

Gordon Huang(»), Canada
Linsheng Huo (), China

Sajid Hussain, Canada

Asier Ibeas (1), Spain

Orest V. Iftime(®), The Netherlands
Przemyslaw Ignaciuk(2), Poland
Giacomo Innocenti(), Italy
Emilio Insfran Pelozo (%), Spain
Azeem Irshad, Pakistan

Alessio Ishizaka, France
Benjamin Ivorra (), Spain
Breno Jacob(?), Brazil

Reema Jain (%), India

Tushar Jain (), India

Amin Jajarmi (), Iran
Chiranjibe Jana (", India
Lukasz Jankowski (), Poland
Samuel N. Jator(:), USA

Juan Carlos Jauregui-Correa (), Mexico
Kandasamy Jayakrishna, India
Reza Jazar, Australia

Khalide Jbilou, France

Isabel S. Jesus (), Portugal

Chao Ji(», China

Qing-Chao Jiang (), China
Peng-fei Jiao (), China

Ricardo Fabricio Escobar Jiménez ("), Mexico

Emilio Jiménez Macias(®), Spain
Maolin Jin, Republic of Korea
Zhuo Jin, Australia

Ramash Kumar K (), India
BHABEN KALITA (), USA

MOHAMMAD REZA KHEDMATI(?), Iran

Viacheslav Kalashnikov (), Mexico
Mathiyalagan Kalidass (©), India
Tamas Kalmar-Nagy (), Hungary
Rajesh Kaluri (), India
Jyotheeswara Reddy Kalvakurthi, India
Zhao Kang (), China

Ramani Kannan (?), Malaysia
Tomasz Kapitaniak (©), Poland
Julius Kaplunov, United Kingdom
Konstantinos Karamanos, Belgium
Michal Kawulok, Poland


https://orcid.org/0000-0002-6900-7951
https://orcid.org/0000-0003-1562-3633
https://orcid.org/0000-0001-9423-4964
https://orcid.org/0000-0002-4132-7144
https://orcid.org/0000-0002-7626-1077
https://orcid.org/0000-0001-7017-5170
https://orcid.org/0000-0002-4116-5624
https://orcid.org/0000-0002-5319-4289
https://orcid.org/0000-0002-8304-2788
https://orcid.org/0000-0002-7273-0446
https://orcid.org/0000-0002-8055-8463
https://orcid.org/0000-0001-5322-5375
https://orcid.org/0000-0001-5579-1215
https://orcid.org/0000-0002-6248-0439
https://orcid.org/0000-0002-1607-8262
https://orcid.org/0000-0002-7239-9546
https://orcid.org/0000-0002-0960-2281
https://orcid.org/0000-0002-0794-0797
https://orcid.org/0000-0002-5636-1660
https://orcid.org/0000-0002-1716-7718
https://orcid.org/0000-0001-6772-1468
https://orcid.org/0000-0002-5032-3639
https://orcid.org/0000-0002-8183-2372
https://orcid.org/0000-0003-2719-8128
https://orcid.org/0000-0002-4648-1554
https://orcid.org/0000-0002-6091-1880
https://orcid.org/0000-0003-2968-5309
https://orcid.org/0000-0002-2392-3786
https://orcid.org/0000-0001-5284-8060
https://orcid.org/0000-0002-5587-6750
https://orcid.org/0000-0002-3042-183X
https://orcid.org/0000-0001-7045-3070
https://orcid.org/0000-0003-0271-7323
https://orcid.org/0000-0003-2153-9040
https://orcid.org/0000-0002-5055-3645
https://orcid.org/0000-0001-7128-6964
https://orcid.org/0000-0002-4737-7601
https://orcid.org/0000-0002-3044-2630
https://orcid.org/0000-0001-5094-3152
https://orcid.org/0000-0002-2867-9524
https://orcid.org/0000-0003-4420-9941
https://orcid.org/0000-0002-2110-826X
https://orcid.org/0000-0003-0855-5564
https://orcid.org/0000-0002-0536-7149
https://orcid.org/0000-0001-9446-1825
https://orcid.org/0000-0001-9983-247X
https://orcid.org/0000-0003-2300-1375
https://orcid.org/0000-0003-2768-840X
https://orcid.org/0000-0002-0252-9712
https://orcid.org/0000-0002-9773-0688
https://orcid.org/0000-0001-8167-731X
https://orcid.org/0000-0002-8961-103X
https://orcid.org/0000-0002-7545-5822
https://orcid.org/0000-0002-2657-0509
https://orcid.org/0000-0002-3402-9018
https://orcid.org/0000-0003-1049-1002
https://orcid.org/0000-0003-3367-6552
https://orcid.org/0000-0001-6749-4592
https://orcid.org/0000-0003-4554-520X
https://orcid.org/0000-0001-8361-9308
https://orcid.org/0000-0001-6228-4916
https://orcid.org/0000-0001-6747-580X
https://orcid.org/0000-0003-2323-3328
https://orcid.org/0000-0003-1374-2620
https://orcid.org/0000-0003-2073-9833
https://orcid.org/0000-0003-4103-0954
https://orcid.org/0000-0001-5672-7055
https://orcid.org/0000-0001-9651-752X

Irfan Kaymaz ("), Turkey

Vahid Kayvanfar (%), Qatar
Krzysztof Kecik (%), Poland
Mohamed Khader (%), Egypt
Chaudry M. Khalique {2, South Africa
Mukhtaj Khan (), Pakistan
Shahid Khan ("), Pakistan
Nam-Il Kim, Republic of Korea
Philipp V. Kiryukhantsev-Korneev (),
Russia

P.V.V Kishore(®, India

Jan Koci(2), Czech Republic
Toannis Kostavelis (), Greece
Sotiris B. Kotsiantis (=), Greece
Frederic Kratz(), France
Vamsi Krishna (9, India

Edyta Kucharska, Poland
Krzysztof S. Kulpa (), Poland
Kamal Kumar, India

Prof. Ashwani Kumar (), India
Michal Kunicki (%, Poland
Cedrick A. K. Kwuimy (), USA
Kyandoghere Kyamakya, Austria
Ivan Kyrchei (), Ukraine
Marcio J. Lacerda(»), Brazil
Eduardo Lalla(®), The Netherlands
Giovanni Lancioni (), Italy
Jaroslaw Latalski ("), Poland
Hervé Laurent (), France
Agostino Lauria (), Italy

Aimé Lay-Ekuakille (), Italy
Nicolas J. Leconte (#), France
Kun-Chou Lee ("), Taiwan
Dimitri Lefebvre (%), France
Eric Lefevre (I°), France

Marek Lefik, Poland

Yaguo Lei (), China

Kauko Leiviska (%), Finland
Ervin Lenzi (%), Brazil
ChenFeng Li(%), China

Jian Li(), USA

Jun Li(®, China

Yueyang Li(2), China

Zhao Li(»), China

Zhen Li(, China

En-Qiang Lin, USA

Jian Lin (%), China

Qibin Lin, China

Yao-Jin Lin, China

Zhiyun Lin (%), China

Bin Liu(®), China

Bo Liu(), China

Heng Liu (), China

Jianxu Liu (), Thailand

Lei Liu@®), China

Sixin Liu (), China

Wanquan Liu(#), China

Yu Liu(®), China

Yuanchang Liu (), United Kingdom
Bonifacio Llamazares (2, Spain
Alessandro Lo Schiavo (1), Italy
Jean Jacques Loiseau (), France
Francesco Lolli(1»), Italy

Paolo Lonetti (), Italy

Antoénio M. Lopes (), Portugal
Sebastian Lopez, Spain

Luis M. Lépez-Ochoa (%), Spain
Vassilios C. Loukopoulos, Greece
Gabriele Maria Lozito (1), Italy
Zhiguo Luo (), China

Gabriel Luque (), Spain
Valentin Lychagin, Norway
YUE MEI, China

Junwei Ma (>, China

Xuanlong Ma (), China
Antonio Madeo (1), Italy
Alessandro Magnani (), Belgium
Toqeer Mahmood (i), Pakistan
Fazal M. Mahomed (1), South Africa
Arunava Majumder (), India
Sarfraz Nawaz Malik, Pakistan
Paolo Manfredi (), Italy

Adnan Magsood (%), Pakistan
Muazzam Magqsood, Pakistan
Giuseppe Carlo Marano (), Italy
Damijan Markovic, France
Filipe J. Marques (), Portugal
Luca Martinelli(®), Italy

Denizar Cruz Martins, Brazil
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Francisco J. Martos (), Spain

Elio Masciari (), Italy

Paolo Massioni ("), France
Alessandro Mauro (1), Italy
Jonathan Mayo-Maldonado (), Mexico
Pier Luigi Mazzeo (1), Italy

Laura Mazzola, Italy

Driss Mehdi("), France

Zahid Mehmood (), Pakistan
Roderick Melnik (%), Canada
Xiangyu Meng (), USA

Jose Merodio (%), Spain

Alessio Merola (), Italy

Mahmoud Mesbah (), Iran
Luciano Mescia (), Italy

Laurent Mevel (), France
Constantine Michailides (), Cyprus
Mariusz Michta (), Poland

Prankul Middha, Norway

Aki Mikkola (%), Finland

Giovanni Minafo (1), Italy
Edmondo Minisci (), United Kingdom
Hiroyuki Mino (i), Japan

Dimitrios Mitsotakis (*), New Zealand
Ardashir Mohammadzadeh (), Iran
Francisco ]. Montdns (|2}, Spain
Francesco Montefusco (1), Italy
Gisele Mophou (%), France

Rafael Morales (%), Spain

Marco Morandini (), Italy

Javier Moreno-Valenzuela (2, Mexico
Simone Morganti (), Italy

Caroline Mota (), Brazil

Aziz Moukrim (i), France

Shen Mouquan (%), China

Dimitris Mourtzis(*), Greece
Emiliano Mucchi (), Italy

Taseer Muhammad, Saudi Arabia
Ghulam Muhiuddin, Saudi Arabia
Amitava Mukherjee (), India

Josefa Mula (%), Spain

Jose ]. Mufioz(2), Spain

Giuseppe Muscolino, Italy

Marco Mussetta (), Italy

Hariharan Muthusamy, India
Alessandro Naddeo (1), Italy

Raj Nandkeolyar, India

Keivan Navaie (), United Kingdom
Soumya Nayak, India

Adrian Neagu (), USA

Erivelton Geraldo Nepomuceno (), Brazil
AMA Neves, Portugal

Ha Quang Thinh Ngo (), Vietnam
Nhon Nguyen-Thanh, Singapore
Papakostas Nikolaos (), Ireland
Jelena Nikolic (%), Serbia

Tatsushi Nishi, Japan

Shanzhou Niu (), China

Ben T. Nohara (5, Japan
Mohammed Nouari (), France
Mustapha Nourelfath, Canada
Kazem Nouri(#), Iran

Ciro Nufez-Gutiérrez (1), Mexico
Wlodzimierz Ogryczak, Poland
Roger Ohayon, France

Krzysztof Okarma (1), Poland
Mitsuhiro Okayasu, Japan

Murat Olgun (), Turkey

Diego Oliva, Mexico

Alberto Olivares (), Spain

Enrique Onieva(:), Spain

Calogero Orlando (%), Italy

Susana Ortega-Cisneros(2), Mexico
Sergio Ortobelli, Italy

Naohisa Otsuka (%), Japan

Sid Ahmed Ould Ahmed Mahmoud (),
Saudi Arabia

Taoreed Owolabi (%), Nigeria
EUGENIA PETROPOULOU (5), Greece
Arturo Pagano, Italy
Madhumangal Pal, India

Pasquale Palumbo (1), Italy

Dragan Pamucar, Serbia

Weifeng Pan (%), China

Chandan Pandey, India

Rui Pang, United Kingdom

Jurgen Pannek (©), Germany

Elena Panteley, France

Achille Paolone, Italy
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George A. Papakostas(2), Greece
Xosé M. Pardo (), Spain

You-Jin Park, Taiwan

Manuel Pastor, Spain

Pubudu N. Pathirana (i), Australia
Surajit Kumar Paul (%), India

Luis Paya (), Spain

Igor Pazanin (2), Croatia

Libor Pekaf (), Czech Republic
Francesco Pellicano (1), Italy
Marecello Pellicciari (), Italy

Jian Peng (), China

Mingshu Peng, China

Xiang Peng (), China

Xindong Peng, China

Yuexing Peng, China

Marzio Pennisi(?), Italy

Maria Patrizia Pera (), Italy
Matjaz Perc(]), Slovenia

A. M. Bastos Pereira (1), Portugal
Wesley Peres, Brazil

F. Javier Pérez-Pinal (©), Mexico
Michele Perrella, Italy

Francesco Pesavento (1), Italy
Francesco Petrini (), Italy

Hoang Vu Phan, Republic of Korea
Lukasz Pieczonka (), Poland
Dario Piga (), Switzerland

Marco Pizzarelli (), Italy

Javier Plaza (), Spain

Goutam Pohit (), India

Dragan Poljak (i), Croatia

Jorge Pomares (), Spain

Hiram Ponce (2}, Mexico
Sébastien Poncet (), Canada
Volodymyr Ponomaryov (), Mexico
Jean-Christophe Ponsart (), France
Mauro Pontani (), Italy
Sivakumar Poruran, India
Francesc Pozo (2}, Spain

Aditya Rio Prabowo (©2), Indonesia
Anchasa Pramuanjaroenkij (), Thailand
Leonardo Primavera (), Italy

B Rajanarayan Prusty, India

Krzysztof Puszynski (%), Poland
Chuan Qin (), China

Dongdong Qin, China

Jianlong Qiu (), China

Giuseppe Quaranta (), Italy

DR. RITU RAJ (), India

Vitomir Racic(), Italy

Carlo Rainieri (), Italy
Kumbakonam Ramamani Rajagopal, USA
Ali Ramazani(), USA

Angel Manuel Ramos (%), Spain
Higinio Ramos (2}, Spain
Muhammad Afzal Rana (%), Pakistan
Muhammad Rashid, Saudi Arabia
Manoj Rastogi, India

Alessandro Rasulo (9, Italy

S.S. Ravindran (), USA
Abdolrahman Razani (), Iran
Alessandro Reali (), Italy

Jose A. Reinoso(2), Spain

Oscar Reinoso (2}, Spain

Haijun Ren (), China

Carlo Renno (19, Italy

Fabrizio Renno (1), Italy

Shahram Rezapour (), Iran
Ricardo Riaza ([, Spain

Francesco Riganti-Fulginei (), Italy
Gerasimos Rigatos (), Greece
Francesco Ripamonti (), Italy
Jorge Rivera(ls), Mexico

Eugenio Roanes-Lozano (2}, Spain
Ana Maria A. C. Rocha((?), Portugal
Luigi Rodino (9, Italy

Francisco Rodriguez (), Spain
Rosana Rodriguez Lopez, Spain
Francisco Rossomando (1)), Argentina
Jose de Jesus Rubio (i), Mexico
Weiguo Rui(), China

Rubén Ruiz (), Spain

Ivan D. Rukhlenko (1), Australia
Dr. Eswaramoorthi S. (%), India
Weichao SHI(%), United Kingdom
Chaman Lal Sabharwal (), USA
Andrés Séez (), Spain
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Bekir Sahin, Turkey
Laxminarayan Sahoo (), India
John S. Sakellariou (%), Greece
Michael Sakellariou (), Greece
Salvatore Salamone, USA

Jose Vicente Salcedo (), Spain
Alejandro Salcido (), Mexico
Alejandro Salcido, Mexico
Nunzio Salerno (i), Italy

Rohit Salgotra (), India
Miguel A. Salido (), Spain
Sinan Salih (), Iraq
Alessandro Salvini (), Italy
Abdus Samad (), India

Sovan Samanta, India
Nikolaos Samaras (), Greece
Ramon Sancibrian (%), Spain
Giuseppe Sanfilippo (1), Italy
Omar-Jacobo Santos, Mexico

] Santos-Reyes (), Mexico
José A. Sanz-Herrera(), Spain
Musavarah Sarwar, Pakistan
Shahzad Sarwar, Saudi Arabia
Marcelo A. Savi(), Brazil
Andrey V. Savkin, Australia
Tadeusz Sawik (), Poland
Roberta Sburlati, Italy
Gustavo Scaglia (2), Argentina
Thomas Schuster (), Germany
Hamid M. Sedighi (", Iran
Mijanur Rahaman Seikh, India
Tapan Senapati(), China
Lotfi Senhadji(®), France
Junwon Seo, USA

Michele Serpilli, Italy

Silvestar Sesni¢ (), Croatia
Gerardo Severino, Italy

Ruben Sevilla (%), United Kingdom

Stefano Sfarra(), Italy

Dr. Ismail Shah (%), Pakistan
Leonid Shaikhet (), Israel

Vimal Shanmuganathan (), India
Prayas Sharma, India

Bo Shen (), Germany

Hang Shen, China

Xin Pu Shen, China

Dimitri O. Shepelsky, Ukraine
Jian Shi(#, China

Amin Shokrollahi, Australia
Suzanne M. Shontz (), USA
Babak Shotorban (), USA
Zhan Shu(?), Canada

Angelo Sifaleras (), Greece
Nuno Simdes (2, Portugal
Mehakpreet Singh (1), Ireland
Piyush Pratap Singh (®), India
Rajiv Singh, India

Seralathan Sivamani(), India
S. Sivasankaran (i), Malaysia
Christos H. Skiadas, Greece
Konstantina Skouri (%), Greece
Neale R. Smith (%), Mexico
Bogdan Smolka, Poland
Delfim Soares Jr.(), Brazil
Alba Sofi(1»), Italy

Francesco Soldovieri (), Italy
Raffaele Solimene (1), Italy
Yang Song(5), Norway

Jussi Sopanen (%), Finland
Marco Spadini (), Italy

Paolo Spagnolo (), Italy
Ruben Specogna (), Italy
Vasilios Spitas(2), Greece
Ivanka Stamova (), USA
Rafal Stanistawski (), Poland
Miladin Stefanovié¢ (), Serbia
Salvatore Strano (1), Italy
Yakov Strelniker, Israel
Kangkang Sun (), China
Qiugin Sun(?), China
Shuaishuai Sun, Australia
Yanchao Sun (), China
Zong-Yao Sun(), China
Kumarasamy Suresh (%), India
Sergey A. Suslov (2, Australia
D.L. Suthar, Ethiopia

D.L. Suthar (%), Ethiopia
Andrzej Swierniak, Poland
Andras Szekrenyes (), Hungary
Kumar K. Tamma, USA
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The Internet of things (I0T) helps our everyday lives such as by monitoring objects and tracking behaviors in various settings, but
studies on enhancing the bathroom experience are rare. This article describes full details about development and implementation
of a smart health-monitoring bidet based on our study published previously in the conference. A smart bidet system is designed to
monitor the users’ health through several contact-type sensors, such as pressure, oxygen, and thermometer. The system is
equipped with a built-in artificial intelligence software platform and is designed to detect anal and spinal diseases. The attached
sensors normally operate under waterproof conditions: we tested their performances under X6 international protection marking
conditions. These devices were designed to operate properly even in extremely waterproof conditions. The temperature, pressure,

and oxygen sensors of the bidet system had error rates of about 4.1, 0.6, and 1.1 percent, respectively.

1. Introduction

When it comes to confusing and ever-changing terminology,
nothing really comes close to digital technology. From
dongles to routers, smart hubs to podcasts, the technology
world certainly has no shortage of jargon. However, one
phrase might just be worth knowing, that is, IoT. It is
certainly one of the more unusual turns of phrase, but
WLAN (wireless local area network) or WPAN (wireless
personal area network) enabled products could end up in
every home in the world, by monitoring objects and tracking
behaviors in various settings. However, studies on en-
hancing the bathroom experience are rare. Based on our
previous publication in the conference proceedings [1], this
article describes the development and implementation of a
smart health-monitoring bidet with full details including
additional and new contents we did not report earlier.
Bidets are used to clean and maintain the perianal area of
a toilet seat. They are generally attached to the seat’s heating
and cooling components [2]. The first bidet system was

introduced in France in the seventeenth centuries [3]. Today,
these electronic devices are used for various purposes, such
as cleaning, heating, and drying [4]. The seat is attached to an
electric powered nozzle that is designed to clean both male
and female anus areas [5]. Electronic bidets are usually
equipped with a mechanical or two-pronged mechanical
nozzle on one or both sides of the toilet [6, 7].

In basic bidets, a high-pressure water jet is utilized to
clean the anus and genital areas. However, in recent models,
the jets can also function autonomously. The latest energy-
saving technology for electronic bidets is a device that au-
tomatically warms up once a user approaches it [8].

Several patents about electronic bidets have been reg-
istered. One of these includes a system that uses an internal
camera to locate and identify the users’ lower body orifices;
afterwards, an electronic bidet can automatically adjust the
settings based on the user’s weight and orifice location. It can
also detect the exact size of the water droplets and adjust the
temperature and pressure [9]. Another electronic bidet has a
remote controller that is powered by a series of microforce
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sensors [10]. However, these bidets have not yet applied with
the Internet of Things.

The IoT has the potential to improve the efficiency and
effectiveness of healthcare systems by helping prevent and
manage chronic diseases of the aging population [11], and
the IoT is a network of devices that are connected through
machine-to-machine (M2M) communications. This tech-
nology enables the exchange of data and enables the col-
lection of big data and automation within a wide range of
industries. In addition, conventional bidets are being
substituted with electronic bidets that use various sensors
and a remote controller to provide additional convenience.
The electronic bidet manufacturer Novita recently collab-
orated with LGU +to control bidet functions via smart-
phone [12]. However, this bidet cannot receive biometric
information or big data; in fact, the various types of bio-
metric information acquired from the sensors are not stored
in a memory but only displayed once and then disappear. By
combining existing conventional electronic bidets with IoT
technology, the collected biometric information can be
potentially applied to the health care field [13]. IoT provides
the opportunity to develop smart wearable applications in
health sectors and to grow the existing wireless capabilities
(i.e., mobile devices, interactive sensors, and actuators) [14].

The early prediction of diseases can help prolong peo-
ple’s lives by allowing timely treatments. Within this context
and goal, we developed an electronic bidet that can be easily
accessed in everyday life and predict possible early-stage
diseases. This new type of bidet (i.e., “medical bidet”) has
integrated IoT sensing technologies and various types of
sensors (i.e., pressure, oxygen, and thermometer sensors). In
this paper, we describe the application of the medical bidet to
smart health care: it collects and analyzes personal biometric
information in a nonrecognition and nonrestraint way,
within the daily-used space of the bathroom. Section 2
describes the construction of several sensors that can be
fitted in the smart health-monitoring bidet toilet seat.
Section 3 shows the results obtained from the sensors under
waterproof International Protection Marking (IP) X6 con-
ditions. Section 4 presents the concluding remarks.

2. Materials and Methods

Figure 1 shows a schema of our smart health-monitoring
bidet end-to-end architecture. A smart health-monitoring
bidet uses various sensors (pressure, oxygen, and ther-
mometer) to detect potential and actual early-stage diseases.
The raw data collected from these sensors were automatically
processed by our dedicated software. There have six pressure
sensors at lower side of the toilet seat, and these can be used
to calculate resistance variance by measuring the difference
between the force-sensing resistor layer and the active spot
[15]. Pressure sensors can also be used to diagnose spinal
deformities and guide users to correct their body posture.
Oxygen sensors can be used to measure the amount of
hemoglobin (Hb) in the blood for checking physiological
data, instead of using the photodiode method [16, 17].
Thermometer sensors can be used to monitor the body
temperature, a vital sign that can also be combined with
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additional information to evaluate user’s health status [18].
The biological information collected through these various
sensors can be transferred to the network system through
communication channels (Bluetooth or Wi-Fi).

2.1. Pressure Sensor Module. Sitting for long periods of time
can lead to improper posture and worsen the conditions of
the spine [19]. This issue can be prevented by using pressure
sensors positioned on the lower part of the toilet seat
(Figure 2(a)), which could help avoid spine deformation by
stimulating posture correction.

Figure 2(b) shows the possible sensor detection posi-
tions: they operate based on algorithms that describe center-
of-gravity movements within nine virtual blocks to deter-
mine posture deviations. The calculation of the center-of-
gravity position in a two-dimensional space (coordinates Xi
and Yi) (Figure 2(b)) is described by the following equations
and is shown in Table 1.

4

Conziz’z‘i ;: L (1)
i-1 L'
4

CoPy:L:; L (2)
Yo F

The pressure sensor measurements are based on changes
in the resistance values derived from the pressure force in the
corresponding contact area between the active area and the
force-sensing resistor layer. The real-time resistance infor-
mation is then transformed into an analog voltage output.
The analog voltage data obtained from the pressure sensor
are transferred to a 10 bit analog-to-digital converter (ADC)
through Bluetooth, using a universal asynchronous receiver
transmitter (UART). Finally, these data are stored in a
smartphone application. Figure 3 shows a block diagram of
the module used by the pressure sensors: the sensor signal
needs to be amplified by the operational amplifier and then
converted into a digital signal by the ADC. Finally, the
weight data are transferred to a smartphone through
Bluetooth, in combination with date, time, and position
data.

2.2. Oxygen Sensor Module. Oxygen sensors were utilized to
assess oxygen saturation, which offers a value of the Hb
amount [16]. The oxygen sensor measures Hb bonded with
oxygen; in fact, when Hb is not attached to oxygen, it has a
different wavelength [20]. Two different light-emitting diode
(LED) wavelengths (660 nm and 940 nm) were used because
a 660 nm LED has a much higher absorption coeflicient ratio
than a 940-nm LED does [21]. The oxygen saturation level at
various absorption coeflicient ratios could be estimated from
the ratio between the pulsatory motions, applying the
Beer-Lamber law [22].

Figure 4 shows a schematic diagram of the oxygen sensor
module. The pulse oximetry circuit (MAX30120, Maxim
Integrated, San Jose, CA, USA) was used to scan the oxygen
saturation data, which were then processed through software
algorithms. The measurement module circuit in the bidet



Mathematical Problems in Engineering

Sensor Device

)

iot health sensor

Network

. i e ) m&?mn‘

Platform Service

¢
S BIG DATA s

U-healthcare
49

=

FIGURE 1: Smart health-monitoring bidet end-to-end architecture.
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FIGURE 2: Pressure sensor system. (a) position of four numbers; (b) the pressure sensors can detect positions within the nine virtual blocks

defined by the dashed red lines.

TaBLE 1: Center-of-gravity movements within the virtual blocks.

Block CoPx CoPy
1 CoPx < _Xthreshold COP)’ > Ythreshold
2 |CoPx| < Xhreshold CoPy>Y preshold
3 CoPx < Xihreshold CoP Y > Y threshold
4 CoPx < X reshold |C0P)’| <Y threshold
6 CoPx < Xihreshold |C0PJ/| <Y threshold
7 CoPx < Xthreshold COP}’ < _Ythreshold
8 |CoPx| < Xthreshold CoP y< _Ythreshold
9 CoPx < Xthreshold CoP Y < _Ythreshold
5 Default Default

Sensor Module Display Module

Bluetooth (Master) > Smartphone
1 Bluetooth (Slave)

Analog to digital converter

i

Operational amplifier
i

Pressure sensor

FIGURE 3: Schematic diagram of the pressure sensor and display
modules.

Sensor Module Display Module

Smartphone

Bluetooth (Master) !
f

Driver, CV amplifier, ADC,
and DAC with software
algorithm
*
| Pulse-oximetry circuit |
f
| Oxygen sensor |

Bluetooth (Slave)

FIGURE 4: Schematic diagram of the oxygen sensor system.

control board was designed to measure oxygen saturation.
Moreover, the driver circuit within was designed to convert
the voltage level to the current level and control the intensity
of the light using the LED driver board. Furthermore, a
differential current-voltage (CV) amplifier was needed: the
received signal was converted by aligning the human finger
into infrared (IR) and red LED current using an ADC and a
DAC (digital to analog converter). A microcontroller was
used to change the current controlled by the DAC (i.e., the
LED current). A low pass filter was also utilized to remove
unwanted ambient noise signals [23]. Next, measured
physiological signals were transferred to a smartphone ap-
plication through Bluetooth. Finally, the signals reflected



from the LED lights and the blood oxygen saturation (SpO2)
data were converted by first-in-first-out (FIFO) algorithms
and sent to the smartphone [24].

2.3. Thermometer Sensor Module. A thermometer sensor
measures the body temperature; then, raw data were pro-
cessed through our designed algorithm. The body temper-
ature is a physiological index of vital signs and
supplementary information related to women’s health, such
as menstruation, ovulation, and gestational period [25]. The
thermometer sensor was attached to the top of the bidet
cover, as shown in Figure 5.

2.4. Communication Module. The data collected by the
devices were transmitted to a smartphone using Bluetooth
communication protocol. The goal was to detect potential
diseases and monitor physiological symptoms (fever and
scoliosis) [26].

The developed smart health-monitoring bidet system
employed an STM32F103RCT6 microcontroller unit
(MCU). This MCU contained an ARM Cortex-M3 32 bit
RISC core (operating at 72 MHz), embedded memories,
and extensive input/output and peripheral ranges con-
nected to two advanced peripheral buses (APBs) [27]. This
component can offer three 12bit ADCs and four 16 bit
timers with two pulse width modulation (PWM), with
both standard and advanced communication interfaces
[28]. UARTO and UARATI1 were used as debug and
Bluetooth ports, respectively, for interworking with the
smartphone. In order to obtain valid physiological signals
from the sensors (thermometer, oxygen, and pressure
sensors), we adopted a communication method suitable
for the sensor characteristics and connected it to the
MCU: the MCU was designed to communicate with one
temperature sensor through a system management bus
(SMB), with four pressure sensors through a serial pe-
ripheral interface (SPI), and with one oxygen sensor
through an interintegrated circuit (IIC). The DC input
and output voltages in the low-power mode were 5V and
1.8V, respectively, while they were equal to 3.3V in the
high-performance mode.

Bluetooth is a wireless technology that enables devices to
connect to each other over short distances [29]. The com-
munication module, shown in Figure 6, is an integral part of
the smart health-monitoring bidet. It enables the user to
control the bidet’s sensors through a smartphone [30].

The data obtained from various sensors were trans-
mitted to the device ID and to the MCU in the HEXA
format. The data obtained by the sensors were treated in the
following way. First, the sensor which provided these data
was identified by the MCU based on its ID: “0 x 00 in-
dicates a pressure sensor, “0x01” a thermometer sensor,
and “0x02” an oxygen sensor. Then, the data are trans-
mitted from the MCU to a smartphone through Bluetooth
and converted into a decimal number that can be displayed
by the user. The sensor data format has a header (indicating
the start of the text [STX]), a tail (indicating the end of text
[ETX]), and a space used to delimit or separate between
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FIGURE 5: Smart health-monitoring bidet cover with the ther-
mometer sensor.

different series of sensor data. The typical sensor data
structure format and an example of thermometer sensor
data format (for a temperature of 35.6°C) are shown in
Figure 7.

3. Results and Discussion

3.1. Pressure Sensor Module. Figure 8 shows the positions of
the four pressure sensors and their wiring connectors
connected to a device for accuracy check purposes.

The weight data and the correspondent error differ-
ence, calculated by each pressure sensor (at positions 1, 3,
7, and 9, as shown in Figure 2(a)), were considered to
evaluate the pressure sensor capabilities. Table 2 shows the
error rates of four pressure sensors in different weight
settings. The measurements were conducted using push-
pull gauges in a digital force gauge machine for weights
between 10 and 50 kg (in 10 kg interval steps). The average
error of the four pressure sensors was within 4.1%, which
is a very low percentage of errors for the pressure sensor
attached at the bottom of the bidet.

3.2. Oxygen Sensor Module. The diode-emitting red infrared
light in the oxygen sensor, attached to the left side of the
bidet, was used to determine the accuracy of performance by
targeting 10 times the same skin portion (Figure 9(a)); then,
the average measurement value was calculated as shown in
Figure 9(b). A set of 10 repetitive measurements was con-
ducted every minute. Within 3 minutes, the accuracy of the
oxygen sensor had reached 100%. The value and the average
accuracy differed by 0.6%.

3.3. Thermometer Sensor Module. Body temperature as a
vital sign was obtained using the thermometer sensor. The
accuracy performance of the thermometer sensor embedded
at the top section of the bidet toilet seat was checked 10 times
(Figure 10(a)). The average accuracy was then calculated as
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FIGURE 6: Block diagram of the smart health-monitoring bidet system communication channel.
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FIGURE 7: (a) Sensor data structure format. (b) Example of thermometer sensor data format for a temperature of 35.6°C (body temperature).

F1GURE 8: Positions of the pressure sensors (on the lower side of the
bidet toilet seat) and their wiring connections.

shown in Figure 10(b). After 3 minutes, the average tem-
perature was 32.39°C, corresponding to the average body
temperature difference of 0.35°C (1.06%).

3.4. Smart Health-Monitoring Bidet System. Figure 11 shows
the Bluetooth terminal installed on a smartphone, the main
MCU, the embedded MCU, as well as all interfaces of the
thermometer, oxygen, and pressure sensors. The measure-
ment data obtained from each pressure, oxygen, and ther-
mometer sensor were converted into weight, SpO2, and
temperature data, respectively. Then, these data were sent to
a smartphone by Bluetooth and saved in a phone
application.

Figures 12(a) and 12(b) show the 3D models of the
thermometer and pressure sensors, situated on the lower
side of the smart health-monitoring bidet toilet seat.
Figure 12(c) shows the sensors attached to the bidet system.
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TaBLE 2: Percentage and average errors of each sensor for different measurements.

Error (%) for 10kg Error (%) for 20kg Error (%) for 30kg Error (%) for 40kg Error (%) for 50kg Average error (%)

Sensor 1 7.780 4.600 2.480 0.625 0.488 3.195
Sensor 3 6.620 0.180 1.967 4.650 6.704 4.024
Sensor 7 4.420 4.420 0.880 0.005 1.952 2.335
Sensor 9 0.130 1.640 1.207 0.130 4.006 1.423

*The sensor numbers (1, 3, 7, and 9) refer to the positions of the pressure sensors. The percentage and average errors were calculated considering weights of 10,

20, 30, 40, and 50 kg.
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FIGURE 9: (a) Oxygen sensor and its position on the smart health-monitoring bidet. (b) Accuracy performance test of the oxygen sensor

attached to the left side of the smart health-monitoring bidet.
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FIGURE 10: (a) The thermometer sensor and its position on the smart health-monitoring bidet. (b) Accuracy performance test of the

thermometer sensor.

The toilet seat of the bidet system is always used in the
presence of water; hence, it is essential to make the system
waterproof in order to protect the sensors and the MCU.
Because the smart health-monitoring bidet needs to
work properly in the presence of water, its waterproof ca-
pability was experimentally tested. The smart health-mon-
itoring bidet, equipped with thermometer, pressure, and
oxygen sensors, achieved an IPX6 waterproof rating: all the
sensors were functional after being sprayed with water from
all directions for 3 minutes. Figure 13 shows the experiment

conducted to verify the waterproof capability of the smart
health-monitoring bidet. Therefore, the performances of the
pressure, thermometer, and oxygen sensor functions were
checked after 3 minutes of water spray to prove the IPX6
capability of the developed smart health-monitoring bidet.

3.5. Application Software. The goal of this project was to
develop an application that can receive and send data using
wireless communication (Figure 14). It could collect bio-
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F1GURE 11: (a) Bluetooth terminal installed on a smartphone. (b) Entire interfaces of the smart health-monitoring bidet system, including
the main and embedded MCUs, as well as the thermometer, oxygen, and pressure sensors.

(a) (b)

FIGURE 12: (a) Thermometer sensors on the lower side of the smart health-monitoring bidet toilet seat. (b) Pressure and oxygen sensors on
the top and to the back of the toilet seat. (c) Photograph of the bidet with all the sensors attached.

,ﬁ‘ <d

FIGure 13: Experiment conducted to verify the waterproof capability of the smart health-monitoring bidet system.

signals related to a disease and relay them to a mobile device. It ~ device will be stored in a server and used to build big data. This
could also provide information on the severity of the disease ~ will be extended to an artificial intelligence software technology
that can be inferred. In the future, all bio-signals collected by a  that collects and informs users about their health.
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FIGURE 14: Mobile application for the smart health-monitoring bidet system.

4. Conclusions

This paper proposed a smart health-monitoring bidet system
that uses various contact sensors such as thermometer,
pressure, and oxygen. The performance of these sensors was
tested under IPX6 conditions. The pressure, oxygen, and
thermometer sensors revealed error rates of approximately
4.1%, 0.6%, and 1.1%, respectively, indicating excellent
precision. The data collected by these sensors were then
transferred to a smartphone application using Bluetooth
communication protocol. Our smart health-monitoring
bidet system can monitor various physiological data that can
detect health problems.

Currently, solutions using the IoT are changing the world
significantly. It has become very clear that more IoT devices will
appear, which are developed to facilitate routine processes by
assisting mankind in a vast range of actions. The smart
bathroom is among recent IoT solutions that are very soon to
be implemented. In this paper, we have calculated various
health indicators by measuring and analyzing bio-signals in a
nonconstrained, unrecognized environment through a health-
monitoring bidet using contact sensors, noncontact sensors,
wireless communication, and artificial intelligence software
technology. Further studies will be needed that develop this
smart bidet system into a Clinical Decision Support System
(CDSS) for patients with health problems and conduct research
to test the clinical effectiveness of the system.
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The containment of the COVID-19 pandemic was significantly affected by the unbalanced distribution of emergency supplies, low
coordinated transport efficiency, high costs, and the inability of nonprofit organizations to handle the emergency supplies
efficiently. Based on the COVID-19 experience, in this paper, we build a cloud platform for emergency supplies distribution to
reduce the asymmetry of emergency logistics information, reduce the costs, and improve the efficiency of emergency supplies
distribution. Our proposed method uses a genetic algorithm with the monarch scheme to optimize the urban emergency supplies
distribution. The numerical results and sensitivity analysis for a sample network indicate that using the proposed platform the
integrated cost in different cities are reduced by 29.01%, 28.67%, and 22.73%, the required time in different cities are reduced by
22.98%, 26.59%, and 36.65%. The results suggest that the proposed method reduces the integrated cost and transportation time

and finds the optimal distribution path.

1. Introduction

The outbreak of COVID-19 at the beginning of 2020 resulted
in a significant increase in demand for emergency supplies
worldwide. This unprecedented situation severely affected
the coordination of demand and supply due to inaccurate
decision-making and inefficient distribution of emergency
supplies. With the exponential increase in the number of
confirmed COVID-19 patients, the existing emergency
system became quickly ineffective. This resulted in the
shortage of vital emergency supplies in some affected re-
gions, caused significant pressure on the emergency workers,
and further aggravated the difficulty of containing the spread
of the COVID-19 epidemic.

The emergency services in the epidemic are defined by
the National Disaster Medical System (NDMS) as the set of
urgent healthcare or medical services required in response to
significant/catastrophic incidents, such as natural disasters,
significant outbreaks of infectious diseases, and bioterrorist
attacks [1]. Although epidemics inevitably happen, their
spread can be effectively contained by building an effective
emergency logistics system. This paper proposes a cloud

computing-based platform to incorporate Big Data, infor-
matization, and intelligence to address the emergency
supplies distribution problem in the affected regions. Our
objective is to optimize the distribution of emergency
supplies to accelerate epidemic relief. Our approach is to
integrate the supply and demand information of the
emergency supplies on the cloud platform. This reduces the
opacity of this information in the emergency logistics ser-
vices, the asymmetry of supply and demand cat egories, and
the uncertainty of distribution. Using the cloud platform, the
Big Data, including the emergency supplies, demand points,
distribution vehicles and supply, and demand information
of different emergency supplies, are processed. The cloud
platform then uses these data to optimize the connection of
each node in the emergency logistics network while effec-
tively reducing the cost of emergency logistics. This ap-
proach enables efficient and intelligent emergency supplies
distribution.

Emergency logistics is referred to the logistics service
that responds to disasters (e.g., HIN1 influenza, SARS virus,
Ebola virus, earthquake, and terrorist attack) [1]. To opti-
mize the distribution of the supplies within the required
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time-frame in the emergency logistics, various technologies
are used, for example, system dynamics [2], heuristic al-
gorithm [3-7], and Internet of Things technology [8]. In the
existing works, the optimization of emergency logistics is
mainly focused on time [9-11] and cost [6, 12-15]. However,
the distribution of supplies for COVID-19 is different from
the traditional emergency logistics and has unique features
[16]. We incorporate the unique features of the disaster
demand points in COVID-19 [16] and adopt a genetic al-
gorithm to optimize the emergency supplies distribution
subject to time constraints.

With the development of information technology, in-
formation technology has been widely used to improve the
logistics process, realizing the logistics informatization from
the network to the client. For instance, logistics alliances
[17], hyper-network theory [18], and other methods are
adopted to combine emergency supply chains to optimize
logistics services. Such techniques are based on constructing
a comprehensive emergency supplies distribution platform
to solve the multipath problem in logistics networks [18-21].
Big Data plays an essential role in the auxiliary resource
scheduling and prevention decision-making of the epidemic.
Furthermore, the application of intelligent logistics systems
effectively improves the resilience of cities in responding to
epidemics [22-24]. Therefore, establishing a unified trans-
porting and coordination mechanism for the emergency
supply chain eliminates the imbalance in the supply of
supplies and satisfies the demand for medical treatments
[25]. New technologies such as blockchain are also used in
designing efficient emergency supply chains. For instance,
blockchain technology is used to build an information
management model of supply for targeted donation and
epidemic prevention supplies, which shows that using
blockchain technology improves the performance of
emergency logistics in terms of information transparency,
credibility, efficiency, and fairness. Furthermore, it enables
efficient coordination of emergency supplies supply [26].
The aforementioned research provides significant support-
ing evidence that the combination of emergency logistics
with advanced information technologies, such as blockchain
and cloud computing platforms, plays a pivotal role in the
efficient design of such systems. Nevertheless, the current
literature has not thoroughly investigated the model build
and function design of logistics informatization. The build of
logistics information platforms in emergency disasters
(especially the COVID-19 epidemic) is still rare. So we have
combined the supplies demand features of COVID-19 to
build an emergency logistics cloud platform.

Furthermore, in some existing works, a combination of
cloud computing and logistics is used to an intelligent lo-
gistics system based on logistics informatization [27]. Fur-
thermore, in Govindan et al’s study [23], the benefits of
integrating Big Data and cloud technology into the logistics
supply chain are investigated. The build of the emergency
logistics cloud platform can rely on government depart-
ments [28]. The risks associated with network security, user
acceptance, information technology updates, and data
sharing in the logistics information platforms are managed
by devising a ladder risk management mechanism and
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optimizes the logistics cloud platform’s data sharing and
information security capabilities [29]. Also, in Lijia’s study
[30], considering the automatic matching based on the cloud
technology functions formulated the optimal dynamic co-
ordination among the users as a multiobjective optimization
problem. It is also shown by Fu et al. [31] that cloud
technology can optimize the distribution efficiency of the
emergency logistics network. Nevertheless, the existing
works seldom combine the cloud platform with emergency
logistics and rarely realize the efficiency improvement of
emergency supplies distribution through the cloud platform.
To strengthen the range of the cloud platform and improve
the distribution efficiency of emergency supplies, we com-
bine the cloud platform with emergency logistics, design an
emergency logistics cloud platform in COVID-19, and
improve the functions of the cloud platform.

Recently, some technologies are used in a wide range of
intelligent management applications for sustainability, but
these methods are rarely used in human space networks for
public health. Based on the previous research, the objective
of this paper is to optimize the urban emergency supplies
distribution plan by the cloud platform. This paper’s con-
tributions are as follows. (1) We build a cloud platform to
solve the inefficiency of the supply distribution, low dis-
tribution efficiency, and high transaction costs caused by
information asymmetry in emergency logistics. (2) The
proposed cloud platform optimizes the urban emergency
supplies distribution routes, ensures the timeliness of
emergency supplies, and reduces the cost of emergency
supplies.

2. Emergency Supplies Distribution Design
Based on a Cloud Platform

According to the “Trust Report: Cloud Computing in China”
jointly released by Alibaba Cloud, IEEE China, and Alibaba
Research Institute in 2018, more than 70% of companies
have transferred more than half of their businesses to a cloud
computing platform. The report also points out that about
43% of companies transferred all their businesses to a cloud
computing platform. This report concludes that using cloud
computing platforms has become a norm that the Chinese
business community has accepted. Based on the existing
research on Big Data and informatization in emergency
logistics [32-34], we built a cloud computing platform for
emergency supplies distribution in the epidemic. Compared
with the supply distribution model built in the existing
literature, this research adopts the cloud computing plat-
form to handle multiple supply and demand information.
We then formulate the optimal supplies distribution plan
according to the demand for supplies in different epidemic
areas. Big Data and cloud computing have been applied to
general logistics in intelligent logistics, solving optimization
problems, supply chain management, transportation path
planning, and supplies distribution [35]. The supply dis-
tribution model based on the cloud platform relies on cloud
computing, Big Data technology, communication facilities,
and various servers and network facilities. The cloud plat-
forms also have unified technical standards, system settings,
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and protocol specifications [30]. With the Internet as the
key, the cloud platform integrates subsystems to form in-
telligent and complex decision-making systems with various
functions and modules [30]. The proposed emergency
supplies distribution cloud platform (see Figure 1) com-
prises an emergency logistics system, a vehicle distribution
system, an emergency supplies system, and a core module. In
the following, we explain the module’s functions and
elaborate on the data relationship and transmission routes
between them.

The emergency logistics system connects the supply
requirements of each node to the cloud platform and
penetrates each link of the transport. The vehicle distribution
system also optimizes the cloud platform supplies distri-
bution model in terms of the information and service flows.
The system also integrates the logistics, capital, and infor-
mation flow involved in the entire supply chain into the
emergency supplies distribution cloud platform. Internet of
Things is also used to monitor logistics and transport in real-
time. The emergency supplies system combines the emer-
gency supplies provided by various suppliers with the cloud
platform to strengthen the supervision of emergency sup-
plies by nonprofit organizations. The core module is com-
posed of 4 parts: communication layer, isolation layer, cloud
computing, and Big Data. This module quickly integrates the
supply-demand information of the emergency logistics
cloud platform and feedback to each node in time and ef-
fectively [36]. This results in inefficient operation of the
logistics network, reasonable distribution of the supplies,
and optimizing the logistics costs.

The core module of the cloud platform consists of four
parts: communication layer, isolation layer, cloud com-
puting, and Big Data. The communication layer uses the
wired communication based on optical cable, metal wire,
and wireless communication to transmit the data infor-
mation of the vehicles, supplies demand, and supplies in-
ventory provided by each node. The isolation layer is to
ensure data security. The isolation method mainly comprises
network isolation with firewalls between internal and ex-
ternal source networks and data isolation with encryption
technology [37]. Cloud computing is then used to store a
massive amount of data, which are also classified and an-
alyzed. The processing of big data includes performing
secondary mining on the data to filter out the critical in-
formation, processing the filtered critical information
through intelligent algorithms, and combining the actual
demand information to analyze the optimal supply distri-
bution method. The decision information is then trans-
mitted to the nodes through the communication layer and
fed back to the actual logistics transport process.

Based on the aforementioned framework and combined
with the epidemic prevention requirements of COVID-19,
this paper builds an emergency supplies distribution aux-
iliary system in COVID-19 based on the existing Guang-
Dong Platform for Common GeoSptial Information Services
(http://guangdong.tianditu.gov.cn/). The functional struc-
ture of the system is shown in Figure 2. It includes a public
service system, epidemic prevention and control system,
mobile service system, postepidemic decision auxiliary

system, departmental coordination system, emergency
supplies management system, shared exchange system, and
interface services with other systems [38]. The system can be
quickly built based on the services provided by the
GuangDong Platform for Common GeoSptial Information
Services.

The collaboration model between the emergency sup-
plies distribution system and the auxiliary system based on
the cloud platform in the COVID-19 is shown in Figure 3.

The system design and key technologies of emergency
supplies distribution on the cloud platform are as follows.

2.1. Unified Data Management and Sharing Service. Based on
the unified data management provided by the cloud plat-
form and hierarchical sharing services for emergency de-
mand, the hierarchical management of epidemic prevention
and control can be quickly realized. It can complete hier-
archical prevention and control management at the city,
district, and town levels.

2.2. Place Name and Address Matching Service. Based on the
place name and address matching service provided by the
cloud platform, the rapid mapping of various types of ep-
idemic data is realized, and the epidemic prevention and
control map is formed promptly.

2.3. Intelligent Algorithm Service. Through intelligent algo-
rithms combined with urban population data, the distri-
bution of floating populations in high-risk areas can also be
analyzed. This facilitates targeted epidemic prevention and
control. The intelligent algorithm service of the cloud
platform is mainly reflected in the following aspects:

(i) Build a distributed spatiotemporal big data storage
engine, which uses NoSQL and SQL combination
and is compatible with HBase, Hadoop, and
PostgreSQL to realize the organization and man-
agement of large-scale heterogeneous spatiotem-
poral data.

(ii) Establish a distributed spatiotemporal Big Data
index, support multiple indexes, such as R-Tree and
GeoHash, which used distributed GIS algorithm
and combined with Spark cluster to provide large-
scale distributed memory computing.

(iii) Integrate GPU/CPU large-scale parallel computing
to provide high-performance Web-based GIS
computing services.

2.4. Public Service Platform. The public service platform can
help the construction of an emergency logistics system. For
example, Guangdong Province has met the demand of
different departments and people for data by building the
GuangDong Platform for Common GeoSptial Information
Services, realized various demands from “zero-code” con-
struction to complex secondary development.
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FIGURE 1: The framework of the emergency supplies distribution of the proposed cloud platform.

2.5. Meet Multilevel Demands. The construction of the
emergency logistics system should consider the use of CDC,
hospitals, medical institutions, and other government de-
partments and consider the use of the public.

The special distribution centers should handle the
distribution of emergency supplies. The transport reserve
system is different from the general supplies for the supply
of emergency supplies in terms of financing, reserve, and
transport [39]. To clarify the modelling boundaries, this
research obtains emergency supplies supply information
and classifies the demand information through the cloud
platform, focusing on emergency supplies distribution.
The emergency supplies distribution steps of the cloud
platform can be briefly summarized as follows: publish
supplies demand data at various demand points —
collect the emergency supplies from suppliers and dis-
tribution centers in various places — supplies reserve
and distribution plan — intelligent cloud decision-
making for supplies sorting, vehicle management, and
path selection — supplies distribution at each demand
point. The detailed flowchart of the proposed emergency
supplies distribution is presented in Figure 4. The cloud
platform is mainly responsible for the information flow
part, and the logistics part is handed over to the relevant
emergency personnel.

3. Methods

The emergency supplies are demanded during the incident,
and after a major epidemic, the emergency supplies reserved
in the city become low. Hence, the reserves are not sufficient
for the long-term needs of the city’s emergency. Note that
the demand of each demand point in the epidemic and their
urgency might be different. Therefore, it is essential to
reasonably plan the supply distribution to fluctuation
emergency supplies’ demands. The existing supply chain of
emergency supplies is generally a 3-level distribution net-
work of “supplies, supplier-distribution centers, and de-
mand points” as shown in Figure 5. However, such patterns
require more data and excessively make unrealistic as-
sumptions on time spent in the parts [40].

The traditional distribution model of emergency supplies
has complicated processes and insufficient information
communication between nodes. This is also prone to a lot of
additional costs. The distribution model of emergency
supplies based on the cloud platform (as shown in Figure 6)
can optimize the “i * j” routes between the suppliers, 7, and
the demand points j to “i +j” routes by the cloud platform,
which greatly simplifies the distribution process. Sufficient
sharing of information resources enabled by the cloud
platform enables the supplier to fully understand the
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FIGURE 2: The functions of the emergency supplies distribution system based on the cloud platform.

supplies demand of the demand point, which makes it
unnecessary for the vehicles to transit through the distri-
bution center as in the traditional model, hence can directly
complete the supplies distribution from the supplier to the
demand point. To optimize the distribution model, the time,
and the cost of the overall emergency logistics network, it is
necessary to reasonably plan the distribution route and the
position of each node to minimize the sum of the costs and
time of all routes. Furthermore, it is necessary to consider
route optimization and establish a cloud platform emer-
gency supplies distribution model to achieve optimal sup-
plies distribution.

Concerning the actual scenario of emergency supplies
distribution in COVID-19, the following assumptions are
made in combination with the characteristics of the cloud
platform:

(1) In the process of emergency supplies distribution, a
vehicle can only transport one kind of supplies at a
time.

(2) The transaction cost does not incur in the distri-
bution of emergency supplies based on the cloud
platform.

(3) The cloud platform in this paper is led by the state.
Hence, the node does not need to consider the
construction cost of the cloud platform.

3.1. Parameter Setting. The relevant parameters and decision
variables of the emergency supplies distribution model are
presented in Table 1.

3.2. System Model. Based on the aforementioned model, the
cost of the emergency supplies distribution model in the
epidemic is

MinC=H+) Y Y ) Cix;j
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The objective function in equation (1) represents the
minimum integrated cost of the traditional emergency
supplies distribution, including the transaction cost in the
distribution of emergency supplies, the loading and
unloading cost, and the transportation cost. Equation (2)
also represents the minimum integrated cost of emergency
supplies distribution based on the cloud platform, including
the loading and unloading costs and transportation costs.
Equations (3) and (4) are the minimum time in the tradi-
tional and cloud platform models, respectively, including the
loading and unloading and transportation time. We also
have the following constraints:

Z Z injkn:agk:VjGI,VpEP, (5)
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where equations (5) and (6) ensure that if the distribution
center # is selected to serve the point pair p, there must be a
vehicle to transport emergency supplies; otherwise, no
distribution center is selected. Equations (7) and (8) indicate
that the emergency supplies from supplier i to demand point
j must be solely transported through the distribution center
n. Equations (9) and (10) also ensure that only one path can
be selected for transportation at a time in the traditional
model. We further need to make sure the following:

> Di=)S;, (11)
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TaBLE 1: Parameters, sets, and decision variables.

Symbol Description

d}j The distance from the supplier i to the demand point j (km)

d2 The distance from the supplier i to the distribution center n (km)

d?n The distance from the demand point j to the distribution center n (km)

G The unit transportation capacity of the vehicle k from the supplier i to the demand point j through the distribution center n
yrn (tons)

Cijk The cost of per vehicle per unit distance (yuan/km)

v Vehicle speed (km/h)

1 The set including suppliers indexed by i, I={0, 1, 2,..., i}

J The set including demand points indexed by j, J=1{0, 1, 2,..., j}

P The set including supply and demand point pairs from supplier i to the demand point j

N The set including distribution centers indexed by n, N={0, 1, 2,..., n}

K The set including the transport vehicles indexed by k, K={1,2,..., k}

G, Maximum load of the distribution center # (tons)

T; The loading and unloading time (h)

C The loading and unloading cost (yuan)

D; The set including emergency supplies provided by the supplier i

Qx Maximum load of transport vehicles (tons)

S; The set including emergency supplies received by demand point j

C The comprehensive cost of emergency supplies distribution of the cloud platform (yuan)
d° The number of emergency supplies between the point pair p in the period, pP

H The transaction cost between nodes without cloud platform service (yuan) V=IN
Xijkn 10,1} If the vehicle k from the supplier 7 to the demand point j through the distribution center #, then x;j, = 1, otherwise x;j, =0
v {0,1} If the cloud platform service is not opened, then y =1, otherwise y=0

a’, {0,1} Ifthe supplier i to the demand point j is transported by the vehicle k and serves the point pair p, then a,; = 1, otherwise a,;; =0

Zagkqijkngwny,VnEN, (13) Zqijknssj’vjej’ (16)
peP iel

Gijin 20, Vi € V,Vj € V,Vk € K, (14) a;’; €{0,1},Vie V,Vje V,Vk e K,Vp € P, (17)
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In the aforementioned equations, equation (11) ensures
that the number of emergency supplies provided by all
suppliers is the same as all demand points received it.
Equation (12) enforces the transportation capacity con-
straint, which requires that the distribution center n se-
lected for the transport path between the point pair p must
be active. Equation (13) also enforces the transportation
capacity of the distribution center n. Equations (14) to (16)
also apply the transportation capacity constraints between
the points, where equations (17) to (18) are the decision
variables related to the emergency supplies distribution
model.

3.3. Algorithm Design. The distribution of emergency sup-
plies in the epidemic based on cloud platforms extends the
traditional logistics transport problem. Furthermore, the
emergency supplies distribution model in this paper involves
multiple distribution centers and multiple demand points.
Therefore, it is necessary to adopt an intelligent optimization
algorithm to solve the problem. Here, we propose using the
genetic algorithm. The steps of the genetic algorithm in this
research are as follows:

Step 1: Population Initialization. Number each demand
point, randomly arrange and generate chromosomes,
and reserve them in a matrix to form the initial
population.

Step 2: Calculate Fitness. Calculate the transport dis-
tance of each chromosome in the initial population.
Then add the supply requirements of each demand
point and the upper limit of the vehicle load into the
fitness calculation to find the shortest average time and
route. Set the number of iterations g=1.

Step 3: Selecting the Chromosome. Select the chromo-
some with the lowest fitness in this generation as the
father’s chromosome, and leave the ascending chro-
mosomes as the mother’s chromosome.

Step 4: Cross-Variation. Using the monarch scheme,
the chromosome with the highest fitness value is se-
lected as the monarch chromosome. It is then placed in
the odd-numbered position of the entire population
and forms a pair with the even-numbered position of
the latter one. The number of crossover points is then
determined according to the crossover probability
(P.=0.8), and the population is randomly selected
according to the variation probability P,, (P, =0.3)
after the cross-operation [41]. The next generation of
chromosomes is then generated.

The algorithm calculates the fitness of the population
individuals after cross-variation. The minimum fitness of the
generation g and the corresponding individual value are
recorded. Then it is checked whether the number of itera-
tions exceeds the maximum allowed iterations, G. If so, the
cycle is stopped, otherwise g =g + 1, and it returns to Step 4
to re-execute the monarch plan [41-44]. The flowchart of the
algorithm is shown in Figure 7.

4. Experimental and Data Analysis

To optimize the distribution of emergency supplies, we use
MATLAB-generated data using the actual coordinate dis-
tribution on the map. We also modify some of the pa-
rameters of the sample city for sensitivity analysis and then
analyze the stability of the supplies distribution path. In
these models, a distribution center n, undertakes the
transportation task from multiple suppliers i to demand
points j. When the vehicle is transported in the traditional
model, the supplies are loaded once at the supplier, then
loaded and unloaded once at the distribution center, and
unloaded once at the demand point. The vehicle only needs
to load the supplies once at the supplier and unload the
supplies at the demand point in the cloud platform model.
For brevity, this paper does not consider the fixed opening
cost of each point in the emergency logistics network. The
points and data in this experiment are based on the Baidu
map (https://map.baidu.com/) and the relevant literature
[42-45], optimizing the results through MATLAB.

4.1. Emergency Logistics Optimization in the Seriously Affected
City Based on the Cloud Platform. The main stations and
logistics parks in the seriously affected city are selected as the
suppliers. The Red Cross Society and the relevant govern-
ment departments in the city are selected as the distribution
centers. The eight main hospitals in the city are selected as
the demand points. The relevant data for each point in the
emergency logistics model is presented in Table 2.

Table 3 shows the distance between suppliers, distri-
bution centers, and demand points in the seriously affected
city.

This paper assumes that during the opening of each
point, the emergency supplies between suppliers and de-
mand points in the seriously affected city are as presented in
Table 4.

After the optimization in MATLAB, the integrated cost
of the emergency logistics model in the seriously affected city
is obtained and shown in Figure 8. The emergency logistics
plan is also presented in Table 5. The integrated cost of the
emergency logistics in the traditional model is 21,030 yuans,
and the integrated time is 17.54; the integrated cost of
emergency logistics based on the cloud platform is 14,930
yuans, and the integrated time is 13.51. It means a reduction
of 29.01% of the cost and 22.98% of the time using the
proposed cloud platform. The distribution path of emer-
gency supplies from suppliers and demand points are also
shown in Table 5. For instance, for Demand Point 1, in the
traditional emergency logistics model, the supplies it re-
ceived are provided by Supplier 2 through the 3rd vehicle of
Distribution Center 3, Supplier 3 through the 1st vehicle of
Distribution Center 1, and also Supplier 4 through the Ist
vehicle of distribution Center 3. In the emergency logistics
based on the cloud platform, Demand Point 1 can directly
receive emergency supplies provided by Suppliers 2, 3, and 4
without transferring through the distribution center. As it is
seen, using the proposed cloud platform, emergency supplies
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FIGUure 7: The flowchart of the genetic algorithm for optimization.

can be transported directly from the supplier to the demand
point, significantly reducing the transportation process.

4.2. Emergency Logistics Optimization in the General Affected
City Based on the Cloud Platform. The main stations and
logistics parks in the general affected city are selected as the
suppliers. The Red Cross Society and the relevant govern-
ment departments in the city are selected as the distribution
centers. The four main hospitals in the city are selected as the
demand points. The relevant data for each point in the
emergency logistics model is presented in Table 6.

Table 7 shows the distance between suppliers, distri-
bution centers, and demand points in the general affected
city.

This paper assumes that during the opening of each
point, the emergency supplies between suppliers and de-
mand points in the general affected city are as presented in
Table 8.

After the optimization in MATLAB, the integrated cost
of the emergency logistics model in the general affected city
as shown in Figure 9 and the emergency logistics plan in the
general affected city as shown in Table 9. The integrated cost
of the emergency logistics in the traditional model is 11,670
yuans, and the integrated time is 10.20; the integrated cost of
emergency logistics based on the cloud platform is 9,070
yuans, and the integrated time is 7.49. It means a reduction
of 28.67% of the cost and 26.59% of the time using the
proposed cloud platform. The distribution path of emer-
gency supplies from suppliers and demand points in the
general affected city is shown in Table 9.

4.3. Emergency Logistics Optimization in the Minor Affected
City Based on the Cloud Platform. The main stations and
logistics parks in the minor affected city are selected as the
suppliers. The Red Cross Society and relevant government
departments in the city are selected as the distribution
centers. The two main hospitals in the city are selected as the
demand points. The relevant data for each point in the
emergency logistics model is presented in Table 10.

Table 11 shows the distance between suppliers, distri-
bution centers, and demand points in the minor affected
city.

This paper assumes that during the opening of each
point, the emergency supplies between suppliers and de-
mand points in the minor affected city are as presented in
Table 12.

After the optimization in MATLAB, the integrated
cost of the emergency logistics model in the minor af-
fected city as shown in Figure 10, and the emergency
logistics plan in the minor affected city as shown in Ta-
ble 13. The integrated cost of the emergency logistics in
the traditional model is 4,840 yuans, and the integrated
time is 3.15; the integrated cost of emergency logistics
based on the cloud platform is 3,740 yuans, and the in-
tegrated time is 1.99. It means a reduction of 22.73% of the
cost and 36.65% of the time using the proposed cloud
platform. The distribution path of emergency supplies
from suppliers and demand points in the minor affected
city is shown in Table 13.

The aforementioned cases show that the cloud platform
has played a critical role in reducing the cost and time of
emergency supplies distribution. With the city’s emergency
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TaBLE 2: Relevant points and parameters in the seriously affected city.
Parameter Symbol Value Parameter Symbol  Value
Maximum load of transport vehicles Q 100t Number of transport C\;elilecrles in the distribution K 3
Vehicle speed v 60 Emergency supplies received by Demand Point 1 S 120t
Maximum load of Distribution Center 1 G, 200t Emergency supplies received by Demand Point 2 S, 160t
Maximum load of Distribution Center 2 G, 220t Emergency supplies received by Demand Point 3 S; 155t
Maximum load of Distribution Center 3 ~ G3 170t Emergency supplies received by Demand Point 4 S, 135t
Maximum load of Distribution Center 4 G4 150t Emergency supplies received by Demand Point 5 Ss 110t
Maximum load of Distribution Center 5 Gs 180t Emergency supplies received by Demand Point 6  S¢ 95t
Elrlrllfglgi:f Cly supplies provided by D, 180t Emergency supplies received by Demand Point 7 S, 140t
Emergency supplies provided by D, 220t Emergency supplies received by Demand Point 8 Ss 120t
Supplier 2
Emergency supplies provided by D, 140t Emergency supplies provided by Supplier 5 D5 150t
Supplier 3
Emergency supplies provided by D, 160t The loading and unloading time Tl 0.5
Supplier 4
The loading and unloading cost C 100 yuan The transaction cost in traditional model H yioa(il
The cost of per vehicle per unit distance ¢y, 7 yuan/t * km

TaBLE 3: Distance of each point in the seriously affected city.

Distribution Center 1 Distribution Center 2 Distribution Center 3 Distribution Center 4 Distribution Center 5

Supplier 1 12.3 17.1 13.5 16.2 15.1
Supplier 2 6.5 15.3 4.7 14.2 6.8
Supplier 3 16.5 7.7 17.5 6.4 15.4
Supplier 4 36.6 53.9 63.6 51.4 40.2
Supplier 5 25.3 37.1 44.7 39.3 30.2
Demand Point 1 34.3 33.2 32.8 28.5 32.2
Demand Point 2 18.7 29.3 18.8 29.8 19.6
Demand Point 3 15.5 58 16.7 4.5 15.2
Demand Point 4 139 7.1 12.3 5.5 11.3
Demand Point 5 6.3 15.2 43 13.9 7.8
Demand Point 6 39 14.4 33 13.3 6.3
Demand Point 7 5.6 18.4 5 15.6 5.7
Demand Point 8 4.4 16.9 39 15.5 5.2
TaBLE 4: Emergency supplies between suppliers and demand points in the seriously affected city.
Supplier 1 Supplier 2 Supplier 3 Supplier 4 Supplier 5
Demand Point 1 0 80 100 70 0
Demand Point 2 80 50 0 0 30
Demand Point 3 70 0 70 0 40
Demand Point 4 0 40 60 30 0
Demand Point 5 60 50 0 40 20
Demand Point 6 0 30 50 30 30
Demand Point 7 90 0 60 20 0
Demand Point 8 60 60 0 70 0

levels, the cloud platform has a bigger effect on cost
optimization.

4.4. Sensitivity Analysis. Different levels of urban emergency
logistics have different integrated cost and distribution paths
due to different factors, such as supplies demand and

transportation capacity constraints. With the level of
emergency increased, the demand for emergency supplies
and the cost of transportation increased. It is seen that the
unit transportation cost ¢;jx, and the loading and unloading
cost C; have significant impacts on the supplies distribution.
To further verify the impact of these factors on the emer-
gency logistics based on the cloud platform, this paper
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TaBLE 5: The distribution path of emergency supplies in the seriously affected city.

Without the cloud platform With the cloud platform
Supplier Demand Point Distribution path Supplier Demand Point Distribution path
2 1 2—3—1 (1) 2 1 2—>1
3 1 3—1—1 (3) 3 1 3—1
4 1 4—3—1 (1) 4 1 4—1
1 2 1—4—2 (3) 1 2 1—2
2 2 2—3—2 (1) 2 2 2—2
5 2 5—4—2 (1) 5 2 5—2
1 3 1—4—3 (1) 1 3 1—3
3 3 3—4—3 (2) 3 3 3—3
5 3 5—1—3 (2) 5 3 5—3
2 4 2—1—4 (3) 2 4 2—4
3 4 3—4—4 (3) 3 4 3—4
4 4 4—5—4 (2) 4 4 4—4
1 5 1—4—5 (3) 1 5 1—5
2 5 2—5—5 (2) 2 5 2—5
4 5 4—3—5 (2) 4 5 4—5
5 5 5—5—5 (2) 5 5 5—5
2 6 2—3—6 (3) 2 6 2—6
3 6 3—3—6 (2) 3 6 3—s6
4 6 4—1—6 (2) 4 6 4—6
5 6 5—1—6 (3) 5 6 5—6
1 7 1—1—7 (3) 1 7 1—7
3 7 3—3—7 (3) 3 7 3—7
4 7 4—3—7(2) 4 7 4—7
1 8 1—3—8 (1) 1 8 1—8
2 8 2—2—8 (3) 2 8 2—8
4 8 4—5—8 (2) 4 8 4—8




Mathematical Problems in Engineering 13

TaBLE 6: Relevant points and parameters in the general affected city.

Parameter Symbol Value Parameter Symbol  Value
Maximum load of transport vehicles Q 100t Number of transport ;eﬁﬁes in the distribution K 3
Maximum load of Distribution Center 1 G, 170t Vehicle speed v 60
Maximum load of Distribution Center 2 G, 150t Emergency supplies received by Demand Point 1 S 120t
Maximum load of Distribution Center 3 ~ Gj 180t Emergency supplies received by Demand Point 2 S, 110t
Emergency supplies provided by D, 110t Emergency supplies received by Demand Point 3 S; 100t
Supplier 1
Emergency supplies provided by D, 130t Emergency supplies received by Demand Point 4 S4 130t
Supplier 2
Emergency supplies provided by D; 90t The loading and unloading cost C 100
Supplier 3 yuan
Emergency supplies provided by D, 100t The loading and unloading time Tl 0.5
Supplier 4
The cost of per vehicle per unit distance ¢, 7 yuan/ The transaction cost in traditional model H 300
t * km yuan
TaBLE 7: Distance of each point in the general affected city.
Distribution Center 1 Distribution Center 2 Distribution Center 3
Supplier 1 44.8 15.2 14.7
Supplier 2 35.5 5.1 5.5
Supplier 3 90.3 65.2 50.3
Supplier 4 38.9 222 19.9
Demand Point 1 48.6 8.4 9.5
Demand Point 2 36 9.1 8.8
Demand Point 3 333 9.6 7.7
Demand Point 4 44.4 8.2 7.3
TaBLE 8: Emergency supplies between suppliers and demand points in the general affected city.
Supplier 1 Supplier 2 Supplier 3 Supplier 4
Demand Point 1 0 100 0 80
Demand Point 2 90 0 120 130
Demand Point 3 130 100 80 0
Demand Point 4 0 0 110 70
changes the value of ¢, and C; keeping the other pa- decreased. In contrast, the impact of the loading and
rameters unchanged. We then explore the impact of these unloading cost of emergency logistics is increased.
parameters on the integrated cost to investigate the stability (2) The cloud platform can play a good role in opti-
of emergency logistics. The final results are presented in mizing the integrated cost of emergency logistics; the
Table 14. effect increases with the increasing emergency levels.

The sensitivity analysis of different parameters in Table 6

suggests the following; (3) Although the integrated cost of the emergency lo-

gistics fluctuates by the changes in parameters, the

(1) Given a limited amount of time, with the intensifi- distribution path and the integrated time have not
cation of emergency levels (or increasing the number changed. This confirms that the distribution model is
of demand points), the impact of the unit trans- stable and can optimize the distribution path of the

portation cost of the emergency logistics is emergency supplies.
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FIGURE 9: Integrated cost in the general affected city.
TaBLE 9: The distribution path of emergency supplies in the general affected city.
Without the cloud platform With the cloud platform
Supplier Demand point Distribution path Supplier Demand point Distribution path
2 1 2—1—1 (3) 2 1 2—>1
4 1 4—3—1 (3) 4 1 4—1
1 2 1—2—2 (1) 1 2 1—2
3 2 3—2—2(2) 3 2 3—s2
4 2 4—3—2 (3) 4 2 4—2
1 3 1—3—3 (3) 1 3 1—3
2 3 2—3—3 (1) 2 3 2—3
3 3 3—2—3 (3) 3 3 3—3
3 4 3—3—4(2) 3 4 4—4
4 4 4—1—4 (1) 4 4 4—4
TaBLE 10: Relevant points and parameters in the minor affected city.
Parameter Symbol Value Parameter Symbol  Value
Maximum load of transport vehicles Qs 100t Number of transport Cveej};crles in the distribution K 3
Maximum load of Distribution Center 1 G, 100t Vehicle speed v 60
Maximum load of Distribution Center 2 G, 100t Emergency supplies received by Demand Point 1 S 90t
Emergency supplies provided by D, 70t Emergency supplies received by Demand Point 2 S, 110t
Supplier 1
]SES;;;I?:? CZY supplies provided by D, 70t Emergency supplies provided by Supplier 3 D; 60t
The loading and unloading cost Cl 100 yuan The loading and unloading time Tl 0.5
The cost of per vehicle per unit distance  ¢;x, 7 yuan/t * km The transaction cost in traditional model H 300

yuan




Mathematical Problems in Engineering

TaBLE 11: Distance of each point in the minor affected city.

15

Distribution Center 1

Distribution Center 2

Supplier 1 11.1 8.2
Supplier 2 23.2 27.1
Supplier 3 9.3 12.3
Demand Point 1 2.8 2.8
Demand Point 2 1.9 3.7
TaBLE 12: Emergency supplies between suppliers and demand points in the minor affected city.
Supplier 1 Supplier 2 Supplier 3
Demand Point 1 100 0 120
Demand Point 2 90 110 0
Integrated Cost in the Minor Affected City
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FIGURE 10: Integrated cost in the minor affected city.

TaBLE 13: The distribution path of emergency supplies in the minor affected city.

Without the cloud platform With the cloud platform

Supplier Demand point Distribution path Supplier Demand point Distribution path
1 1 1—1—1 (4) 1 1 1—1
3 1 3—1—1 (1) 2 1 2—>1
1 2 1—1—2 (2) 2 2 2—2
2 2 2—2—2 (2) 3 2 3—2
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TaBLE 14: Sensitivity analysis of emergency logistics supplies distribution.

Seriously affected city

General affected city Minor affected city

Symbol Value Cost Degree of Cost Degree of Cost Degree of
(yuan) change (yuan) change (yuan) change

35 16,165 ~23.13% 8135 ~30.29% 3370 ~30.37%
Cikn 7 21,030 — 11,670 — 4840 —

. 14 30,760 +46.27% 18,740 +60.58% 7780 +60.74%

Without the cloud platform 50 15,830 ~24.73% 9670 ~17.14% 4040 ~16.53%
G 100 21,030 — 11,670 — 4840 —

200 31,430 +49.45% 15,670 +34.28% 6440 +33.06%

3.5 10,065 ~32.59% 5535 ~38.97% 2270 ~39.30%
Cikn 7 14,930 — 9070 — 3740 —

_ 14 24,660 +65.17% 16,140 +77.95% 6680 +78.61%

With the cloud platform 50 12,330 ~17.41% 8070 ~11.03% 3340 ~10.70%
G 100 14,930 - 9070 — 3740 —

200 20,130 +34.83% 11,070 +22.05% 4540 +21.39%

5. Conclusion and Future Works

The logistics industry plays a vital role in the distribution of
emergency supplies. In this paper, we devised a cloud platform
for emergency supplies distribution. By establishing an urban
emergency supplies distribution path optimization model, our
proposed platform optimizes the supplies distribution routes in
the epidemic and reduces emergency logistics costs and time.

Although this research has optimized the distribution
mode and costs of emergency supplies based on cloud
platforms in the epidemic, the results of this research can be
extended in the following directions:

(1) Further investigation of multiobjective optimization
to achieve the optimal cost and the shortest time for
the emergency supplies distribution based on the
cloud platform.

(2) Considering the situation of reverse logistics in
emergency logistics and optimizing the emergency
supplies distribution model from a general perspective.

(3) Considering cross-regional/countries distribution of
emergency supplies based on a cloud platform.

(4) At present, there are not many academic studies on
the accuracy of cloud platforms supplies distribution
[46-48]. In the future, new experimental results will
be combined to prove the accuracy and eftectiveness
of the cloud platform.
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With the rapid expansion of the gambling industry in Asian markets over the past decade, South Korea has implemented policies
seeking to expand entertainment gambling while simultaneously seeking to reduce possible harms from problem gambling. In 2016,
the mandatory electronic players’ card (EPC) system was adopted into specific Korean horse and cycling venues to discourage
problem gambling behaviors since it prohibits large bets, while permitting other venues to autonomously operate EPC systems. This
study compares preliminary data from mandatory versus autonomous venues to explore how EPC systems impact gambling
behaviors, revenues, and policies. Overall, electronic cards were more widely adopted in mandatory venues for horse betting and in
autonomous venues for cycling betting. Analyses indicate that larger bets were placed at both horse- and cycle-betting venues with
autonomous card registration versus mandatory venues. While the EPC system mitigated problem gambling behaviors in horse
betting, this impact was not observed for cycle betting. Such differences indicate that users across different types of sport betting
exhibit somewhat distinct characteristics and behaviors in using electronic cards, which could shed light on the sustainable gambling
strategy of adopting technology-driven EPC systems in sport betting not only in South Korea but also elsewhere around the world.

1. Introduction

There has been a rapid expansion of the transnational casino
industry into Asian markets over the past decade [1]. Asia
has become the most dominant regional market shaping the
gambling industry, with a compounded expansion rate of
roughly 20 percent between 2011 and 2015 and a global
market share estimated at roughly 45% by 2015 [2, 3].
Forecasts regarding the Asian Pacific region continue to
point to growth and expansion in the region, with Macau,
Australia, and Singapore leading as the top three gambling
destinations, respectively [2]. An exception to the explosive
Asian growth model comes when looking at South Korea;
while an established gambling economy, competition from
Macau and Japan has been projected to negatively impact
gambling revenues in Korea, leaving this nation with flat or

slightly lower revenues when compared to other Asian
countries [2]. At the same time, the increasing middle class
of Mainland China and change in attitudes toward gambling
have resulted in competitive markets rising across Asia to
attract tax dollars and revenues, with Korea seeking to attract
its share of casino tourism revenues with the adoption of
more liberalized legalized gambling policies [4].

Toward this end, and in keeping with worldwide trends
expanding gaming in Asian markets, Korea has imple-
mented gradual regulations since the late 2000s by executing
a multistep plan by the Korean National Gambling Control
Commission (hereinafter the “NGCC”). These initiatives,
collectively known as the National Master Plan, represent a
public policy response under a responsible gaming frame-
work which seeks to expand entertainment gambling while
simultaneously addressing possible harms to individuals,
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families, and communities that come from excessive and
irresponsible gambling [5]. At the same time, these policies
reflect the Korean government’s efforts to positively reshape
and shift attitudes toward legalized gambling from one
perceived as a “vice” to one that perpetuates the “enter-
tainment” and “fun” of recreational gambling [6]. This
dramatic shift in Korean government policies that seek to
reframe gambling as a procommunity and recreational ac-
tivity reflects the more proliberalization Reno Model em-
ulated by other countries such as Singapore, the United
States, Australia, and Macau [7, 8].

In 2010, the first stage of the National Master Plan
piloted electronic players’ card (EPC) systems which was
supposed to launch a small number of gambling venues
across horse, bicycle, and motorboat racing, casinos, and
sports betting sites (e.g., Sports Toto) [9]. Very few indi-
vidual gamblers actually opted into the card program, and
the NGCC reported serious inconveniences for those in-
dividuals who tried to use the system. In July of 2012, the
NGCC launched a second pilot program after considering
feedback from industry stakeholders and experts, with 10%
of all horse- and cycling-racing venues implementing one of
two options: (1) venues completely banning cash bets and (2)
venues allowing a certain amount of maximum bet. The
second National Master Plan began in 2014 with the goal of
increasing the ratio of electronic card users and bets made
from the cards.

The introduction of the EPC system in Korea was
proposed as a policy to address the social negative side effects
of the gambling industry [5]. In addition, it was argued that
adopting this system would enhance the integrity and
transparency of gambling activities as a form of recreation
and fun while helping to curb the potential for gambling
addictions to form or be furthered at these betting sites [10].
In theory, the introduction of electronic cards discourages
problem gambling behaviors because they prohibit an in-
dividual from betting over KRW 100,000 in a single game
(with an estimated conversion rate of roughly $1
USD =1100 KRW). If players are required to bet only by
using the electronic card, it is possible to cap a single bet at
an amount below KRW 100,000. This adoption of EPC
system fundamentally bars any single bet to exceed KRW
100,000 and, hence, it is deemed to improve the efficacy of
the regulation on betting amounts and, further, have the
benefit of reducing gambling addiction. However, in reality,
it is possible to exceed the maximum bet amount by using
the EPC for one maximum bet and then placing cash bets for
the same race at any venue that allows cash transactions. At
casinos, patrons similarly may place two or more bets si-
multaneously in machines or at tables at the KRW 100,000
maximum amount, thereby bypassing EPC restrictions.

However, significant controversies exist in the empirical
literature regarding the impact of the electronic card system
on gambling addiction effects and the negative effects de-
rived from the introduction of the electronic card system. If
electronic card system is implemented, the revenue would
greatly decline, which would harm the business foundation
of legal gaming industry and may lead to the decrease in tax
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revenue [11]. Moreover, the adoption of EPC systems would
decrease the privacy of users and further encourage illegal
betting due to the maximum caps that players were limited
to [12], thereby increasing the side effects such as gambling
addiction [13]. Due to such opposing opinions, the NGCC
has been continuously delaying the full adoption of the
electronic card system in Korea. While relatively more
studies have been evaluated on the economic impacts of EPC
systems [14] or focused on other types of gambling in Korea,
such as casinos [15] and arcade games [16], it appears that
there is a lack of support in the literature for the aim of the
EPC systems to prevent gambling addiction or enhance
customer convenience versus if no EPC system was adopted,
for the case of betting on horse and cycle races.

In February of 2016, the Korean government adopted the
mandatory use of electronic card into select horse and cycle
venues. Hence, while some venues were required to use
electronic cards for horse-racing and cycling businesses,
others were provided with autonomy—rather than obliga-
tion—of choosing to adopt EPC systems. Introducing a
mandatory system in specific horsing and bicycling venues
while permitting other venues to autonomously operate
their businesses with an option of EPC systems in Korea
offers researchers an ideal opportunity to explore how EPC
systems impact gambling behavior, revenues, and respon-
sible gambling policies. With such selective adoption
practices, the Korean government created a natural exper-
iment whereby the policy effects of mandatory adoption of
electronic cards can be compared to venues granted the
autonomous adoption of electronic cards.

Thus, we aim to evaluate the impacts of the EPC system
adopted in specific Korean horse- and bicycling-racing
venues on gambling behavior, revenue, and responsible
gambling policies. We used the data collected in the project
conducted by the authors in 2016 [17] which examined the
policy effects of mandatory versus autonomous electronic
card systems by comparing measures across horse- and
bicycling-racing venues that were required to adopt elec-
tronic cards versus other horsing and bicycling venues where
adoption of electronic cards was not mandated. The fol-
lowing are the major contributions of this paper:

(i) This paper contributes to the gambling study lit-
erature by utilizing government data from the
National Gambling Control Commission (NGCC)
of Korea as it rolled out an EPC system as both
autonomous (voluntary registration) and manda-
tory (all players must use cards) across select legal
horse- and cycle-racing venues

(i) It is the first study, to our knowledge, to offer an
exploratory analysis of empirical data on EPC
system from Korea, which highlights the role of
technology in sustainable gambling

(iii) It offers a valuable first look into the impact of this
launch of selective EPC systems whereby the policy
effects of mandatory adoption of electronic cards
can be compared to venues granted the autonomous
adoption of electronic cards



Mathematical Problems in Engineering

The rest of the paper is organized as follows. Section 2
describes the data and methodology of the current study,
and Section 3 presents the results on the impact of man-
datory and voluntary adoption of EPC systems on gambling
outcomes in horse- and cycle-betting venues, respectively.
Section 4 discusses the implication of the findings and
Section 5 concludes the results of this study.

2. Materials and Methods

We aim to make a comparative evaluation on whether there
is any difference in gambling behavior and outcomes be-
tween mandatory and autonomous policies of operating
electronic card system in horse-racing and cycle-racing
businesses in South Korea. Mandatory-type venues require
the use of electronic cards only when betting at least KRW
50,000 (USD 45 based on a conversion rate of $1
USD =1110 KRW), while autonomous-type venues permit
bets to be placed in cash or through electronic cards in all
bet amount ranges. The key variables to be compared
between mandatory-type versus autonomous-type venues
include the following: (1) average purchase amount per
ticket issued, (2) average purchase amount per person, (3)
total number of tickets issued per person, and (4) the
proportion of tickets in each betting range among the total
number of tickets issued.

The data were collected from nine gambling venues (six
horse-racing and three cycle-racing) for 20 weeks between
February and June 2016. During this period, NGCC des-
ignated three horse-racing venues (Incheon, Jung-Gu;
Daegu; and Changwon) and one cycle-racing venue
(Gunpo) as mandatory and three horse-racing venues
(Incheon, Nam-Gu; Seoul; and Busan) and two cycle-racing
venues (Cheonan and Uijeongbu) as autonomous. All
venues were comparable in terms of total revenue, total
number of customers, and tickets issued. More details of the
data can be found in the final project report submitted to
National Gambling Control Commission by the authors
(2016).

3. Results

3.1. Horse Betting. Table 1 summarizes the results of the
comparison between mandatory-type venues and autono-
mous-type venues for horse-betting data in terms of the
proportion of cash versus electronic cards among the total
number of tickets issued and the total revenue, the average
purchase amount per ticket issued and per person, and the
proportion of each betting range among the total number of
tickets issued.

As shown in Table 1, for both mandatory and autono-
mous types, cash purchases contributed over 86% of the
tickets issued and revenue, but electronic card usage seemed
slightly more active in mandatory-type venues than in au-
tonomous-type venues (13.2% versus 10.6% for the number
of tickets and 11.3% versus 9.5% for total revenue), with
marginal significance (p <0.1). Average betting amount per
ticket and per person by cash was statistically significantly
higher in autonomous-type venues than in mandatory-type

venues (KRW 14,307 versus KRW 12,597 for per ticket
betting; KRW 546,038 versus KRW 479,493 for per person
betting), but average amount of betting per person by
electronic card was statistically indifferent between the
two types of venues. The gap in per ticket average betting
between cash and electronic card purchases was larger in
mandatory-type venues (KRW 1,731 for mandatory versus
KRW 1,172 for autonomous), while autonomous-type
venues had a larger gap in per person average betting
between cash and electronic card purchases (KRW
418,209 for mandatory versus KRW 489,150 for auton-
omous). In addition, there was no statistical difference in
the average number of tickets issued per person between
autonomous-type and mandatory-type venues, purchased
by either cash or electronic card. Interestingly, only less
than 2% of the tickets purchased via electronic cards were
priced over KRW 50,000 in mandatory-type venues even if
there was no betting limit, while almost 3% of the tickets
purchased using electronic cards were priced over KRW
50,000 in autonomous-type venues. Of course, cash bet-
ting over that amount, which was only allowed in au-
tonomous-type venues, took about 5% among all tickets
purchased by cash.

Overall, as for horse betting, it seems apparent that
electronic cards were relatively more used in mandatory-
type venues where users betted less not only by electronic
cards but also by cash. It is also found that high-price betting
over KRW 50,000 occurred more frequently in autonomous-
type tenders, particularly when purchased by cash. Despite
the fact that the average numbers of tickets issued for each
customer were similar in both mandatory-type venues and
autonomous-type venues, customers tended to spend more
in autonomous-type venues where cash betting was entirely
flexible.

3.2. Cycle Betting. Likewise, Table 2 summarizes the results
of the comparison between mandatory-type venues and
autonomous-type venues for cycle-betting data in terms of
the proportion of cash versus electronic cards among the
total number of tickets issued and the total revenue, the
average purchase amount per ticket issued and per person,
and the proportion of each betting range among the total
number of tickets issued.

Unlike the horse-betting case, for cycle betting, elec-
tronic card usage was significantly more active in autono-
mous-type venues than in mandatory-type venues (26.3%
versus 12.6% for the number of tickets and 12.1% versus
8.4% for total revenue; p <0.01), although cash purchases
were dominant as well (73-92%). Similar to the horse-
betting case, the average betting amount per ticket and per
person by cash was statistically significantly higher in au-
tonomous-type venues than in mandatory-type venues
(KRW 30,436 versus KRW 21,594 for per ticket betting;
KRW 372,065 versus KRW 278,532 for per person betting),
but the opposite was true for the average per ticket betting
amount by electronic card (KRW 13,653 for mandatory
versus KRW 11,675 for autonomous). Thus, the gap in per
ticket or per person average betting between cash and
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TaBLE 1: Comparison between mandatory-type and autonomous-type venues in horse betting.

Types Analysis of difference
Category ioni
Mandatory Autonomous t-value Significance
level
Cash 86.85 89.40 1.508
o . . .
% of cash/cards among total number of tickets issued Electronic 1315 10.60 1,508 0.070
cards
Cash 88.66 90.54 1.663
o .
% of cash/cards among total revenue Electronic 1134 9.46 1663 0.053
cards
Cash 12,597 14,307 11.550 0.000
Avg. betting per ticket issued (KRW) Electronic 10.866 13.135 6.138 0.000
cards ’ ’ ) )
Cash 479,493 546,038 7.050 0.000
Avg. betting per person (KRW) Electronic 61284 56.888 Z0.697 0.245
cards ’ ’ ) )
Cash 38.08 38.19 0.150 0.441
Avg. number of tickets issued per person Electronic
cards 5.79 4.55 -1.616 0.057
< KRW 30,000  90.26 90.16 -0492 0313
> KRW 30,000
Cash < KRW 50,000 9.74 4.70 -27.014 0.000
> KRW 50,000
< KRW 70,000 0.00 1.26 97.404 0.000
% of each betting range among total number of > KRW 70,000 0.00 3.88 56.254 0.000
tickets issued < KRW 30,000 94.82 92.80 —-5.404 0.000
> KRW 30,000
Electronic < KRW 50,000 347 442 4.222 0.000
cards > KRW 50,000
< KRW 70,000 0.76 1.27 8.825 0.000
> KRW 70,000 0.95 1.51 5.233 0.000

electronic card purchases was much larger in autonomous-
type venues: KRW 18,761 (autonomous) versus KRW 7,941
(mandatory) for per ticket average betting and KRW 320,466
(autonomous) versus 253,044 (mandatory) for per person
average betting. The average number of tickets issued per
person was statistically different between autonomous-type
and mandatory-type venues for both cash and electronic
card purchases. Contrary to the horse-betting case, 4.28% of
the tickets purchased via electronic cards were priced over
KRW 50,000 in mandatory-type venues, while 2.67% of the
tickets purchased using electronic cards were priced over
KRW 50,000 in autonomous-type venues. Cash betting over
that amount, which was only allowed in autonomous-type
venues, took almost 20% among all tickets purchased by
cash, which is a lot larger compared to only 5% in the horse-
betting case.

The most noticeable difference for cycle betting in
comparison to horse betting is that EPCs were more fre-
quently used in autonomous-type venues, although high-
price betting over KRW 50,000 was still prevalent among
cash purchases. In addition, compared to autonomous-type
venues, a larger number of tickets were issued per person on
average when paid by cash, but fewer tickets were issued
among card purchases in mandatory-type venues. However,
it seems also true for cycle betting that customers tend to
spend more in autonomous-type venues, particularly by
cash, since no limit was placed on cash betting.

3.3. Weekly Patterns of EPC Usage and Average Betting
Amount. Figure 1 shows the weekly trends of EPC usage
rate for 20 weeks comparing autonomous-type and man-
datory-type venues since the introduction of a mandatory
system in specific horsing and bicycling venues in 2016.
Interestingly, the EPC usage rate is higher in mandatory-
type venues for horse betting, while it is substantially higher
in autonomous-type venues for cycle betting throughout the
period. Except for the last few weeks, about 10-15% of tickets
in mandatory-type venues for both horse and cycle betting
were issued as EPC throughout the period, but a substantial
difference was found for EPC use in autonomous-type
venues between horse betting (5-10%) and cycle betting
(20-30%). Such difference implies that EPC adoption is
highly dependent upon how each gambling industry pro-
motes the use of EPC, such as marketing, promotion, and
advertisement, particularly for autonomous-type venues. It
is also noticeable that, in horse-betting sites, the EPC use in
autonomous-type venues was lower initially but continu-
ously caught up with that in mandatory-type venues. Both
autonomous-type and mandatory-type venues for horse-
race betting induced a massive addition of EPC users after
the 17th week, due to industry-wide campaigns.

Figure 2 shows whether or not each horse betting
gambler’s betting pattern has changed over time during the
20-week period in autonomous-type and mandatory-type
venues. It appears that the change in their betting
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TaBLE 2: Comparison between mandatory-type and autonomous-type venues in cycle betting.

Types Analysis of difference
Category ioni
Mandatory Autonomous t-value Significance
level
Cash 87.39 7374  -13191  0.000
o . . .
% of cash/cards among total number of tickets issued Electronic 12.61 26.26 13.191 0.000
cards
Cash 91.65 8788  —-5879  0.000
o .
% of cash/cards among total revenue Electronic 8.35 1212 5.879 0.000
cards
Cash 21,594 30,436 32.021 0.000
Avg. betting per ticket issued (KRW) Electronic 13.653 11.675 _5143 0.000
cards ’ ’ ) )
Cash 278,532 372,065 10.898 0.000
Avg. betting per person (KRW) Electronic 25.488 51.599 3.769 0.000
cards ’ ’ ) )
Cash 12.89 12.23 -2140  0.019
Avg. number of tickets issued per person Electronic
cards 1.86 441 10.796 0.000
< KRW 30,000  72.92 68.04 -6916  0.000
> KRW 30,000
Cash < KRW 50,000 27.08 12.27 —23.220 0.000
> KRW 50,000
< KRW 70,000 0.00 3.41 59.064 0.000
% of each betting range among total number of > KRW 70,000 0.00 16.28 64.451 0.000
tickets issued < KRW 30,000 90.83 91.89 1.954 0.029
> KRW 30,000
Electronic < KRW 50,000 4.89 >44 1.570 0.063
cards > KRW 50,000
< KRW 70,000 1.05 0.92 2.302 0.014
> KRW 70,000 3.23 1.75 -4.489 0.000
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FIGURE 1: Weekly trends of EPC usage rate (autonomous-type versus mandatory-type venues): (a) horse betting; (b) cycle betting.

preferences (cash versus EPC betting) was minimal during
the first few months, except that the betting amount by EPC
systems continued to increase in autonomous-type venues.
However, the cash betting amount significantly dropped
after around the 17th week, mostly due to the dramatic

increase of the betting amount by EPC. Considering that
cash purchases consist of 85-90% of the total tickets issued
in both types of venues, a significant reduction effect of the
average betting amount per person began to be conspicuous
after 3-4 months of implementing the EPC system, in both
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FIGURE 2: Weekly trends of average betting amount per person in horse betting (cash versus EPC; autonomous-type versus mandatory-type

venues): (a) cash betting; (b) EPC betting.

autonomous-type and mandatory-type venues. The findings
imply that the potential role of EPC in mitigating prob-
lematic gambling behaviors could be marginal in the be-
ginning but could be eventually sizable even in autonomous
settings, if the EPC system is constantly and effectively
promoted and marketed. However, these temporal patterns
were not observed for the cycle-betting data, which may
indicate some unique difference in gambling behaviors or
EPC operations in the horse- and cycle-betting industry in
South Korea.

4. Discussion

This study evaluated the impacts of the electronic players’
card (EPC) system adopted in specific Korean horse- and
bicycling-racing venues on gambling behavior, revenue, and
responsible gambling (RG) policies by comparing the venues
with the mandatory versus autonomous adoption of elec-
tronic cards. To our knowledge, the present article is the first
to examine preliminary data available from the NGCC
which include various outcomes of EPC systems in Korea.
While RG principles would suggest that EPC systems might
discourage problem gambling behaviors regardless of venue
type, the findings from this study reveal significant differ-
ences between the two types of sports betting. As expected,
we found that electronic cards were more widely adopted
not only in mandatory-type venues for horse betting but also
quite unexpectedly in autonomous-type venues for cycle
betting. Such conflicting results might imply that the
adoption rate of EPC systems depends on the level of
marketing or promotion efforts across the venues rather
than the types of EPC systems (mandatory versus autono-
mous) or sport betting game (horse versus cycle betting).
For both horse betting and cycle betting, it is found that
that larger bets were more frequently placed at venues with
autonomous card registration compared to mandatory-type
venues, mostly due to high-priced cash purchases. The av-
erage number of tickets and betting amount per person

using EPCs were higher in mandatory-type venues for horse
betting than in autonomous-type venues for cycle betting.
During the 20-week study period, the EPC use in autono-
mous venues was lower initially but gradually caught up with
that in mandatory-type venues for horse betting, while the
EPC use was always higher in autonomous-type venues for
cycle betting. Similar to other literatures which suggest that
bet limits can have a positive influence on problem gambling
behaviors (see Auer et al., 2020), the current results suggest
that the continuing operation of EPC system in horse betting
may have some positive influence on alleviating problem
gambling even on a voluntary basis in autonomous settings.
Yet this impact was not observed for cycle betting. Such
differences indicate that users across these different types of
sports betting exhibit distinct characteristics or gambling
behavior in using electronic cards.

There are intriguing policy considerations for the NGCC
and the gambling industry in Korea to consider with the
implementation of EPC systems across various gambling
venue types. For example, some research has shown that, in
some countries such as Australia, “overall, it appears that
playing with an account card or ticket assists players to
gamble more responsibly compared to players using cash”
([18], p. 232). This study may also inform public health
professionals and policymakers regarding the potential role
of EPC in mitigating negative gambling behaviors, which
may contribute to positive policies that reduce the social and
economic costs of problem gambling addiction in Korea.
Korea’s National Master Plan is an ambitious one that is
being presented as a blueprint for responsible gaming
policies [5]. Yet, this plan has been slower to be adopted than
originally designed by the NGCC and has received a sig-
nificant amount of critique from the Korean gambling in-
dustry regarding mandatory enrolment and implementation
[9]; this opposition is similar to that derision seen in other
areas of the world where cashless payment technologies have
been adopted and more industry responsibility has been
endorsed (see Nisbett, Jackson, and Christensen, 2016).
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Despite the contribution of this study to the literature,
several limitations should be noted. First of all, while the
study findings show anecdotal evidence to explain differ-
ences between the two types of sports betting and the two
types of EPC operation (mandatory versus autonomous)
observed here, these data do not allow for more advanced
statistical testing and modelling. Ideally, more data will be
collected, which will allow for control and statistical sig-
nificance to be tested in regression models. Second, the
reduction effect of average betting amounts on EPC use may
not be directly related to a decline in problem gambling
behavior; this finding could be only a temporary adjustment
phenomenon. Lastly, an additional limitation is the small
sample size of the data from a total of nine gambling venues
collected over 20 weeks, which clearly limits the statistical
inferences that can be drawn and the overall generalizability.
Accessing additional data from Korea, which allows for
more statistically advanced analyses across longer data pe-
riods, is a natural next step to determine if the results re-
ported here are consistent beyond the preliminary snapshots
currently available. Although future studies should focus on
overcoming the present study’s limitations, the unique
contribution of the current article is that it allows an initial
look at the impact of implementing mandatory EPC oper-
ations on sites with a naturally occurring experimental
design. As such, the results of this pilot study can be used as a
foundation for more nuanced discussions regarding the
expansions of designing and operating the EPC system as
well as the long-term implications of such policies.

5. Conclusions

As Asia continues to dominate the largest gambling market
in the world [2], liberal-leaning gambling jurisdictions si-
multaneously struggle with rebranding the gambling en-
terprise in the public eye from one of a banned, sinful
activity to one that embraces the community and accepts
gambling as a harmless, fun entertainment. The incentives to
legitimize gambling are considerable, as revenues from
tourism and gambling are economically significant. As
Korea appears to be adopting a more expansive policy for
gambling similar to Macau and Australian Reno/liberal risk
model [1], common social perceptions regarding main-
stream acceptance, the founding and integration of com-
munity-based gambling facilities, and deeply ingrained
cultural issues regarding gambling fallacies within Korean
and Asian culture are some of the critical topics that must be
addressed to ensure responsible gaming practices. Per “re-
sponsive regulation” ideals perpetuated in more liberalized/
individual risk localities, the mandatory versus autonomous
adoption of EPC systems could be viewed as a collaborative
relationship between government regulators and the gam-
bling industry in cooperation with community stakeholders
[8]. On the other hand, the adoption of more public health
focused approaches, such as requiring players to enrol and
register cards with betting limits, could also be viewed as an
effort toward reducing gambling-related harm, which is
more consistent with the public health consumer protection-
oriented regulatory scheme [1, 19, 20].

Public health perspectives that inform policy and
practice present opportunities for increased consideration
and evaluation of the overall well-being of populations
impacted by prevention, promotion, and protections that
minimize harm [21]. It also emphasizes that responsible
gambling could focus on the individual as well as the
community with a more holistic view [22]. Toward that
end, recent public health focused research suggests that
gambling harm is not limited to problem gamblers with
clinical levels of addiction but that at-risk gamblers account
for a substantial and major proportion of all negative
gambling outcomes incurred [23]. Moreover, some
scholars argue that a shift toward self-regulation of the
gambling industry forces to a public health consumer
protection model is ideal for responsible gambling, since it
embraces the operator duties to limit harms, endorsing
practices such as mandatory precommitment limits and
tees imposed on locals who gamble [24]. Without question,
such conceptual issues point to the importance of further
studying Korea’s natural experiments with EPC systems
and considering how these mandatory versus voluntary
adoptions of EPC systems impact policies, practices, and
procedures. It remains to be seen as to what the dominant
model will become in Korea. Such considerations are
central to reducing harms and ensuring consumer pro-
tection while balancing the interests of industry and
government ventures.

Questions remain regarding whether the findings of this
study would hold up across time, with larger sample sizes, or
across gambling venues. Further qualitative inquiries that
delve into the thoughts and feelings of Korean gamblers as
they adopted EPCs that limit bets would be helpful in better
understanding decision-making and the impact of RG tools
to support healthy gambling habits. Future studies might
seek a mixed-methods approach that would allow for such
analyses. While empirical literature has suggested that bet
limits (voluntary and mandatory) have beneficial results as
part of RG strategies to control problem gambling behaviors
in other parts of the world (e.g., Auer and Griffiths, 2021),
the data in the present study do not allow for a compre-
hensive analysis. Are there cultural differences in attitudes
toward RG tools and implementation across varying gam-
bling venues? These issues are the ones to pursue in future
research as well.
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