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Welcome Message from the iSAI-NLP-AIoT 2020 General Committee
From 2017, the Symposium on Natural Language Processing (SNLP2018) has been broadened to cover 
the topics of artificial Intelligence in addition to natural language processing and its name is changed to 
the Joint International Symposium on Artificial Intelligence and Natural Language Processing series (iSAI-
NLP). The first meeting was held in 1993 by Chulalongkorn University in Bangkok, Thailand. The following 
conferences were held by Kasetsart University in Bangkok (1995), Asian Institute of Technology in Phuket 
(1997), King Mongkut’s University of Technology Thonburi in Chiang Mai (2000), SIIT, Thammasat Uni-
versity in Hua Hin (2002), Chulalongkorn University in Chiang Rai (2005), Kasetsart University in Pattaya 
(2007), Dhurakij Pundit University in Bangkok (2009), King Mongkut’s Institute of Technology Ladkra-
bang in Bangkok (2011), SIIT in Phuket (2013), Thammasat University in Ayutthaya (2016), King Mong-
kut’s University of Technology Thonburi and Rangsit University in Hua Hin (2017), Mahidol University 
and AIAT in Pattaya (2018), and Muban Chombueng Rajabhat University and AIAT in Chiang Mai (2019).
 The iSAI-NLP-AIoT 2020 is the joint event of the 15th International Joint Symposium on Artificial 
Intelligence and Natural Language Processing (iSAI-NLP  2020) and the International Conference on Ar-
tificial Intelligence and Internet of Things (AIoT 2020). It is hosted by National Electronics and Computer 
Technology Center (NECTEC), Sirindhorn International Institute of Technology (SIIT, Thammasat Univer-
sity) and Tokyo Institute of Technology (Tokyo Tech) with the great support from Artificial Intelligence As-
sociation of Thailand (AIAT). Due to the COVID-19 pandemic, the iSAI-NLP-AIoT 2020 is held online 
during November 18-20, 2020, together with the International Multi-Conference on Advances in Engineer-
ing, Technology, and Management (IMC-AETM 2020). The first International Conference on Artificial In-
telligence and Internet of Things (AIoT 2020) is the continuous event of the International Conference on 
Information and Communication Technology for Embedded Systems (ICICTES). The previous series were 
ended with the number 10. Therefore, the first AIoT conference can be counted as the eleventh event of the 
ICICTES conferences. Being a joint conference under the theme of Artificial Intelligence of Things (AIoT), 
the aim of iSAI-NLP-AIoT 2020 is to promote artificial intelligence research in the five main topics; (1) 
natural language processing and knowledge engineering, (2) robotics/IoT/embedded system, (3) data ana-
lytic and machine learning (4) signal, image and speech processing and (5) smart industrial technologies
 On behalf of the iSAI-NLP-AIoT 2020 committee, we would like to thank our keynote speakers, 
Siriwan Suebnukarn (Thammasat University, also co-speaker of IMC-AETM 2020), Chidchanok Lursinsap 
(Chulalongkorn University, Thailand), Hiroshi Sasaki (Tokyo Institute of Technology, also co-speaker of 
IMC-AETM 2020), for their insightful keynote and invited speeches. We would also like to express our ap-
preciation to Thepchai Supnithi (NECTEC, Thailand), a program chair of iSAI-NLP-AIoT 2020) for their sup-
port. We also appreciate the co-hosts: Sirindhorn International Institute of Technology, Thammasat University 
(SIIT, TU, Thailand), Tokyo Institute of Technology (TiTech, Japan), Artificial Intelligence Association of 
Thailand (AIAT, Thailand), and Thailand National Electronics and Computer Technology Center (NECT-
EC, Thailand). We also appreciate the presenters, the reviewers, the organizing team for their contribution. 
 We look forward to seeing you soon at iSAI-NLP-AIoT 2020 online during November 18-20, 2020.

iSAI-NLP2020 General Co-Chairs 
Thanaruk Theeramunkong (SIIT, Thammasat University, Thailand and AI Association of Thailand)

Chai Wutiwiwatchai (NECTEC, Thailand) 
Denchai Worasawate (Kasetsart University, Thailand) 

Tsuyoshi Isshiki (Tokyo Institute of Technology, Japan) 
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Welcome Message from the iSAI-NLP-AIoT 2020 Program Chairs
The International Joint Symposium on Artificial Intelligence and Natural Language Processing (iSAI-NLP), 
formerly named the International Joint Symposium on Natural Language Processing (SNLP), is one of the oldest 
series of international conferences dedicated to natural language processing and artificial intelligence in gener-
al originating from Thailand since 1993. This year, the iSAI-NLP is the fifteenth of the series and it will be held 
online during November 18-20, 2020. We are pleased to have iSAI-NLP 2020 co-located with AIoT 2020. The 
iSAI-NLP 2020, whose theme is Artificial Intelligence of Things (AIoT), consists of five tracks: natural lan-
guage processing; robotics, IoT and Embedded System; data analytic and machine learning, signal image and 
speech processing and smart industrial technology. The first International Conference on Artificial Intelligence 
and Internet of Things (AIoT 2020) is the continuous event of the International Conference on Information 
and Communication Technology for Embedded Systems (ICICTES). It focuses on AI and embedded systems.
 Because of the COVID-19 pandemic, it is the first time we organize a virtual conference. Thanks 
for interests from many parts of the world, iSAI-NLP-AIoT 2020 received 75 submissions from Bangla-
desh, India, Pakistan, Japan, Myanmar, and Thailand.  All the papers are rigorously reviewed by at least 
three anonymous reviewers, and finally we accepted 34 regular papers and 6 short papers. For this review 
process, we appreciate the reviewers who spent their valuable time to review and evaluate the submitted 
papers. We also have the 2nd Joint Myanmar-Thai NLP/AI R&D Workshop which aims to promote R&D 
collaboration among Myanmar and Thailand and will extend to regional collaboration in the near future.
 We would like to show our sincere gratitude to our keynote speakers, we would like to thank our 
keynote speakers, Siriwan Suebnukarn (Thammasat University, also co-speaker of IMC-AETM 2020), 
Chidchanok Lursinsap (Chulalongkorn University, Thailand), Hiroshi Sasaki (Tokyo Institute of Tech-
nology, also co-speaker of IMC-AETM 2020), for their excellent keynote and invited speeches.  We 
also appreciate the co-hosts: Sirindhorn International Institute of Technology, Thammasat Universi-
ty (SIIT, TU, Thailand), Tokyo Institute of Technology (TiTech, Japan), Artificial Intelligence Associ-
ation of Thailand (AIAT, Thailand), and Thailand National Electronics and Computer Technology Center 
(NECTEC, Thailand).  We also appreciate the presenters, the reviewers, and the organizing team for their 
contribution. Finally, we express our biggest gratitude to all the authors who submitted their valuable pa-
pers, who were accepted and made their presentations, and who joined active discussion at the sessions. 
 The iSAI-NLP-AIoT 2020 will be held online during November 18-20, 2020 and see you soon.
 Thank you for all your effort, cooperation, and kindness.

iSAI-NLP2020 Program Co-Chairs 
Thepchai Supnithi (NECTEC, Thailand)
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Keynote Speakers

Intelligent Clinical Training during the COVID-19 Pandemic

Siriwan Suebnukarn

Vice Rector for Research and Innovation, 
Thammasat University, Thailand 

Abstract Clinical training is one of the most challenging areas for education especially during the 
COVID-19 pandemic. There are limited access to apprenticeship training in the complex scenari-
os with corresponding difficulty training in a time-effective manner. Professor Suebnukarn’s work 
on intelligent clinical training systems provides one effective solution to this problem by introduc-
ing intelligent clinical training systems that can supplement tutoring sessions by expert clinical 
instructors. The Bayesian representation techniques and algorithms for generating tutoring feed-
back in medical problem-based learning group problem solving made important contributions to 
the field of Intelligent Tutoring Systems. In particular, it was one of the first systems for tutoring 
groups of students and the first intelligent tutoring systems for medical problem-based learning. 
The virtual reality simulator she developed is one of the most sophisticated dental simulators. It 
stands out as the first dental simulator to integrate sophisticated analysis of the surgical procedure. 
Particularly noteworthy is also the creative way to understand important issues such as differences 
in expert and novice performance, the effectiveness of virtual pre-operative practice, and the teach-
ing effectiveness of the simulator. The systems have been implemented in undergrad pre-clinical 
training and postgrad pre-surgical training with strong scientific evidence of their effectiveness.

Bibliography Professor Siriwan Suebnukarn serves as Vice Rector for Research and Inno-
vation at Thammasat University, Thailand. Professor Suebnukarn’s combined background 
in Dentistry and Computer Science gives her a rather unique set of skills to tackle some im-
portant outstanding problems in Medical Informatics and Education. Her research work has 
included Artificial Intelligence in Education, Intelligent User Interfaces, and User Mode-
ling. She developed an Intelligent Virtual Reality Clinical Training Simulator for which she 
won the prestigious International Federation of Inventor Association’s (IFIA) Lady Prize for 
the Best Women’s Invention and the National Outstanding Researcher Award in Education.
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Abstract The relationship that exists between the construction sector and national economic 
growth is well known. This relationship is generally referred to as being ‘causal’, so one affects 
the other and vice versa. With the aspirations for growth and national developments (especially 
post Covid-19) there needs to be a conscious bias for a key sectoral stimulant to be healthy. In 
this keynote presentation, Dr Rotimi will present arguments for both a healthy construction sector 
and also the health and wellbeing of sector participants. Sector statistics are frightening, evidenc-
ing the need for focus on this sector challenges to help future-proof the construction industry.

Bibliography Dr. James O. B. Rotimi is Associate Professor of Construction Project Manage-
ment and the Academic Dean for Construction at Massey University. James has qualifications 
in Building, Construction Management, Civil Engineering, Commerce and Education. He has 
over 27 years tertiary teaching and research experience in academic institutions in Nigeria, UK, 
South Africa and New Zealand. He also has various building construction industry experiences 
including a senior associate role in a quantity surveying consultancy in Nigeria. James publishes 
extensively within peer-reviewed Journals and conference proceedings. He is the Founding Editor 
of the International Journal of Construction Supply Chain Management (IJCSCM) which was es-
tablished in 2011. James research interests are in: construction project management, construction 
supply chain management, disaster legislation and post disaster reconstruction and management.
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Dr� James O� B� Rotimi  
Associate Professor James O. B. Rotimi, PhD 

Academic Dean (Construction), School of Built Environment 
College of Sciences, Massey University, New Zealand

A healthy construction sector: A panacea for growth
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Achieving Practical Byte-Granular Memory Safety

Hiroshi Sasaki

Associate Professor Department of Information and Communications Engineering,  
Tokyo Institute of Technology, Japan

Abstract Memory safety issues have been a serious threat which have provided a significant 
opportunity for exploitation by attackers. I would like to share my experience in building a hard-
ware-based fine-grained memory safety solution, based on a simple idea that prohibits a program 
from accessing certain memory regions based on program semantics.

Bibliography Hiroshi Sasaki is an Associate Professor of Information and Communications En-
gineering at the Tokyo Institute of Technology, Japan. His research interests include computer 
architecture, computer systems, and computer security.

 
Keynote Speakers
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Conference Overall Schedule (Day 1)
Wednesday, November 18, 2020 (Day 1)

11:30-13:30 Registration to the ZOOM
Room A

13:15-13:30

Opening Ceremony
General Chair representatives 

IMC-AETM 2020: Pruetha Nanakorn, SIIT, Thammasat University, Thailand
iSAI-NLP & AIoT 2020: Tsuyoshi Isshiki, Tokyo Institute of Technology, Japan

Program Chair Representatives
IMC-AETM 2020: Thepchai Supnithi, NECTEC, Thailand

iSAI-NLP & AIoT 2020: Erwin Oh, Griffith University, Australia

13:30-14:30

Keynote Speech I (iSAI-NLP-AIoT)
Intelligent Clinical Training during the COVID-19 Pandemic

Siriwan Suebnukarn  
Thammasat University, Thailand

14:30-14:50 Break
Room A Room B Room C Room D

14:50-17:00
iSAI-Workshop

(Thepchai Supnithi)
(15.30-18.20)

IMC-01: CE
(Warangkana  

Saengsoy)

IMC-02: ICT
(Nguyen Duy Hung)

IMC-03: CHE
(Wanwipa  

Siriwatwechakul)

CE: Civil Engineering    CHE: Chemistry and Environment    DA: Data Analytics 
ICT: Information & Communication    ML: Machine Learning    MT: Management Technology 

NLP: Natural Language Processing   Robot: Robotics, IoT and Embedded System    Smart: Smart Industrial Technologies
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Conference Overall Schedule (Day 2)
Thursday, November 19, 2020 (Day 2)

08:00-09:00 Registration
Room A

09:00-10:00

   Keynote Speech II (IMC-ATEM)
A healthy construction sector: A panacea for growth

James Rotimi
Massey University, New Zealand

10:00-10:30 Break
Room A Room B Room C Room D

10:15-12:00 iSAI-01: NLP
(Ponrudee  

Netisopakul)

iSAI-02: Signal
(Narit Nhoohom)

iSAI-03: DA & ML
 (Konlakorn  

Wongpatikaseree)

IMC-04: CE 
(Ganchai  

Tanapornraweekit)
12:00-13:30 Lunch Time
13:30-14:30 Keynote Speech III (iSAI-NLP-AIoT)

Achieving Practical Byte-Granular Memory Safety
Hiroshi Sasaki

Tokyo Institute of Technology, Japan
14:30-14:50 Break

Room A Room B Room C Room D
14:50-17:00

iSAI-04: NLP 
(Rachada  

Kongkachandra)

iSAI-05: Robot 
(Patiyuth Pramkeaw 

and Denchai  
Worasawate)

iSAI-06: Smart 
(Thaweesak  

Yingthawornsuk)

IMC-05: MT 
(Warut Panna-
kkong, Jirachai 

Buddhakulsomsiri, 
Pisal Yenradee)

CE: Civil Engineering    CHE: Chemistry and Environment    DA: Data Analytics 
ICT: Information & Communication    ML: Machine Learning    MT: Management Technology 

NLP: Natural Language Processing   Robot: Robotics, IoT and Embedded System    Smart: Smart Industrial Technologies
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Conference Overall Schedule (Day 3)
Friday, November 20, 2020 (Day 3)

08:00-09:00 Registration
Room A Room B Room C Room D

09:00-10:00
iSAI-07: DA &ML

(Sanparith  
Marukatat)

iSAI-08: Signal
(Nongnuch Ketui or 

Narumol Chumuang)

IMC-06: CHE
(Pakorn Opaprakasit)

IMC-07: MT 
(Akaranan Pong-

sathornwiwat)

CE: Civil Engineering    CHE: Chemistry and Environment    DA: Data Analytics 
ICT: Information & Communication    ML: Machine Learning    MT: Management Technology 

NLP: Natural Language Processing   Robot: Robotics, IoT and Embedded System    Smart: Smart Industrial Technologies
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Detailed Schedule
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Main Session [Day 1 - AM/PM]
 

[11:30-13:30]
Registration to the Zoom
[13:15-13:30]
Opening Ceremony at Room A
General chair representatives:
IMC-AETM 2020: Pruetha Nanakorn, SIIT, Thammasat University, Thailand
iSAI-NLP & AIoT 2020: Tsuyoshi Isshiki, Tokyo Institute of Technology, Japan
Program Chair Representatives:
IMC-AETM 2020: Thepchai Supnithi, NECTEC, Thailand
iSAI-NLP & AIoT 2020: Erwin Oh, Griffith University, Australia
[13:30-14:30]
[iSAI-NLP-AIoT2020] Keynote Speech I at Room A:  
Intelligent Clinical Training during the COVID-19 Pandemic
Siriwan Suebnukarn, Thammasat University, Thailand
[14:30-14:50]
Break

DAY 1  AM WEDNESDAY, NOVEMBER 18
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DAY 1 - PM (1) WEDNESDAY, NOVEMBER 18

iSAI-Workshop [Day 1 - PM] Room A

Session Chair: Thepchai Supnithi
[15:30-15:35]
Welcome Address 
Thepchai Supnithi, NECTEC, Thailand
[15:35-16:15]
Keynote Speech
Khmer NLP at NIPTICT
Sam Sethserey,  
Vice President, National Institute of Posts, Telecoms and ICT (NIPTICT), Cambodia
[16:15-16:35]
An Approach of Network Analysis Enhancing Knowledge Extraction in  
Thai Newspapers Contexts (W1-01)
Akkharawoot Takhom, Dhanon Leenoi, Chotanunsub Sophaken, Prachya Boonkwan, and  
Thepchai Supnithi
[16:35-16:55]
Improve Accuracy of Word Suggestion by Location of Word Search:  
A case study of Regional Thai Dialects (W1-02)
PNattapol Kritsuthikul, Witchaworn Mankhong, Wasan Na-Chai, and Thepchai Supnithi
[16:55-17:15]
Myanmar Text (Burmese) and Braille (Mu Thit) Machine Translation applying  
IBM Model 1 and 2 (W1-03)
Zun Hlaing Moe, Thida San, Ei Thandar Phyu, Hlaing Myat Nwe, Hnin Aye Thant,  
Thepchai Supnithi, and Ye Kyaw Thu 
[17:15-17:35]
Grapheme-to-IPA Phoneme Conversion for Burmese (myG2P Version 2�0) (W1-04)
Honey Htun, Ni Htwe Aung, Shwe Sin Moe, Wint Theingi, Nyein Nyein Oo, Thepchai Supnithi, and 
Ye Kyaw Thu
[17:35-17:55]
Grapheme to Syllable Sequence Phoneme Conversion for Myanmar Language Spelling TTS 
(W1-05)
Hnin Yu Hlaing, Ye Kyaw Thu, Hlaing Myat Nwe, Thepchai Supnithi, and Hnin Aye Thant
[17:55-18:15]
Improve Neural Machine Translation (NMT) with Conjoined Twin Model (W1-06)
Nattapol Kritsuthikul, Peerachet Porkaew, and Thepchai Supnithi
[18:15-18:20]
Closing Remarks
Kyaw Thu, NECTEC, Thailand
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IMC-01: Civil Engineering [Day 1 - PM] Room B

Session Chair: Warangkana Saengsoy
[14:50-15:05]
Cloud-based Virtual Reality Application for Real Estate Industry  
(IMC-AETM2020-0004)
Daluch Sinoeurn and Kriengsak Panuwatwanich
[15:05-15:20]
Free Shrinkage and Restrained Shrinkage Behaviors of Multi-binder Systems  
Containing Cement, Limestone Powder, Fly Ash and Calcined Clay  
(IMC-AETM2020-0008)
Phung Manh Cuong, Krittiya Kaewmanee, and Somnuk Tangtermsirikul
[15:20-15:35]
Use of Bottom Ash as a Subbase Material for Pavement (IMC-AETM2020-0014)
Thet Htet Ye Htun, Parnthep Julnipitawong, Weeraya Chimoye, and Somnuk Tangtermsirikul
[15:35-15:50]
Utilization of Substandard Fly Ash as a Partial Replacement for Fine Aggregate in  
Concrete (IMC-AETM2020-0015)
Piseth Pok and  Parnthep Julnipitawong
[15:50-16:05]
Bond Strength of Concrete Repair Materials with Considering Failure Plane Area by 
Image Analysis (IMC-AETM2020-0018)
Pakawat Sancharoen and Thitiporn Lertrusdachakul

DAY 1 - PM (2) WEDNESDAY, NOVEMBER 18
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IMC-02: ICT [Day 1 - PM] Room C

Session Chair: Nguyen Duy Hung
[14:50-15:05]
Smart-Plug Implementation and Feature Comparisons for  
Electrical Appliance Recognition (IMC-AETM2020-0011)
Puwaphat Jitket, Seksan Laitrakun, and Sasiporn Usanavasin
[15:05-15:20]
Optimal Discount Rate in Multiagent Deep Reinforcement Learning for Traffic Signal 
Control By the Simulation of Urban Mobility (SUMO) (IMC-AETM2020-0033)
Paschol Supradith Na Ayudhyam and Mongkut Piantanakulchai
[15:20-15:35]
Deep Learning Approach on Photovoltaic Electricity Generation Capacity Prediction 
(IMC-AETM2020-0038)
Noravee Sungpuag, Sasiporn Usanavasin, and Waree Kongprawechnon
[15:35-15:50]
Marker and IMU-based registration for mobile augmented reality  
(IMC-AETM2020-0041)
Pansavuth Khehasukcharoen and Teerayut Horanont
[15:50-16:05]
Marker and IMU-based registration for mobile augmented reality  
(IMC-AETM2020-0041)
Pansavuth Khehasukcharoen and Teerayut Horanont
[16:05-16:20]
A Smoothing Photovoltaic Power Injection Using Double Moving Average with  
Efficient Battery Energy Storage System (IMC-AETM2020-0047)
Possawee Boonkerd, Waree Kongprawechnon, and Muhammad Jamil

DAY 1 - PM (3) WEDNESDAY, NOVEMBER 18
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IMC-03: Chemistry and Environment [Day 1 - PM] Room D

Session Chair: Wanwipa Siriwatwechakul
[14:50-15:05]
Micro-plastics contamination in drinking water treatment plants:  
case study of Phnom Penh (IMC-AETM2020-0005)
Dork Hakk and Sandhya Babel
[15:05-15:20]
Improve Workability of CSA Cement Additive by Polymer Encapsulation  
(IMC-AETM2020-0007)
Malinee Nontikansak, Phattarakamon Chaiyapoom, Wanwipa Siriwatwechakul,  
Passarin Jongvisuttisan, and Chalermwut Snguanyat
[15:20-15:35]
On improving Performance of Artificial Neural Network in Predicting Dissolved  
Oxygen (DO) by Utilizing Feature Selection Algorithms to Generalize Water Quality 
Variables (IMC-AETM2020-0010)
Thananya Rinsiri and Akkaranan Pongsathornwiwat
[15:35-15:50]
A Specific Heat Prediction Model for Ternary Binder Pastes (IMC-AETM2020-0025)
Kanin Pinitoppapun, Krittiya Kaewmanee, and Somnuk Tangtermsirikul
[15:50-16:05]
In Situ spectroscopic ellipsometry for the study of ultrathin film poly  
(N-isopropylacrylamide-co-acrylamide) in aqueous environment  
(IMC-AETM2020-0040)
Phongphot Sakulaue, Tossaporn Lertvanithphol, and  Wanwipa Siriwatwechakul

DAY 1 - PM (4) WEDNESDAY, NOVEMBER 18



21

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

 

Main Session [Day 2 - AM]

[08:00-09:00]
Registration to the Zoom
[09:00-10:00]
[IMC-ATEM2020] Keynote Speech II at Room A: 
A healthy construction sector: A panacea for growth
James Rotimi, Massey University, New Zealand
[10:00-10:30]
Break

DAY 2 - AM (1) THURSDAY, NOVEMBER 19
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iSAI-01: Natural Language Processing [Day 2 - AM] Room A

Session Chair: Ponrudee Netisopakul
[10:30-10:45]
Survey of Query correction for Thai business-oriented information retrieval 
(iSAI-NLP-AIoT2020-0143)
Anuruth Lertpiya, Tawunrat Chalothorn, Phongsathorn Kittiworapanya, and  
Nuttapong Saelek
[10:45-11:00]
A Conversational Agent for Database Query: A Use Case for Thai People Map and Ana-
lytics Platform (iSAI-NLP-AIoT2020-0149)
Thikamporn Simud, Somchoke Ruengittinun, Navaporn Surasvadi, 
Nuttapong Sanglerdsinlapachai, and Anon Plangprasopchok
[11:00-11:15]
Can Tweets predict ICO success? Sentiment Analysis for Success of ICO Whitepaper: 
evidence from Australia and Singapore Markets (iSAI-NLP-AIoT2020-0151)
Anchaya Chursook, Nathee Naktnasukanjn, Somsak Chaimaim, Piyachat Udomwong,  
Jutharut Chatsirikul, and Nopasit Chakpitak
[11:15-11:30]
Behavioral Analysis of Transformer Models on Complex Grammatical Structures 
(iSAI-NLP-AIoT2020-0152)
Kanyanut Kriengket, Kanchana Saengthongpattana, Peerachet Porkaew,  
Vorapon Luantangsrisuk, Prachya Boonkwan, and Thepchai Supnithi

DAY 2 - AM (2) THURSDAY, NOVEMBER 19
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iSAI-02: Signal, Image and Speech Processing [Day 2 - AM] Room B

Session Chair: Narit Nhoohom
[10:30-10:45]
Improving of Pre-Processing Image for Child Cleft Lip by Image Processing 
(iSAI-NLP-AIoT2020-0113)
Jutturong Charoenrit, Wararat Songpan, and Apisak Pattanachak
[10:45-11:00]
Comparison of Face Classification with Single and Multi-model base on CNN  
(iSAI-NLP-AIoT2020-0121)
Sarin Watcharabutsarakham, Supphachoke Suntiwichaya, Chanchai Junlouchai,  and  
Apichon Kitvimorat
[11:00-11:15]
Direction of Arrival Identification Using MUSIC Method and NLMS Beamforming 
(iSAI-NLP-AIoT2020-0129)
Raungrong Suleesathira
[11:15-11:30]
Face Detection System for Public Transport Service Based on Scale-Invariant Feature 
Transform (iSAI-NLP-AIoT2020-0132)
Narumol Chumuang, Sansanee Hiranchan, Mahasak Ketcham, Worawut Yimyam,
Patiyuth Pramkeaw, and Tanapon Jensuttiwetchakult
[11:30-11:45]
Image Classification of Forage Plants in Fabaceae FamilyUsing Scale Invariant Feature 
Transform Method (iSAI-NLP-AIoT2020-0134)
Worawut Yimyam, Thidarat Pinthong, Narumol Chumuang, Mahasak Ketcham,  
Patiyuth Pramkeaw, and Sansanee Hiranchan
[11:45-12:00]
A Development Heat Stroke Detection System Integrated with Infrared Camera
(iSAI-NLP-AIoT2020-0145)
Worawut Yimyam, Nattavee Utakrit, Mahasak Ketcham, Montean Rattanasiriwongwut, 
Narumol Chumuang, and Sansanee Hiranchan
[12:00-12:15]
Estimation of Oil Content in Oil Palm Fresh Fruit Bunch by Its Surface Color  
(iSAI-NLP-AIoT2020-0140)
Sutat Sae-Tang

DAY 2 - AM (3) THURSDAY, NOVEMBER 19
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iSAI-03: Data Analytics and Machine Learning [Day 2 - AM] Room C

Session Chair: Konlakorn Wongpatikaseree 
[10:30-10:45]
Model proposed to cost reduction in printing [Short] 
(iSAI-NLP-AIoT2020-0126)
Noppon Mingmuang, Chaleedol Inyasri, and Wirote Jongchanachavawat
[10:45-11:00]
COVID-19: Data Analysis and The situation Prediction Using  
Machine Learning Based on Bangladesh perspective 
(iSAI-NLP-AIoT2020-0127)
Abir Abdullha and Sheikh Abujar
[11:00-11:15]
Enhancing and Evaluating an Impact of OCR and Ontology on Financial Document 
Checking Process (iSAI-NLP-AIoT2020-0137)
Worawut Yimyam, Sansanee Hiranchan, Mahasak Ketcham, Patiyuth Pramkeaw, 
Tanapon Jensuttiwetchakult, and Narumol Chumuang
[11:15-11:30]
Feature Extraction with SHAP Value Analysis for Student Performance Evaluation in 
Remote Collaboration (iSAI-NLP-AIoT2020-0170)
Mako Komatsu, Chihiro Takada, Chihiro Neshi, Teruhiko Unoki, and Mikifumi Shikida

DAY 2 - AM (4) THURSDAY, NOVEMBER 19
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IMC-04: Civil Engineering [Day 2 - AM] Room D

Session Chair: Ganchai Tanapornraweekit
[10:30-10:45]
Calculation models of fire resistance rate for unprotected hot-rolled steel H-beams and 
their comparison (IMC-AETM2020-0016)
Laxman khanal and Taweep chaisomphob
[10:45-11:00]
Influence of Fly ash on viscosity and compressive strength of High Strength Concrete 
(IMC-AETM2020-0024)
Pham Hoai An, Parnthep Julnipitawong, and Somnuk Tangtermsirikul
[11:00-11:15]
Performance of Cracked AFRC and SFRC Beams Exposed to Chloride Environment 
(IMC-AETM2020-0026)
Suphawit Untimanon, Ganchai Tanapornraweekit, and Somnuk Tangtermsirikul
[11:15-11:30]
Topology Optimization of Planar Trusses with No Crossing and Overlapping Elements 
by A Firefly Algorithm (IMC-AETM2020-0028)
Sujan Tripathi and Pruettha Nanakorn
[11:30-11:45]
Mechanism of Lattice Frame Reinforcement (LFR) System Used to Delay Settlement of 
Coastal Rock Embankments (IMC-AETM2020-0031)
Isuru Tharanga Dias, Ganchai Tanapornraweekit, and Somnuk Tangtermsirikul
[11:45-12:00]
Effect of restraining and curing conditions on expansion and  
shrinkage of expansive concrete (IMC-AETM2020-0032)
Rasla Dumaru, Warangkana Saengsoy, and Somnuk Tangtermsirikul

DAY 2 - AM (5) THURSDAY, NOVEMBER 19
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Main Session [Day 2 - PM]

[13:30-14:30]
[iSAI-NLP-AIoT2020] Keynote Speech III at Room A: 
Achieving Practical Byte-Granular Memory Safety
Hiroshi Sasaki, Tokyo Institute of Technology, Japan
[14:30-14:50]
Break

DAY 2 - PM (1) THURSDAY, NOVEMBER 19
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DAY 2 - PM (2) WEDNESDAY, NOVEMBER 18

iSAI-04: Natural Language Processing [Day 2 - PM] Room A

Session Chair: Rachada Kongkachandra
[14:50-15:05]
A Structured Transformer Neural Machine Translation on Abstractive Text Summari-
zation for Bangla seq2seq Learning [Short] (iSAI-NLP-AIoT2020-0130)
Abu Kaisar Mohammad Masum, Sharun Akter Khushbu, Mumenunnessa Keya,  
Sheikh Abujar, and Syed Akhter Hossain
[15:05-15:20]
Myanmar POS Resource Extension Effects on Automatic Tagging Methods 
(iSAI-NLP-AIoT2020-0157)
Zar Zar Hlaing, Ye Kyaw Thu, Myat Myo Nwe Wai, Thepchai Supnithi, and  
Ponrudee Netisopakul
[15:20-15:35]
A Study of Three Statistical Machine Translation Methods for Myanmar (Burmese) 
and Shan (Tai Long) Language Pair (iSAI-NLP-AIoT2020-0162)
Nang Aeindray Kyaw, Ye Thu, Hlaing Myat Nwe, Phyu Phyu Tar, Nandar Win Min, and 
Thepchai Supnithi
[15:35-15:50]
Daily Health Monitoring Chatbot with Linear Regression (iSAI-NLP-AIoT2020-0163)
Konlakorn Wongpatikaseree, Arunee Ratikan, Chaianun Damrongrat, and 
Katiyaporn Noibanngong
[15:50-16:05]
A Machine Learning Approach for the Classification of Methamphetamine Dealers on 
Twitter in Thailand (iSAI-NLP-AIoT2020-0165)
Punnavich Khowrurk and Rachada Kongkachandra
[16:05-16:20]
Statistical Machine Translation for Myanmar Language Paraphrase Generation 
 (iSAI-NLP-AIoT2020-0171)
Myint Myint Htay, Ye Kyaw Thu, Hnin Aye Thant, and Thepchai Supnithi
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DAY 2 - PM (3) WEDNESDAY, NOVEMBER 18

iSAI-05: Robotics, IoT and Embedded System [Day 2 - PM] Room B

Session Chair: Patiyuth Pramkeaw and Denchai Worasawate
[14:50-15:05]
A Surveillance system for children stuck inside the car with  
embedded system technology (iSAI-NLP-AIoT2020-0142)
Arthi Yooyen and Siriruang Phatchuay
[15:05-15:20]
Real-life Human Activity Recognition with Tri-axial Accelerometer Data from  
Smartphone using Hybrid Long Short-Term Memory Networks  
(iSAI-NLP-AIoT2020-0150)
Narit Hnoohom, Anuchit Jitpattanakul, and Sakorn Mekruksavanich
[15:20-15:35]
Simulation of Autonomous Mobile Robot System for Food Delivery in  
In-patient Ward with Unity (iSAI-NLP-AIoT2020-0155)
Supachai Vongbunyong, Salil Parth Tripathi, Kitti Thamrongaphichartkul,  
Nitisak Worrasittichai, Aphisit Takutruea, and Teeraya Prayongrak
[15:35-15:50]
A Pressure Sensor and Depth Camera-Based Monitoring and Alarming System for  
Bed Fall Detection [Short] (iSAI-NLP-AIoT2020-0161)
Punnavich Khowrurk and Rachada Kongkachandra
[15:50-16:05]
Development of a Web Service to Support the Community Oriented Approaches for 
Comprehensive Healthcare in Emergency Situations [Short]  
(iSAI-NLP-AIoT2020-0168)
Chihiro Takada, Yurika Takeuchi, Mari Kinoshita, and Mikifumi Shikida
[16:05-16:20]
A proposal of evaluation method using a pressure sensor for  
supporting auscultation training (iSAI-NLP-AIoT2020-0174)
Yuki Kodera, Kunimasa Yagi, and Mikifumi Shikida
[16:20-16:35]
Design and Construct Logistic Robot Using Camera to Detect Line Combine with Lidar 
Sensor (Mecanum Wheel) (iSAI-NLP-AIoT2020-0166)
Tanaporn Anurakwongsri
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DAY 2 - PM (4) WEDNESDAY, NOVEMBER 18

iSAI-06: Smart Industrial Technologies [Day 2 - PM] Room C

Session Chair: Thaweesak Yingthawornsuk
[14:50-15:05]
A Memetic Algorithm for Tour Trip Design Problem (iSAI-NLP-AIoT2020-0107)
Apisit Cheng and Aussadavut Dumrongsiri
[15:05-15:20]
Utilization-Weighted Algorithm for Spreading Factor Assignment in LoRaWAN  
(iSAI-NLP-AIoT2020-0144)
Kasama Kamonkusonman and Rardchawadee Silapunt
[15:20-15:35]
Development a home electrical equipment control device via voice commands for  
elderly assistance (iSAI-NLP-AIoT2020-0145)
Narumol Chumuang, Worawut Yimyam, Patiyuth Pramkeaw, Mahasak Ketcham,  Sansanee 
Hiranchan, Sakchai Tangwannawit, Montean Rattanasiriwongwut
[15:35-15:50]
Medicine Identification System on Mobile Device for the Elderly 
(iSAI-NLP-AIoT2020-0148)
Pitchaya Chotivatunyu and Narit Hnoohom
[15:50-16:05]
Cryptocurrencies Asset Pricing Analysis: evidence from Thailand markets
(iSAI-NLP-AIoT2020-0153)
Kanyawut Ariya, Nathee Naktnasukanjn, Tanarat Rattanadamrongaksorn, Piyachat Udom-
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Abstract—to design a tour plan which provide a maximum 
satisfaction, before have any experiences with the destination 
can be hard and time consuming process. The goal of this 
study is to create an algorithm that efficiently generate a tour 
plan with high or maximum satisfaction within a reasonable 
processing time. The memetic algorithm which is a 
combination of genetics algorithm and local search algorithm 
would be created to solve this problem. This study used real 
data gathered from trusted tourist community in Thailand 
such as TripAdvisor.com, Wongnai.com, etc. The result of this 
study shown Memetic Algorithm (MA) approach could solve 
tour trip design problem efficiently since both saving in 
computation time and %gap are in a good shape and well-
balanced. 

Keywords—Tour trip design problem, Memetic algorithm, 
Mathematical model, Travel routing, Orienteering problem 

I. INTRODUCTION 
According to report from World Travel & Tourism 

Council (WTTC), a total contribution of travel & tourism 
to Thailand GDP was 19.7% of GDP in 2019 (Those 
number calculated from total spending on Travel & 
Tourism within Thailand for business and leisure purposes 
by residents and non-residents, and spending by 
government on Travel & Tourism service directly linked to 
visitors). This show that Travel & Tourism is one of the 
largest Thailand economic sectors, therefore the goal for 
Thailand is to increase or at least maintain the same level 
of tourism. One possible solution for Thailand to achieve 
this goal is to create a tour plan that could leads to a high 
overall consumer tour satisfaction by using an information 
from past consumption experiences. Many studies, shows 
that overall consumer’s tour satisfaction is an important 
factor directly affect intension of tourist to recommend 
(positive-review) a tour to their peer and relatives, and also 
affect intension to re-buy the tour or re-visit a region ([1]; 
[2]; [3]). In this study, an approach to efficiently plan a tour 
for consumer would be studied. A complete tour in this 
study is defined as a tour which consists of a D trip which 
connect initial and final location. Each trip must have start 
location, tourist attraction, restaurant for lunch and dinner, 
and end location. And the tour have a time and budget 
constraint as a limits. According to the above condition, in 
this study, tour planning process/ tour trip design problem 
(TTDP) could be seen as Orienteering Problem with Hotel 
and Restaurant Selection and Time Window (OPHRSTW). 
Since its shared the following similarities: 1. Objective of 
an orienteering is to maximize the score which tour 
planning process also aim to visit a place that have a high 

consumer’s satisfaction which could be measured by 
review score from past consumer experiences on the 
internet, 2. Objective value could only be increase by 
visiting as much place as possible, 3. There is a time limit 
in each trip. Based on the similarity described above, the 
real world tour planning problem could be converted to a 
mathematical model for computer to solve this kind of 
problem, which called “Optimization approach”, to the 
optimal point (the best solution). 

The OP was proved to be NP-hard by [4]. Since the OP 
is NP-hard, it extensions such as OPHRSTW will also be 
NP-hard. The term NP-hard mean that to solve the problem 
to optimality is very time consuming. Thus, heuristic 
approach would also be studied along with optimization 
approach to compare performances of both approach. 

II. REVIEW OF LITERATURE 

A. Orienteering problem and it extensions 
Sport game named Orienteering is the origin of the 

Orienteering Problem (OP)  [5]. The objective of this sport 
game is to maximize a total collected score that obtained 
from visiting each check points and come back to starting 
point within a time limit. [6] considered it as a combination 
between the Knapsack Problem and the Travelling 
Salesperson Problem (TSP), and also known as the 
Selective Traveling Salesperson Problem [7] and Maximum 
Collection Problem [8].  

There are many extension of the OP such as the OP with 
Time Window (OPTW), The Team OP (TOP), the 
generalized OP (GOP), the OP with Hotel Selection 
(OPHS), and the OP with Mandatory visits and 
Exclusionary Constraints (OPMVEC). For a recent survey, 
see ([9]; [10]; [11]). Due NP-hard nature of the OP and it 
extensions, many study have develop a heuristic algorithm 
to solve them. For example, Tabu Search (TS), Greedy 
heuristics, Variable Neighborhood Search (NVS), Skewed 
Variable Neighborhood Search (SVNS), Simulated 
Annealing (SA), Artificial Neural Network (ANN), Ant 
Colony Optimization (ACO), and Memetic Algorithm 
(MA). See ([6]; [10]; [12]; [13]) for a recent survey. 

B. Orienteering problem with hotel and restaurant 
selection and time window 

As OPHRSTW is one of a variant of OP, so it shares 
some similarities and have some differences with several 
other extension of OP. In the OPHS [12] a set of hotel and 
attraction are given with assigned score but in this study, 
the score would also assigned to each hotel. The tour 
consist of D trip which start and end at one of the hotel. 
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Each hotel can be visited more than once. Each attraction 
can be visited only once. The time tij required to travel from 
location i to j is given for all pairs of location. The objective 
is to maximize a total collected score from all D trip in the 
tour, while OPTW have the same objective and almost the 
same constraint as OPHS. Except that OPTW have just one 
trip in the tour and each trip must be start and end at the 
same location. To visit each location in OPTW, the time 
window must be check whether arrive time fall within a 
given time window [14].  

Thus, OPHRSTW is a research that would be a 
combination of two existing research fields and also have 
more node type (restaurant node) to be considered than 
those existing problems. 

C. Other related research 
Many studies propose method and algorithm to 

solve OP and its variant in field of tour planning to create a 
tour planning that could support tourism decisions which 
could leads to success tourism. An overview of related 
research of TTDP are shown on Table I. 

TABLE I.  LIST OF RELATED STUDIES  

 

 [17] creates a mathematical model for tour planning 
process which result produced by the model show priority 
of the tourist attraction site. Information of available 
tourism route played an important role in the tour planning 
process when choosing which tourist attraction to be 
included to the tour. They used a combination of genetic 
algorithm (GA) and difference evolution algorithm (DEA) 
to solve the problem. The result generated by this algorithm 
could provide an effective tour plan that could satisfied the 
stochastic condition of the problem. Similarly, [20] used one 
variant of GA algorithm, which is non-dominated sorting 
genetic algorithm II (NSGAII), to deal with bi-objective 
covering tour routing problem. Result of the study shows 
that NSGAII could solve the bi objective problem within a 
short-period of time while also provide excellence result in 
terms of tour plan quality. 

III. MATHEMATICAL MODEL 

A. Objective: 
Maximize:  ∑ ∑ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + ∑ ∑ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 +𝐻𝐻

𝑗𝑗=0
𝐷𝐷
𝑑𝑑=1

𝐴𝐴𝐴𝐴𝐴𝐴
𝑗𝑗=0

𝐷𝐷
𝑑𝑑=1

∑ ∑ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 +  ∑ ∑ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑅𝑅𝐷𝐷
𝑗𝑗=0

𝐷𝐷
𝑑𝑑=1

𝑅𝑅𝑅𝑅
𝑗𝑗=0

𝐷𝐷
𝑑𝑑=1  

      (1) 

B. Subjected to: 
∑ 𝑥𝑥1𝑗𝑗1

𝐴𝐴𝐴𝐴𝑅𝑅
𝑗𝑗=0 = 1  d = 1,…,D (2) 

 

∑ 𝑥𝑥𝑖𝑖2𝐷𝐷
𝐴𝐴𝐴𝐴𝐷𝐷
𝑖𝑖=0 = 1  d = 1,…,D (3) 

 
∑ ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑 = 1𝐻𝐻

𝑖𝑖=0
𝑉𝑉
𝑗𝑗=0   d = 1,…,D (4) 

∑ ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑 = 1𝐻𝐻
𝑗𝑗=0

𝑉𝑉
𝑖𝑖=0   d = 1,…,D (5) 

 
∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑 =  ∑ 𝑋𝑋𝑗𝑗𝑖𝑖𝑑𝑑

𝑉𝑉
𝑗𝑗=0,𝑖𝑖≠𝑗𝑗

𝑉𝑉
𝑗𝑗=0,𝑗𝑗≠𝑖𝑖  d = 1,…,D-1 

    i = 1,…, AnR (6) 
 
∑ ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑 ≤ 1 𝐷𝐷

𝑑𝑑=1
𝑉𝑉
𝑖𝑖=0,𝑖𝑖≠𝑗𝑗  j = 1,…,AnR  (7) 

 
𝑆𝑆𝑗𝑗𝑑𝑑 =  ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑

𝑉𝑉
𝑖𝑖=0,𝑖𝑖≠𝑗𝑗   j = 1,…,Att 

d = 1,…,D (8) 
 

𝑆𝑆𝑗𝑗𝑑𝑑 =  ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑
𝐴𝐴𝐴𝐴𝐷𝐷
𝑖𝑖=0   j = 1,…,H 

d = 1,…,D (9) 
 

∑ 𝑋𝑋𝑗𝑗𝑖𝑖𝑑𝑑 =𝑉𝑉
𝑗𝑗=0 ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑

𝑉𝑉
𝑗𝑗=0 +1  i = 0,…,H 

d = 1,…,D-1 (10) 
 

𝑆𝑆𝑆𝑆𝑗𝑗𝑑𝑑 =  ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑
𝐴𝐴𝐴𝐴𝐻𝐻
𝑖𝑖=0   j = 0,…,RL 

    d = 1,…,D (11) 
 
∑ ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑 = 1𝑅𝑅𝑅𝑅

𝑗𝑗=0
𝑉𝑉
𝑖𝑖=0   d = 1,…,D (12) 

 
𝑆𝑆𝑆𝑆𝑗𝑗𝑑𝑑 =  ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑

𝐴𝐴𝐴𝐴𝑅𝑅
𝑖𝑖=0  j = 0,…,RD 

d = 1,…,D (13)        
 
∑ ∑ 𝑋𝑋𝑖𝑖𝑗𝑗𝑑𝑑

𝑅𝑅𝐷𝐷
𝑗𝑗=0 = 1𝑉𝑉

𝑖𝑖=0  d = 1,…,D  (14)
                   
ArrTid – ArrTjd + TrTij + TSi ≤ (1-Xijd) M 
    i = 0,…,V 
     j= 0,…,AnR 

d = 1,…,D (15) 
 
ArrTid – ArrTWjd + TrTij + TSi ≤ (1-Xijd) M 
    i = 0,…,AnR 

j= 0,…,H 
d = 1,…,D (16) 
 

OpTi≤ArrTid≤ClTi  i = 0,…,V 
d = 1,…,D (17)  
      

OpTi≤ArrTWid≤ClTi  i = 0,…,H 
d = 1,…,D (18)  

       
∑ ∑ 𝐸𝐸𝐸𝐸𝑖𝑖𝑆𝑆𝑖𝑖𝑑𝑑 + ∑ ∑ 𝐸𝐸𝐸𝐸𝑗𝑗𝑆𝑆𝑗𝑗𝑑𝑑 +𝐻𝐻

𝑗𝑗=0
𝐷𝐷
𝑑𝑑=1

𝐴𝐴𝐴𝐴𝐴𝐴
𝑖𝑖=0

𝐷𝐷
𝑑𝑑=1

∑ ∑ 𝐸𝐸𝐸𝐸𝑙𝑙𝑙𝑙𝑆𝑆𝑆𝑆𝑙𝑙𝑙𝑙𝑑𝑑 + ∑ ∑ 𝐸𝐸𝐸𝐸𝑑𝑑𝑖𝑖𝑆𝑆𝑆𝑆𝑑𝑑𝑖𝑖𝑑𝑑 ≤  𝐵𝐵 𝑅𝑅𝐷𝐷
𝑑𝑑𝑖𝑖=0

𝐷𝐷
𝑑𝑑=1

𝑅𝑅𝑅𝑅
𝑙𝑙𝑙𝑙=0

𝐷𝐷
𝑑𝑑=1

               d = 1,…,D 
    i = 0,…,Att 
    lu = 0,…,RL 
    di = 0,…,RD (19) 
 

Equation (1) maximize total customer satisfaction score. 
Equation (2) and (3) guarantee that the tour start and end at 
desired location. Equation (4) and (5) ensure that each trip 
start and end in one of the available hotels. Equation (6) 
ensure connectivity of the path. Equation (7) ensure that 
each attraction and restaurant can be visited at most once. 
Equation (8) use for attraction score calculation. Equation 
(9) use for hotel score calculation. Equation (10) ensure that 

Author Hotel Restaurant Multi-Day Time Window

[15] - - - -

[16] X - X X

[17] X X - -

[18] X - - X

[19] - - - X

[20] X - X X
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the first trip and the second trip will end and start at the same 
hotel, respectively. Equation (11) use to calculate score of 
restaurants for lunch. Equation (12) ensure that each trip 
will have one and only one restaurant for lunch. Equation 
(13) use for restaurant for dinner score calculation. Equation 
(14) ensure that each trip will have one and only one 
restaurant for dinner. Equation (15) ensure timeline of the 
path for attraction and restaurant in each trip. Equation (16) 
ensure timeline of the path for ending location/hotel in each 
trip. Equation (17) limit that each attraction and restaurant 
must visited within time window. Equation (18) limit that 
each ending location/hotel must visited within time 
window. The reason to separate equation 17 and 18 is to 
allow the same hotel to be selected since combining these 
two constraints together would resulting in a constraint 
unbounded issue when number of day is more than number 
of available hotel in the list. Equation (19) limit total cost of 
the whole tour to be less than available budget. 

IV. PROPOSED ALGORITHM 

A. Structure of Memetic Algorithm for OPHRSTW 
[21] was the first to introduced MA and defined it as a 

combination of genetic algorithm and local search 
technique such that have more capability to explore and 
exploit promising region of the search space. It was 
successfully applied to solve VRPs by [22]. For the OP, 
MA was first applied by [23]. Many study successfully 
applied MA to solve OP extension and related VRP such as 
a Memetic Algorithm for the Orienteering Problem with 
Hotel Selection [6], The Memetic algorithm for the 
optimization of urban transit network [24], and A Memetic 
Algorithm for Orienteering Problem with Mandatory Visits 
and Exclusionary Constraints [10]. The structure of MA for 
OPHRSTW compose of two parts: The first part, 
Population initialization which start the process by 
preprocessing step that calculate a score for each pair of 
hotel then used it to create initial population. After initial 
population is created, it will be processed through the 
second part called Main-loop. This process will repeated 
until it reach Maximum iteration (MaxIteration). See Fig. 
1 below for more detailed MA structure description. 

Fig. 1. Structure of Memetic Algorithm 

B. Population Initialization 
In population initialization, the estimated score for 

each pair of hotel is created in preprocessing step. After that 
it is used to generate the initial population. Note that the 
term “population” in this study refers to a tour which can 
consist of one trip or multiple trip. A detailed algorithm of 
the population initialization part on Fig. 2 and Fig. 3. 

C. Matrices of pairs of hotels 
a) Insert and Add (a) Algorithm: The different 

between insert and add is that insert will be used to 
determine a position to insert attraction, while add will be 
used to add restaurant to a slot position. For each non-
included attraction in the trip, the best position of insertion 
that have minimum association cost is determined. Once 
leave time fall within a specified range of lunch and dinner 
time the restaurant will be added. Note that an attraction 
and restaurant that have the maximum Node Position Ratio 
(NPR), which calculated from (Score / Traveling time + 
waiting time at target node if its not available at the time of 
arrival), and does not make the trip infeasible is 
inserted/added. 

b) Replacement Algorithm: For all non-included 
attraction, the NPR of each position in the trip is calculated 
to check whether there are any position that non-included 
attraction node have a larger NPR than the attraction node 
in the trip. Then it is to be checked whether replacing a 
target non-included attraction node to the trip would make 
the trip feasible. Otherwise no replacement executed. Only 
the attraction node with largest NPR value would be 
selected. 

c) Two-Opt (a): This heuristic determined the 
inversion in position of each pair of attraction in the trip 
that leads to highest overall trip time reduction without 
making the trip infeasible. On the other hand, if there is no 
solution that could reduce overall trip time or it leads to an 
infeasible solution then the original solution is returned. 

d) Move-best (a): For each attraction, it is checked 
that if move this attraction to another position in the trip 
will resulting in overall trip time reduction, and feasible 
solution. The solution that have the most time reduction 
would be selected. However, if there is no solution that 
could reduce overall trip time or leads to an infeasible 
solution then the original solution would be selected. 

Fig. 2.  Logic structure of pre-processing step 

D. Creating Initial Population 
This process create an initial population by appending 
sequence of hotel to the tour one by one based on 
probability which proportioned to their score. For the tour 
with more than 1 day long, the end hotel of each day and a 
start hotel of the next day must be the same. If it makes an 
infeasible solution, the algorithm will try to improve the 
solution using feasibility improvement algorithm to make 
it feasible. After each individual population is created, it is 
improved by a local search technique. The whole process 
is repeated to create solution equals to the specified limit 
PopSize. 

1. Population Initialization:  
1.1. Pre-Processing Step 
1.2. Creating initial population 

2. Main-loop: 
Iter = 1 
While (Iter <= MaxIteration) Do: 

1. Populate the Pool 
2. Sort the Pool according to solution quality 
3. Save the Best-Found-Solution 
4. Population management 
Iter += 1 

End 
Output: Best-Found-Solution  

Best = the current incumbent solution 
Set of four greedy moves (Grk): Insert (Att) and Add (Res), 
Replacement (Both), Two-Opt (Both), Move-best (Att) 
NoI = 0 
While (NoI<4) Do: 
 Best’ = Best after applied greedy move Grk on 

If X’ > X then 
 Best = Best’ 
 NoI = 0   
Else 
 NoI += 1 

End 
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Fig. 3.  Logic structure of creating initial population 

E. Feasibility Improvement 
Feasibility improvement algorithm checks and improve 

solution feasibility. The following conditions would be 
checked to ensure the feasibility of the solution. 1. 
Duplication of attraction and restaurant (lunch/dinner) 
node across the tour, 2. Check number of restaurant 
whether it less than or exceed 1 per type (lunch/dinner), 3. 
Time window of an included node in each trip of the tour, 
4. Total cost must lower than specified budget. Fig. 4, the 
algorithm to check feasibility of the above condition was 
shown and would be described on below section 

Fig. 4.  Logic structure of feasibility improvement algorithm 

a) Remove duplication: Logic to remove duplicate in 
attraction and restaurant node across the tour: the algorithm 
would check whether there are any duplication in attraction 
and restaurant node across the tour. If duplication occurred 
the node with the lowest NPR value would be removed 
from the tour. 

b) Check number of restaurant node (lunch/dinner): 
this is an algorithm to check whether it equals to 1 per trip 
across the tour. If number of restaurant (lunch/dinner) in 
some trip is less than 1 then the algorithm would insert a 
restaurant node of type that were missing to the trip. But if 
the restaurant insertion could not be processed due to the 
time limit of each trip then the algorithm would remove 
some attraction node from the tour to create time slot. On 
the other hand, if the number of restaurant node is more 
than 1 then the algorithm would remove the restaurant node 
that have the lowest NPR value from the trip. 

F. Local Search 
After each solution processed through the feasibility 

improvement algorithm, then local search heuristics is used 

to improve attractions and restaurants between each pair of 
hotel 

Fig. 5. Logic structure of Variable Neighborhood Descent with seven 
local search heuristics 

a) Insert and Add (b): Main logic of this algorithm is 
the same as Insert and Add (a) algorithm in pre-processing 
step. The only different is that this algorithm considered to 
insert and add node to a multiple trip within the tour. 

b) Two-Opt (b): Main logic of this algorithm is the 
same as Two-Opt (a) algorithm in pre-processing step. The 
only different is that this algorithm would try to do node 
inversion in every trip within the tour, while the algorithm 
in pre-processing step could be used with only one trip. 
This algorithm would iterated through each trip in tour to 
check whether Two-Opt (b) should be executed. 

c) Move-best (b): Main logic of this algorithm is the 
same as Move-best (a) algorithm in pre-processing step. 
The only different is that this algorithm could be used to 
find the best target position across multiple trip in the tour 
for each attraction node to be moved to. 

d) Swap-Best: The purpose of Swap-Best algorithm 
is to reduce overall trip time. Swap-Best will be used to 
determine the best pair of attraction node to be swapped. It 
could be pair of attraction node from the same trip or pair 
of attraction node from different trip that could provide the 
most reduction on overall tour time.  

e) Extract-Insert-Replace: This algorithm would be 
applied to 2 types of node which are attraction and 
restaurant node. For attraction node, the algorithm would 
remove one attraction node from each trip in the tour then 
insert other unvisited attraction node as much as possible. 
Only attraction node with the highest NPR value that would 
be selected in each round of the algorithm. If there are any 
improvement in total score of a solution then the score 
would be considered as master solution, otherwise original 
solution would still be considered as master solution. The 
same approach also applied to each restaurant in each trip 
of the tour, but the different is that only one node of type 
restaurant for lunch/dinner that would be insert to the trip. 

G. Main-Loop 
In this part, the current population will be applied two 

types of genetic operator which are crossover and mutation. 
After each genetic operator applied, the feasibility 
improvement algorithm and local search technique will be 
applied to improve quality of the solution. After that the 
population management is processed to increase diversity 
of a solution pool. Below section explain algorithm with a 
more detailed. 

Creating Initial Population: 
 k = 1 
 While (k < PopSize) Do: 
  Gk = Generate an initial solution 

Apply solution feasibility improvement 
algorithm on Gk to ensure feasibility of the 
solution 

  If initial solution is a feasible solution then: 
Apply local search on Gk to improve 
solution quality 

 k += 1 
 End 
Current Population = Initial Population 
Calculate and save the Best-Found-Solution 
 
 

Feasibility Improvement (Attraction/Restaurant): 
For each trip in tour: 

If number of attraction/ restaurant node 
duplications > 0 then: 

Remove duplication across the tour 
If number of lunch/dinner node in trip < 1 then: 

Insert lunch/dinner node into the trip 
If lunch/dinner node insertion 
couldn’t process then: 

Replace attraction with 
lowest ratio with 
lunch/dinner node 

If number of lunch/dinner node in trip > 1 then: 
Remove lunch/dinner node with the 
lowest NPR value from the trip 

  Improve solution time window 
End 
 

Best = the current incumbent solution 
Set of four greedy moves (Grk): 
Insert (Att) and Add (Res), Replacement (Both), Two-Opt (Both), 
Move-best (Att), Swap (Res) and Swap-Best (Att), Extract-Insert, 
Extract2-Insert 
NoI = 0 
While (NoI<4) Do: 
 Best’ = Best after applied local search Grk on 

If X’ > X then 
 Best = Best’ 
 NoI = 0   
Else 
 NoI += 1 

End 
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a) Selection: The selection method used in both 
crossover and mutation process is the roulette wheel. This 
method assigns a probability Pi to each solution in the 
population, where probability calculated from their score 
over total score [25]: 

Pi = fi / ∑  𝑓𝑓𝑖𝑖 𝑉𝑉
𝑖𝑖=1     (20) 

b) Termination: In this study, MaxIterations is used 
to limit maximum generation created by this algorithm, this 
parameter need to be adjusted to balance the solution 
quality and computation time 

c) Crossover: Crossover method used in this study is 
a one-point crossover method, two parent solutions is 
selected for crossover process to create two offspring 
solutions (O1 and O2). The algorithm randomly selected one 
trip in the tour and then randomly select a time in the 
selected trip to be used as a chromosome cut point for 
crossover process. This method would be called “trip and 
time cut” method and a target node that would be cut called 
“node to be cut”. There are 2 parameters that used to control 
the number of crossover process as follows: 1. Current 
Population size (PopSize) 2. CrossOver rate (Cr). 

Fig. 6. Algorithm for Crossover and Mutation 

d) Mutation: In mutation process, one parent 
solution is randomly selected and mutated to create one 
offspring. There are two main cases for mutation algorithm 
as follow: The first scenario, multiple trip in one tour - One 
trip in the parent solution with multiple trip will randomly 
selected and the last hotel of it will be replaced with a new 
end hotel from matrices pairs of hotels based on their score. 
If new end hotel is not matches with the start hotel of the 
next trip then the algorithm would also randomly selected 
a new start hotel of the next trip but fixed the end hotel of 
the next trip to be the same hotel. The second scenario: one 
trip in one tour (one day tour) – One trip in the parent 
solution will randomly selected then trip and time cut 
would be executed to split a parent solution into two parts 
then combined it with another solution from matrices of 
pair of hotel that also split into two parts by the same 
method. There are 2 parameters that used to control the 
number of crossover process as follows: 1. Current 
Population size (PopSize) 2. Mutation rate (Mut). The 
mutation algorithm will be explained below and show on 
Fig. 6. 

H. Population Management 

Fig. 7. Algorithm for Population Management 
This algorithm will randomly select solution based 

roulette wheel by using top-down and bottom-up approach 
in each iteration of the algorithm. Top-down approach is 
the approach that a solution with higher score tent to have 
more chance to be selected. On the other hand, Bottom-up 
approach is the approach that a solution with lower score 
would have more chance to be selected. 

V. EXPERIMENTS AND RESULTS 

A. Dataset Explanation 
A review/customer satisfaction score was gathered 

from Agoda.com, Wongnai.com, and TripAdvisor.com. 
The reason to select these three websites is that these 
website is a creditable source of information based on 
number of users provided a review on their website. Data 
collection for destination in the model of this study was 
selected from the central province region of Thailand 
which are Kanchanaburi, Nakhon Pathom, and Ratchburi. 
These province have many natural and historical tourist 
attraction, which could represent cultures and history of 
Thailand, so that tourist could learn and enjoy Thai culture 
and history. 

B. Result and Discussion 
TABLE II.   EXAMPLE OF OPHRSTW SOLUTION BY 
OPTIMIZATION AND MA APPROACHES 

 
To test effectiveness and efficiency of the 

memetic algorithm, an experiment of computation was 
conducted. There are 51 test cases were created. Each of 
test case would have different number of node in each type 

Optimization 24.32 475.50 10.00
MA 23.40 470.00 3.30

difference 3.78% 6.70 sec.
Optimization 25.54 620.50 33.00

MA 24.77 900.50 2.50
difference 3.01% 30.50 sec.

Optimization 24.70 951.00 29.00
MA 24.70 951.00 2.90

difference 0.00% 26.10 sec.
Optimization 26.32 375.00 351.00

MA 24.65 670.00 3.70
difference 6.34% 347.30 sec.

Optimization 27.98 1160.00 47.57
MA 27.98 1160.00 3.64

difference 0.00% 43.93 sec.
Optimization 28.65 595.50 746.20

MA 28.48 675.50 3.55
difference 0.59% 742.65 sec.

Optimization 27.98 825.00 66.27
MA 27.98 825.00 3.09

% difference 0.00 63.18 sec.

Approach Score
Computation 
time (second)

 Total Cost 

4

3

2

1

Test case

7

6

5

OffSpringCount = 1 
While (Cr <= CrP * Popsize) Do (Time cross over): 
 Select solution P1 and P2 from the Current Population 
 (Roulette Wheel) 
 Apply Feasibility Improvement on O1 and O2 
 Apply Local Search on O1 and O2 
 Add O1 and O2 to the Pool 
 OffSpringCount += 1 
End 
 
OffSpringCount = 1 
While (Mut <= (Mut* Popsize) Do: 
 Select solution P1’ from the Current Population (Roulette 
 Wheel) 
 O1’ = Apply Mutation on P1’ 
 Apply Feasibility Improvement on O1’ 
 Apply Local Search on O1’ 
 Add O1’ to the Pool 
 OffSpringCount += 1 
End 
 

Empty the Current Generation 
Indc1 = 1 
While (Indc1 <= PopSize) Do: 
 i = Indc1 
 Select the ith solution from the top of the Pool and add it to 
the Current Population (Roulette Wheel; top-down) 
 Select the ith solution from the bottom of the Pool and add 
it to the Current Population (Roulette Wheel: bottom-up) 
 Indc1 += 2 
End   
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assigned. Each of the test case was solved using the ILOG 
CPLEX and the memetic algorithm (Coded in Python) 
running on the same computer with specifications as follow 
Operating System – Window 10 64-bit OS; Processor – 
Intel® Core ™ i7 – 6700HQ CPU @ 2.60GHz; RAM 16.00 
GB. There are 51 test cases, the ILOG CPLEX could solve 
only 14 test cases. The computation times ranged from 
10.00 to 746.20 seconds. For test cases that CPLEX unable 
to solve was due to it reached time limit which is a pre-set 
time limit of 28,800 seconds (8 hours). On the other hand, 
the memetic algorithm (MA) could solve all 51 test cases. 
The longest computation was only about 10 seconds with a 
difference in total score range from 0 to 6.34%. Below is 
an example of the result from the experiment. Fig. 8 and 
Fig. 9 provide a summary of performance of MA approach 
compared with Optimization approach. It is shown that 
saving in computation time when using MA approach on 
average is 158.92 seconds, while the maximum is 742.65 
seconds. And for %gap in total tour score on average is 1.59 
with standard deviation of 2.24. As a summary, the MA 
approach could solve OPHRSTW efficiently since both 
saving in computation time and %gap are in a good shape 
and well-balanced.  

Fig. 8. Summary of performance comparison 

Fig. 9. Summary of %gap between Optimization and MA approach 

C. Conclusions 
The result shows that the MA could solve OPHRSTW 

efficiently as shown on TABLE II. The MA could provide 
a solution that is optimal or close to optimal point within a 
reasonable runtime when compared to optimization 
approach. Thus, MA is a tool that would satisfy users in 
terms of quality and time usage in solving OPHRSTW and 
its related problem with avg. %gap and avg. saving in 
computation time of 1.59% and 158.92 seconds, 
respectively. 
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Improving of Pre-Processing Image for  
Child Cleft Lip by Image Processing  

 
  

  
      

 
 

 
 

 
  

      
 

 
 
 

  
  

      
 

 
 

Abstract—This paper proposed improving of pre-processing 
image for child cleft lip which are very important to evaluate 
shape of lip after operation. This method performed with image 
enhancement by shades and adjust image intensity by adjust 
image intensity as watershed method, which are applied for edge 
lip detection. The problem can be solved by the image that has 
too brightness and noise remove from the shave area upper lip. 
The problem is factors that are effecting to lib detection image as 
threshold background and unable close mouth completely, image 
segmentation. Therefore, this paper proposed approach to solved 
improving the of pre-processing image for child cleft lip that are 
suitable before image processing of lip detection clearly. To 
evaluate treatment results with experts according to the principle 
of nasolabial from 5 person. To reduce conflicts in inconsistent 
results conclusion by measuring pixel diff of the white pixel that 
have a minimum distance. In addition, the minimum distance 
value both the pixel and white pixel difference was found and 
show the efficiency of image processing. Finally, this paper is the 
most suitable method is the Zero-crossing detection method in 
the results obtained from Pixel difference and Distance difference 
are the smallest values. 

Keywords— child cleft lip, image processing, lip detection, 
image segmentation, adjust image intensity 

I.  INTRODUCTION  
Cleft lip and palate [1] is a type of facial anomaly which 

found abnormalities in the upper lip and oral cavity can occur 
in newborns. In this paper, these images of cleft lip and cleft 
palate children are brought from the medical examiner of the 
Srinakharin hospital and Tawanchai center. There are many 
factors that make these images cannot be processed to find the 
shape of lips. For example, images with many noises [2], 
images with too much brightness, pale lips do not cut against 
the background, and images of patients with moustache above 
their lips. Therefore, it is necessary to have a child patient 
picture preparation process before image processing such as 
adjusting the brightness for some point, adding beige shades to 
the intensity of the lips, processing the shape of lips with 
watershed method, classify the primary colors which are red, 
green, and blue (RGB) [3],[4] with HSV method [5], and 
method to find the clearest shape of lips. Then crop [6] only the 
upper part of lips, convert it into grey and to black and white 
(binary) [7], and reduce the noises of images. Change the 

background color into black which makes pixel to be 
continuous. After that, convert the background color into white 
to find the edge line of lips with edge detection processing [8] 
from these methods, Roberts, Prewitt, Sobel, Canny, LoG, and 
Zero-crossing detection to find the sum of pixel difference. 
Draw the edge line of lips then measure the overlap between 
the border of the images and the real lips, the pixel of non-
overlapping will be white, the value of the pixel difference is 1 
and the distance difference between the border of the images 
and the real lips. The most appropriate method gives out the 
least sum of pixel difference and distance difference to lead to 
the evaluation results after treatment for cleft lip and cleft 
palate children [1] that has been surgically treated symmetrical 
or not. This is to reduce conflicts from inconsistent evaluation 
results to find the conclusion after surgery. However, the 
problem is how to pre-processing image in which is still 
adjusted image from original image into other steps. 

In this paper focused on improving the pre-processing 
image for child cleft lip. The method of increasing the intensity 
of the lips image by color adjusting method color and separate 
them into three colors, including red, green and blue which 
used the watershed method before filter them by HSV 
technique to separate each color. The step is organized into five 
sections. The section II reviews the literature and related 
research. The section III describes the pre-processing of our 
approach. The section IV explains the experimental results. 
Finally, the summarization of the study results is shown in 
Section V. 

II. RELATED WORKS 

A. Related theory   
1) Cleft lip and cleft palate [1] is one of the most common 

congenital disabilities of a child which is a disability of the 
head and face, and also a condition that has many defects such 
as abnormal structure of mouth and face, problems with food 
absorption, slow development and growth, the occlusion of 
abnormal teeth and difficulty in speaking (speaking unclear, 
drone, hoarse, and otorrhea). Children with cleft lip and cleft 
palate require many complex maintenance and long time to 
heal that needs to be treated from birth to at least 20 years old. 
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2) There are many factors that cause the chance of cleft lip 
and cleft palate so it is unable to specify the exact cause but 
found that the incidence of disease caused by internal, 
external, or environmental factors below. 

a) Internal factors such as congenital, it is found that 
this condition is associated with genetics approximately 12-
20% of all patients. And it is genetically inherited by people 
who have had this disease with family members. 

b) External factors or environmental factors such as 
maternal illness during pregnancy, malnutrition during 
pregnancy, smoking or drinking alcohol during pregnancy, 
lacking of folic acid during pregnancy, obesity during 
pregnancy, and continuously receiving medication or 
substances during pregnancy such as antiepileptic, steroid, 
acne medication that contains Accutane, Methotrexate 
chemotheraphy including drugs that used to treat cancer, 
arthritis, and psoriasis 

3) RGB Image [3] also called True color image will 
determine the number of each pixel, red, green, and blue in m 
x n x 3 array data format. It is the combination of red, green, 
and blue, each configuration is 8 bit in the form of RGB image 
equals to 24 bit and will be in the same plane of that position. 

Converting RGB to YCbCr [9]  
 Y = (0.299 x R) + (0.587 x G ) + (0.114 x B)  (1)  
 Cb = ( — 0.168736 x R ) — ( 0.331264 x G ) + (0.5 x B) (2) 
 Cr = (0.5 x R) — (0.418688 x G ) — (0.081312 x B )  (3) 

4) Gray-scale Image [10] Gray-scale Image is matrix data 
that shows the color value of the gray color. The single or 
double matrix class will use the concentration of the image 
between [0,1]. 0 stands for black and 1 for white, for the 
matrix class of unit8 or unit16 will use the concentration of the 
image between [0,255] or [0,65535]  

5) Binary image or black and white image is the image 
that contains only black and white color, and digitally means 
that there are only two status which are 0 and 1 (0 for black, 
and 1 for white). The conversion of grayscale images to binary 
images must specify the intensity to be referenced or the 
Threshold value which the user can arrange by themselves or 
use the algorithm to find the value. 

6) HSV color system [11],[12] HSV color system or Hue 
Saturation Value is a color consideration by using Hue 
Saturation Value. Hue is the value of primary colors (red, 
green, and blue). Pragmatically, the value will be between 0 
and 255, if the Hue equals to 0 it will be in red. And Hue 
increases, the color changes according to the color spectrum 
until it reaches 256, it will turn into red again. This can also be 
substituted in degrees, red is 0 degrees, green is 120 degrees, 
and blue is 240 degrees. Hue can be calculated from RGB 
system as shown below. 
 

Red           =    red – min(red, green, blue) (4) 

Green       =     green – min(red, green, blue) (5) 
Blue         =      blue – min(red, green, blue)    (6)  

 
7) Threshold the gray-scale image will be reversed before 

converting to a binary image which will select the gray level. 
As you can see in the original image, when reversing value for 
every pixel, this is to set the gray value to greater or less 
which is a part of image segmentation that needs to be 
separated the object from the background. And can be written 
in equation below. 
 

g(x,y) = { a, if  ƒ(x,y)  < T                                                 
          {  b, if  f(x,y)  ≥ T  

    when 
           g(x,y) is a position (x,y) that is converted to binary 0   
                      and 1 
          ƒ(x,y) is a posotion (x,y) is a dark gray level 
          T   is the new threshold value 
 

8) Edge detection [12] is to find the perimeter caused by 
the immediate change of the brightness of the image. By 
looking at the size and the rate of change of size. Examples of 
ways to detect edges: 

a) Edge Detection: Is to find the perimeter caused by the 
immediate change of the brightness of the image. By looking 
at the size and the rate of change of size. Examples of ways to 
detect edges. 

b) Gradient descent method[13] will find the edge by 
finding the lowest and highest point in the form of the first 
derivative of the image where the edge is located above the 
Threshold value [3] so it may cause the border to look thick. 
Example of ways to find the edges of this group are Roberts, 
Prewitt, Sobel, and Canny. 

III. RESEARCH METHODOLOGY  

A. Propose Pre-Processing Image Method 
Normally, the image processing that consists many steps 

and this paper proposed a new method for pre-processing 
image by add five steps that including with step 4 to 8 in order 
to improving the image recognition clearly. These steps as 
showed in Figure 1 which can explain the steps as follows. 

Step 1-3  to import and crop the lip area. 
Step 4 to increase the intensity of the color by defining all 

3 shades (RGB). 
Step 5 crop only the upper part of the lip to limit image 

process area. 
Step 6 Remove the background with use watershed method 

to show the shape of the object from RGB. 
Step 7 Separate all 3 primary colors (RGB) from the 

watershed process by HSV method. 
Step 8 Choose the primary color that gives the shape of the 

lips the most. 
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1.Import photo data (image file type .JPG)

2.Show the wanted area to crop

3.Crop only the lips part

4.Increase the intensity of the color by defining all 3 shades (RGB)

5.crop only the upper part of the lip

6.use watershed method to show the shape of the object from RGB

7.Separate all 3 primary colors (RGB) from the watershed process by HSV method

8.Choose the primary color that gives the shape of the lips the most.

9.Noise remove

10.Create a black background

11.Make the line continuous.

12.Switch border color from white to black from black background to white

13.Edge detection by  Roberts, Prewitt, Sobel, Canny, LoG, Zero-crossing

14.Draw the real lips edge

15.Measure the overlapping of the real lip line and lip line. The areas that do not overlap 
will be white, and equal to 1. (Pixel diff) find the sum of the white pixel

16.Measure the distance difference for non-overlapping part.

17.Summarize to find the method with the smallest Pixel difference and Distance difference. The most 
suitable method is Zero-crossing

 
 
Fig 1. The improving of pre-processing image method for child cleft lip image detection 
 

  
However, step 9 to 17 of child cleft lip images processing 

are the exist steps which described in [14] the edge detection 
and symmetry method for cleft lip and palate children using 
image processing research. 

 

B. Data collection and System environment 
The data is collected from cleft lip and cleft palate patients 

from Tawanchai Center, Faculty of medicine at Khon Kaen 
University.  

MATLAB R2014a used for process under hardware that 
Intel® Core™ i5-3210M model, speed of CPU 2.50GHz, 
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RAM 12.0 GB and the operating system software that we used 
Microsoft Windows 10 Pro 64 bit. 

 

IV. EXPERIMENTAL RESULTS 
The image used below are the 5 straight images of children 

with cleft lip and cleft palate after the surgery in RGB image. 
And each image consists of various factors such as too much 
brightness, too colorful background, patients with moustache 
above the lips, pale and unclear lips color. 

 

 
        (a)                     (b)                     (c)                   (d)                      (e)  

Fig. 2.  The sample of  five pediatric patient’s photos into .jpg file 

 The images used in the research are only the area of the 
patient’s lips so it is necessary to crop the images by specifying 
the specific spot on the lips and increasing the intensity of the 
beige shade in the images. By Matlab command Intensity of the 
image =  imadjust (filename.jpg,[0.3 0.7],[]). 

  

 
          (a)                    (b)        (c)   (d)   (e)  

Fig. 3.  Cropping the lip area with CascadeObjectDetector library 

Have cropped only the lips area which is defined in the image 5 
to use the images to process in the next procession. 

To increase the shade level of the lips area by setting the 
shade level to 3 levels to find the image with the most suitable 
intensity shade level. The intensity of shade level can be 
classified as shown below. For example, from the Figure 3(a) 
we can adjust the shading intensity level 1 = the image that 
adjusts the color intensity * (0.75) as showed in  Figure 4(a). 
Level 2 = the image that adjusts the color intensity * (2.5) as 
showed in Figure 4(b) and shading intensity level 3 = the 
image that adjusts the color intensity * (7.5) showed as Figure 
4(c) respectively. 

Next step, to choose only the upper lips of the image from 
the three levels of shading intensity, then select the most 
suitable image for watershed method. 

In additions, in order to transform to RGB shade which we 
use the watershed method to display the shape of the object 
with primary colors (Red, Green, and Blue) as showed in 
Figure 6. Which Table I. showing suitable colors for the 
images to be used in edge detection process of the object. 
 

               
                           (a)                 (b) 

 
(c) 

Fig. 4.  Adjust the shading intensity (a) level 1, (b) level 2, (c) level 3 

    
 (a)      (b) 

 

 
   (c)  

Fig. 5.  Cropped only the upper part of lips  

  
      (a) (b) 
 

 
(c) 

Fig. 6.  Used the watershed method to show the lip shape from the three 
primary colors (RGB) a(red),b(green),c(blue) 
 

  
                          (a)                                                          (b) 

 
     (c) 

Fig. 7.  Used the HSV method to show the lip shape from The three primary 
colors (RGB) a(red),b(green),c(blue) 

TABLE I. SUITABLE COLOR TO DETECT THE SHAPE OF THE OBJECT FROM 
WATERSHED METHOD 

Image File Colors selected from HSV 
img1.JPG Blue 
img2.JPG Green 
img3.JPG Green 
img4.JPG Green 
img5.JPG Red 
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From watershed method, pick the most suitable color and 
convert into binary image (black and white image) but there 
will be many noises in the image. 
 

  
                              (a)                                                     (b) 

 
(c) 
 

Fig. 8.  Choose the most suitable color then convert to binary image red color 
(a) green color, (b) and blue color(c) 

Remove the noises from the image from separating 
primary colors (RGB). Binary images have got many noises in 
the image so the noises need to be removed first to get the 
clearest edge image. The image on the right side is the image 
that has been removed the noises.  

  
                              (a)                                                              (b) 
 
Fig. 9.  Remove the noises from the image. The left image (a) is before 
removing (b) 

From the Figure 9. the right image(b) is clearly image after 
removing the noise. And then the process of creating a black 
background image in order to obtain a clearer shape and edge 
of the object it illustrated in Figure 10. In additions, to make 
the line continuous to create the connecting point of the pixel 
as showed in Figure 11. Then, after make the line can 
transform image the background color from black color to 
white color that showed in Figure 12.  

 
 

  
                             (a)                                                              (b) 
 
 Fig. 10.  Create a black background image. The left figure (a) is the image 
before creating the background. The right figure (b) is the creation of a black 
background. 

  
                             (a)                                                            (b) 
 
Fig. 11.  Make the line continuous. From the figure on the left (a) is before 
creating a continuation of the line, the figure on the right (b) is after making 
the line continuous. 

  
(a)                                                            (b) 

 
Fig. 12.  Change the background color to white(b) to obtain black (a) edge line 
of the object. 

Therefore, to detect the lips edge by using Roberts, 
Prewitt, Sobel, Canny, Laplacian of Gaussian (LoG) and Zero-
crossing detection method with showed in Figure 13. 

 

 
 
Fig. 13.  Detect the edge of lips by using Roberts, Prewitt, Sobel, Canny, and 
Laplacian of Gaussian (LoG), Zero-crossing detection. 

From the detected the lips in Figure 13. we can draw a lip 
edge to compare with the edge line of lips. 

 
Fig. 14.  Draw a lip edge to compare to the edge line of lips 

Finally, the measurement of the overlapping of the lips to 
assess the effectiveness. The overlapping areas will be white 
lines, and the value equals to 1 (Pixel difference) measure the 
distance difference. Which the result of child cleft lip detection 
by image processing and illustrated in Figure 15. 

 
Fig. 15  Compare the lips to assess the effectiveness 
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The calculation for pixel diff  the number of  white pixel is 
a representation of the overlap the edges of the lips image. And 
Distance diff to measure vertically distance of the edge of the 
lips as showed in Table II. 

TABLE II. SHOWS THE VALUE COMPARING BETWEEN PIXEL DIFFERENCE AND 
DISTANCE DIFFERENCE FROM THE METHOD OF ROBERTS, PREWITT, 
SOBEL, CANNY AND LAPLACIAN OF GAUSSIAN (LOG),ZERO-
CROSSING DETECTION. 

V. CONCLUSION AND FUTURE WORK 

 This research has been done to improve the quality of the 
original in order to obtain a clearer edge line of lips image by 
increasing the intensity of beige shade and classify the shading 
level to 3 levels. Using watershed method to detect the shape of 
the object to get a suitable and clear image in order to detect 
the edge line of lips from Roberts, Prewitt, Sobel, Canny, 
Laplacian of Gaussian (LoG), and Zero-crossing detection 
method. The problems that occur are the image has the color 
that unclearly cut against the face color, the original image is 
too bright, pale lips, the face color does not cut against the lips 
color, too much noise, moustache above the lips, and the 
patient’s lips are not completely closed. These methods 
impossible to separate the shape of the lips from the 
background of the image. Therefore, this research proposes 
guidelines for improving image quality to be suitable before 
the lip’s shape detection process. By measuring the area of the 
overlapping line, the non-overlapping part will be white, and 
the value equals to 1 (Pixel difference) which the sum is all of 
white parts, and measuring the distance difference between the 
lip line to the image edge. The research presented proves that 
the Zero-crossing detection method gives out the least value for 

both pixel difference and distance. In the future work, can be 
apply these methods for the animal capture detection.  
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Methods Pixel diff 
Img1 Img2 Img3 Img4 Img5 Avg. 

Roberts 343 542 834 593 1159 694.2 
Prewitt 642 396 828 507 1008 676.2 
Sobel 674 842 424 944 700 716.8 
Canny 283 824 420 877 817 644.2 
LoG 703 826 398 925 719 714.2 
Zero-crossing  274 803 396 867 733 614.6 

Methods Distance diff 
Img1 Img2 Img3 Img4 Img5 Avg. 

Roberts 218 1437 890 1209 941 939.0 
Prewitt 144 1169 789 1186 746 806.8 
Sobel 228 1399 587 1261 753 845.6 
Canny 175 1397 694 1096 903 853.0 
LoG 273 1316 624 1134 800 829.4 
Zero-crossing  176 1368 609 1135 819 805.0 
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Abstract— Since the coronavirus disease 2019 (COVID-
19) outbreak has spread across the country, our research 
applies to remind the people to wear a face mask when we go 
outside because a facial image detection and classification 
method will be used to authentication and authorization. This 
paper has shown that our created models based on CNN can 
detect the face mask-wearing, glasses-wearing, and gender 
with comparison two models. We training model with mix 
public datasets such as WIDER FACE, AFW, and MAFA. 
Moreover, we use VGG-Face to pre-train the model for the 
advance detection rate. 

Keywords— convolutional neural network, CNN, pre-
training, classification, face classification  

I. INTRODUCTION  
The current image classification techniques are used in 

extensive applications including, security features, face 
recognition, face verification, traffic identification, medical 
diagnosis, and other fields. The idea of image classification 
can be solved by different approaches[12]. Over the past 
few years, the increasing security is growing attention toward 
authentication based on voice, fingerprint, face and others. 
Face recognition is very interesting because it is useful for a 
wide number of real-time applications, such as surveillance, 
security systems, and access control. There are many works 
that were done in recent years, with many different approaches 
that have been proposed for a facial image. One topic, 
recognition methods, is trying to know the person and re-
identify them [2-8]. The research problem in verification 
or re-identification[3] proposed deep discriminative 
representation learning (DDRL) for the unconstrained 
person re-identification. Moreover, [6] except for face 
recognition, such methods are often incapable of handling the 
open-set scenario of identifying new persons not included in 
the current set of known persons. Next, research problems 
from the source of the image such as [4] use to matching 
facial images captured from different sensors or sources with 
NIR-VIS to improve face recognition and [14] have 
additional depth images in the training data captured using 
depth cameras such as Kinect. In particular, we extract visual 
features and depth features from the RGB images and depth 
images.   The next topic, geometry-feature-based 
methods, is to try to identify the position and relation between 
a part of the face such as eyes, nose, mouth, and shape, or size 
of the regions [9-10]. Once, COVID-19 was spread, the 
public health experts recommended universal mask-wearing, 
and some cities ordered residents to wear them under penalty 
of fine or imprisonment. In this real situation, the application 

may not undergo facial processes because the analysis 
algorithm to the face part has lost information. Anyway, 
COVID related application of computer vision, this one on 
detecting whether or not a person is wearing a face mask [9]. 
The research problem about detecting an object on the face 
such as [9] detect faces with occlusions is a challenging task 
due to two main reasons:  the absence of large datasets of 
masked faces, and the absence of facial cues from the masked 
regions and [10] proposed method based on active 
appearance model (AAM) to remove eyeglasses from face 
images. 

The purpose of this work is to propose a facial image 
classification method which consists of glasses and mask over 
the faces. So, the method appears suitable to be also applied 
in combination with this approach. It will focus on some 
parts of the face, such as eyes and mouth. Face detection is 
a critical technology, due to being applied in many fields such 
as authentication and authorization. In order to allow go to 
various locations, But due to the flu situation, general people 
have to wear a mask when they go outside. In this manner, 
many missing facial can be primarily recovered and exist in 
technology, not enough. Therefore need to create a new 
model based on the original model that is already effective 
facial detection technology. In this paper, we propose a 
method for facial classification based on features extracted 
with convolutional neural networks (CNN) and using the 
advantage of a pre-trained model in similar works. 

II. RELATED THEORY 
Recently, Almost of research is using deep learning 

because it becomes the first order of the state of art recognition 
algorithms. Especially, convolutional neural networks 
(CNN) have shown great potential in computation tasks.  
CNN  use in the tasks of object recognition, tracking, 
classification, and face recognition. It has shown an 
excellent capability to solve complex problems and image 
classification tasks, which are impossible for human 
computation. The CNN creates a new image classification 
models which are much faster and more accurate than ever 
before, and they were applied in several objects [12-15]. 
Current CNN-based face detection methods divided into two 
categories. In the first category, CNN is used as a feature 
extractor in a traditional face detection framework to improve 
performance[17]. The second category, CNN, refers to the 
focus point on the face method, regards face detection as a 
particular case of generic object detection, and solves it using 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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CNN-based object detection algorithm relying on identifying 
faces in the image [16]. 

VGG-16  network, proposed by K. Simonyan and A. 
Zisserman from the University of Oxford, is a convolutional 
neural network architecture. It is compounded with 16 
layers. Each layer consists of convolutional layers maximum 
pooling, or max pooling layers, activation layers, and 
connected layers with fully. VGG-16 is convolution 
network for classification and detection. Next, The VGG-
Face CNN descriptors are implemented by the University of 
Oxford-based on the VGG-Very-Deep-16 CNN 
architecture that is trained on over 2 million celebrity images 
as described in [5]. Other technologies were applied in the 
face images such as Facenet, OpenFace, and DeepFace.  
Even, DeepFace was developed by Facebook for face 
recognition models as a good alternative to VGG-Face.  

III. METHODOLOGY 
The algorithms used in this research based on the CNN 

architecture. We applied VGG-Face, the models are trained 
better and are able to identify different levels of image 
representation. The model will give the characteristic of 
face image such as glasses-wearing, a mask-wearing, or 
gender. 

TABLE I.  TRAINING DATASET 

Group Data Types 
#no. 

Images 
1 Glasses wearing 8,900 

2 
No Glasses 
wearing 8,900 

3 Face Mask 2,200 
4 No Mask wearing 2,200 
5 Man 27,000 
6 Woman 27,000 

 

A. Data Collection 
The public datasets used in the paper are WIDER FACE 

[19], Annotated Face in-the-Wild (AFW) [18], and 
MAFA [9]. To demonstrate their proposed method 
achieves state-of-the-art results. We mixed the dataset from 
MAFA, WIDER FACE, and AFW for training. Moreover, 
Deep learning needs to be trained with a huge training data set 
to achieve satisfactory performance. The public datasets 
usually contain limited images. Training dataset, the positive 
images are generally fewer than negative images. So, data 
augmentation is better to boost the performance and a widely 
used compensate in deep learning [20]. So, augmented data 
will be making many images to achieve data balancing. Data 
augmentation is widely used  

 

 
a) The face data 

 
b) The face mask data 

Fig. 1. Example of Training dataset  

TABLE II.  PROPOSED CNN ARCHITECTURE 

Layer type Parameters 
Input Layer 224x224 RGB image 

Convolution #64    224x224 
Convolution #64    224x224 

Max Pooling  #64    2x2 

Convolution #128  112x112 
Convolution #128  112x112 

Max Pooling  #128    2x2 
Convolution #256  56x56 

Convolution #256  56x56 
Convolution #256  56x56 

Max Pooling  #256    2x2 

Convolution #512  28x28 
Convolution #512  28x28 

Convolution #512  28x28 
Max Pooling  #512    2x2 

Convolution #512  14x14 

Convolution #512  14x14 
Convolution #512  14x14 

Max Pooling  #512    2x2 
Avg. Pooling #512    1x1 

Flatten #512    1x1 
Dense (Relu) #4096    1x1 

Dense (Relu) #4096    1x1 
 

to compensate for deep learning. Deep learning needs to be 
trained with a huge training data set to achieve satisfactory 
performance. We use the data augmentation to boost the 
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performance when training the deep network. We divided 
the image training set into six sets in our experimental detail 
in Table I. 

The training set, we crop the input images into 224 × 224 
pixels and horizontally flip them around the y-axis. To 
achieve data balancing, we sample the same number of 
positive images and negative images in each classes when 
start the training process. 

B. Network architecture and Training  
The overall framework is shown in Fig. 1. The 

framework is composed of two steps of neural networks. 
Firstly, pre-trained, this model start with the smaller 
networks converged and then used as initializations for the 
larger and deeper networks. The goal is to find the 
parameters of the network that minimize the average 
prediction loss value after the softmax layer. We applied 
VGG-16 and used VGG-Face structure model in pre-
training step. Secondly, our layer, the classifier will have 2 
convolution layers, 1 max pooling layers, 1 flattening layer 
and finally an output layer with Adam optimizer. The 
33,605,442 parameters are trained in our proposed model. 
Our implementation is based on the python program with the 
NVIDIA CuDNN libraries to accelerate training. All our 
experiments were carried on NVIDIA 2070 RTX GPUs with 
6GB of onboard memory. 

IV. EXPERIMENTS AND RESULTS 
To allow for a direct comparison to previous work, while 

our CNNs are trained on the mixed dataset in the section 
before. We design two experimental groups to measure the 
accuracy rate, whether one model or multi-model is better for 
face classification with our model structure and unbalanced 
data. To obtain all the training data's average responses, we 
put all training data into the fine-turned VGG-face. Setting 
X= [x1, x2, x3, ... , xn] denotes the image of training 
data, n is the number of training data. This method for fine-
tuning the pre-trained VGG-face. 

 

 
Fig. 2. Hierarachy Classification  

A. First Experimental 
The experiment is to try to classify the face with a 

hierarchy structure, as shown in Fig 2.  The dataset is 
consists of 4 groups of face images. 

-The image of 10,000 faces with a face mask or glasses 
and 10,000 regular faces.  
-The image of 8,900 faces with glasses and 8,900 faces 
without glasses.  
-The image of 2,200 faces with a face mask and 2,200 
faces without a mask.  
-The image of 27000 man faces and 27000 woman faces.  

We start with the pre-train of VGG-face and add three of the 
last layers to parameters training. This classifier will have 
one flattening layer, one max pooling layer, two convolution 
layers, and finally, an output layer with Adam optimizer. In 
the following, we improved the last three layers in the 
proposed models for increased accuracy. The input image 

will classify gender with first and compute the confidence 
value in Scorei. Next, the face image will classify mask-
wearing and compute the confidence value in Scorej. Last, 
the face image will classify glasses-wearing and compute the 
confidence value in Scorek. Finally, the accuracy rate of 
testing is shown in Table III. 

 

 

 
Fig. 3. Pseudo code  

When we use the 4 models to predict the face, we select the 
condition and threshold by the value of data training. First, 
If the confidence value of gender, mask, and glasses was less 
than 0.5, the images were rejected into the group. Other 
criteria to classify groups by the confidence value are shown 
in Fig 4. To evaluation, we classified the face images into 6 
classes as Table 1 (glasses-wearing,  mask-wearing, man, 
woman). We use 4 trained models to classify like a 
hierarchy structure. In the first experiment, we trained four 
models with 96,000 face images to classify into four groups. 
The evaluation is shown that the models get an average 
94.99% accuracy rate.  

TABLE III.  RESULT OF MODELS 

Model 
Accuracy Rate (%) 

Training Testing 
M1 99.44 98.58 
M2 98.54 91.12 
M3 97.59 96.13 
M4 97.18 94.12 

  
M1 is a trained model for classification of the face image that 
wears a face mask or glasses and a normal face. M2 is a 
trained model for face image classification to a face mask 
wearing and non-face mask-wearing. M3 is a trained model 
for face image classification to glasses and no glasses. M4 is 
a trained model for gender classification by face images. The 
accuracy rate of the experiment is shown in Table III. 

Condition for group classification 
If found face in the image 

1) If the value of Score
i
 < 0.5 and the value of Score

j
 

< 0.5 and the value of Score
k
 <  0.5 

 classified in a  confused group 
2) If the value of man > 0.9 

 classified in a man group 
        or the value of woman > 0.9 
 classified in a woman group 
        or classified in a none group  

3) If value of mask > 0.8 
  classified in a mask group 

4) If value of Glass >  0.8 
                  classified in a glass group 
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B. Second Experimemtal 
The experiment uses a trained model to classify the face 

into four classes, such as glasses-wearing (S1), mask-
wearing (S2), man (S3), and woman (S4). The dataset 
uses the same as section A. We use to train with the pre-
train of VGG-Face. The accuracy rate of training is 85.5%.  

. 

TABLE IV.  CONFUSION METRIC OF RESULT 

Actual Predicted 
S1 S2 S3 S4 

S1 0.75 0.18 0.05 0.02 
S2 0.01 0.90 0.01 0.08 
S3 0 0 0.95 0.05 
S4 0 0.10 0.10 0.80 

 
We use our proposed architecture, explained in section A, 

for classification face images by only single model. In the 
second experiment, we trained a model with 6,000 face 
images to classify into four groups with balance data in every 
group. The evaluation is shown that the model gets an 
average 85.5% accuracy rate. We use the ReLu function to 
solve the vanishing gradient problem because it is suitable for 
balance data. This function does not have an asymptotic 
upper and lower bound. Thus, the earliest layer can receive 
the last layers' errors to adjust all weights between layers. By 
contrast, a traditional activation function like sigmoid is 
restricted between 0 and 1, so the errors become small for the 
first hidden layer. This scenario will lead to a poorly trained 
neural network. The experimental results showed that the 
model trained with many images would give an advantage.  
Although we use the image augmentation to make data 
balancing, the real face images are the best for training.   

V. CONCLUSION 
The comparison of single and multi-model are shown that 

the dataset in this experiment ware cross the group in some 
case so the multi-model will be loss performance to predict in 
the face image by our proposed model architecture was shown 
that the face images could give information for deep learning 
network to predict the objective setting. The result of this 
paper shows that the multi-model get high accuracy, but on 
the other side that we have to conscious is the space in 
memory of the computer. If we use a single model to 
classify, it uses a resource less than the multi-model. Fig 5 
shows a comparison of the accuracy rate in each group. 
Moreover, face image was applied in many areas because pre-
train VGG-Face helps the suitable tuning parameters by 
million face images. This advantage model structure can be 
helpful for researchers to create a new model of about-face 
images. Notably, our research uses to detect the face in the 
coronavirus disease 2019 (COVID-19) outbreak event to 
remind the people to wear a face mask when going outside or 
inside the public places. The compare results were shown in 
Fig. 4. We use a multi-model in section A and a single 
model in section B to classify face into four groups as a normal 
face, glasses-wearing, mask-wearing, and gender. The 
accuracy rate for classifies normal face (C1) is 75% with a 
single-model and 98% with multi-models. The accuracy 
rate for classifies the glasses-wearing group (C2) is 90% 
with a single-model and 91% with multi-models. The 

accuracy rate for classify mask-wearing group (C3) is 95% 
with a single-model and 96% with multi-models. The 
accuracy rate for classifying gender (C4) is 80% with a 
single-model and 94% with multi-models. In future work, 
the facial will classify a particular person because deep 
learning makes amazing in recognition applications. 

  

 
 

Fig. 4. The result of prediction with single and multi-model  
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Model proposed to cost reduction in printing 
         

  
    

  
   

  

  
 

 

Abstract— This paper illustrates the benefit of 
model proposed in order to reduce cost and improve toner 
replenishment process. The proposed design printers will be 
reduced from 133 devices to 80 devices (the existing 
devices will be 40 and the new devices will be 40) to cover 
all area services. The proposed results have proven in 
reducing the cost from 112,688 Baht/month to 91,328 
Baht/month or decreasing cost 21,360 Baht/month 
(decreasing 19%). The proposed re-design toner 
replenishment process to be better. In addition, the toner 
replenishment task will be transferred from IT to suppliers. 
Finally, this work proved to improve the process of inbound 
fax from 2 steps to 1step and improve the process of 
outbound fax from 3 steps to 1step. The indirect benefit of 
the proposed design was the new model of printer will have 
more security by smart card or key-code and employee 
could print from anywhere with the proposed printer. 
 

Keywords—cost reduction,  printing, model proposed 

1. Introduction 

In today all the organizations aim to find ways to 
reduce costs in the business, production or business 
processes.  

Reducing production cost can significantly improve 
performance and competitiveness for a manufacturer and it 
is a common action for manufacturer[1]-[2]. 

Reducing production costs were studied with 
information systems for decision making[3]. 

Therefore the studies are in the pooling principle to 
maximize the use of available resources[4].Like a car pool, 
you use one resource (one car) to do the same job that would 
otherwise require two resources (two cars).This reduces 
your cost to work but may also cause you some 
inconvenience. 

There are many studies on the improving new models 
of printers. The printers can communicate with each other. 
So a program has been developed to support these activities, 
to enable users to share printers efficiently[5]-[9]. Also 
some researchers study the pooling of human resources for 
the effective works[10], for instance “The studies on how to 
effectively reduce the cost of using the printer in the office 
to be lower cost” [11],[12]. 

The cost of printer is one of the items that considered to 
be the highest cost in the administration tasks. 

As a result, this study has been proposed a model to 
reduce cost in printing for the cost-effective in the 
university.  

  
 
 
 

2. Methodology 
The research methodology flowchart is shown in 
Figure 1, It can be divided into five steps: 
1) Survey and Interview 
2) Data Analysis 
3) Proposed Design 
4) Proposed Printer Layout  
5) Proposed Result 

 

 
Figure 1 Methodology flowchart. 

 
This five steps method involves survey/interview, 

data analysis, design, implementation, and result. 
 

Survey/Interview 
Explore the printers that are available in all areas of 

the university. Interview relevant users in each area to 
collect printer usage information. 
Data Analysis 

Analyze the collected data from each area of the 
university for the current cost of printing in each printer 
category in order to prepare for designing the suitable model 
in each area. 
Proposed Design 

Design and allocate suitable printers in each area 
by the condition on performance of printer must better than 
before and the cost must be lower than the current cost. 

 
Proposed Printer Layout 

Implement printer pooling as the proposed design 
by selecting the appropriated devices to serve their 
capabilities in each area. 

 
Proposed Result 

Calculate simulated expenses that will be incurred 
by using data from collection in each area. Calculate the 
simulated results that will occur with the current results in 
order to present the simulated results to the university 
administrators for acknowledgment. 
 
2.1 Survey/Interview 
 Researcher will survey & interview 150staffs 
obtained by a purposive sampling covering 5 Buildings at 
Krirk University. 

 
2.2Analysis 

Fact Finding 
After analyzing the issues, we have encountered 

major problems. In terms of the cost as the following. 
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1. The ratio of machines to employees was 1:1.13 as in 
Table I, which means the rates of the machines and the 
number of employees were in close proportion. Almost 
one machine per one employee considered cost 
management in the matter of the printer was ineffective. 
2. Most printers were older than 5.33 years as in Table 
II. Usually, machines over the age of 3 years tend to 
have maintenance problems and more expensive to 
maintain. 
3. There were 92 different models in 13 brands in use as 
in Table III, which make managing ink in each model 
problematic and oblige spare ink at a cost. That showed 
the inefficiency in the cost management. 
 

Table I Employee device ratio 
Employee Qty. 

Printer 
Employee Device Ratio 

150 persons 133 1.13 
Table II The asset age in Printers. 

 
Table III 13 Brands and 92 models of all printers. 

 
We classified 7 types of printers among 133 

printers as in Fig.2, which found that most printers ranking 
from one to three were Printer, All in One (AIO) and Fax.  

 

 
Figure 2 Category of printers 

 
We collected the data of the number of printed 

paper in each room of all 5 buildings at Krirk University and 
we assumed the cost calculation as the following. 

1.Waste paper about 2%  
2. The toner and the hardware cost based on a 

market price. 
3. The printers without paper recording and the 

toner recording assumed using 1 tank/18 month. 
4. An average paper price equal to 88 Baht/ream. 
5. The printers without the installation date, we use 

the launch date. 
6. All printers were 5 years of depreciation. 

 
Table IV The detail of Monthly cost per building & 
room 

Consumable Hardware S&M Total Paper Electricity Total
Building1 1 Graduation Evaluation 3 241 238 0 250 488 43 33 76 565
Building1 1 Registration 4 2,326 1,534 512 375 2,421 419 114 533 2,953
Building1 1 Office of Krirk University Library 3 900 980 0 125 1,105 162 65 227 1,332
Building1 1 Document/Book 7 122,225 9,982 9,982 9,982 29,945 22,001 472 22,473 52,418
Building1 2 Project Phd. 4 4,067 3,898 513 0 4,411 732 32 764 5,175
Building1 2 Administration 5 1,088 1,578 75 0 1,653 196 120 316 1,969
Building1 2 Accounting/Financial 1 444 467 0 0 467 80 30 110 577
Building1 2 Journal 1 19 27 0 0 27 3 14 17 44
Building1 2 Office of Education Quality Assurance 2 448 969 100 125 1,194 81 23 104 1,298
Building1 2 Office of Academic 1 267 280 0 125 405 48 16 64 469
Building1 3 Computer Laboratory 9 2,423 2,243 664 0 2,907 436 110 546 3,453
Building1 3 Lecturer Computer 2 1,167 914 0 250 1,164 210 61 271 1,435
Building1 3 Office of IT Center 3 410 435 0 125 560 74 37 111 671
Building1 3 IT Head Center 1 667 613 0 125 738 120 35 155 893
Building1 4 Office of Information Technology and Management 1 500 605 0 0 605 90 30 120 725
Building1 4 Lecturer Master Degree 1 500 658 0 125 783 90 9 99 882
Building2 4 Lecturer IT 1 33 83 0 0 83 6 14 20 103
Building2 1 Admission 2 214 136 0 125 261 39 41 79 341
Building2 2 Public Relations 3 442 2,993 432 125 3,550 79 32 112 3,662
Building2 3 Project  Political Communication College 3 267 210 0 0 210 48 30 78 287
Building2 4 Project Political Comunication Saturday/Sunday 7 2,573 2,813 108 125 3,045 463 83 546 3,592
Building2 5 Lecturer Art 3 438 1,428 0 0 1,428 79 24 103 1,531

Location Floor Room Unit TDV Total Cost
Indirect CostDirect Cost

 
 

Consumable Hardware S&M Total Paper Electricity Total
Building3 1 Cafeteria 1 152 521 0 0 521 27 14 41 562
Building3 2 Office of Management Project course 3 388 702 162 0 864 70 141 211 1,075
Building3 3 Office of Student Affairs 2 60 95 60 0 155 11 28 38 193
Building3 3 Office of Academic Affairs 7 2,805 2,677 760 125 3,562 505 80 585 4,147
Building3 3 Support Center/Service 1 60 107 0 0 107 11 14 25 131
Building3 4 Sport 3 120 200 0 0 200 22 28 49 249
Building4 2 Living 1 367 59 0 0 59 66 62 128 187
Building4 2 Admin 1 81 104 0 125 229 15 9 24 253
Building4 2 Dean of Communication Art 2 882 746 123 0 869 159 35 194 1,063
Building4 2 Head of Communication Art 1 183 180 265 0 445 33 14 47 492
Building4 3 Lecturer Art 5 1,949 1,895 0 0 1,895 351 154 505 2,400
Building4 3 Secretary Art 4 960 1,276 0 0 1,276 173 53 226 1,502
Building4 4 Lecturer Politics 2 458 450 0 0 450 83 95 178 628
Building4 4 Lecturer General/Chinese 4 593 613 0 0 613 107 137 244 857
Building5 1 Krirk University Language Institute 1 1,217 1,488 215 0 1,703 219 120 339 2,042
Building5 1 Lecturer 1 7 2 0 0 2 1 14 15 17
Building5 1 Research and Development Center 2 202 281 0 125 406 36 32 68 474
Building5 3 Director 4 1,952 2,549 0 125 2,674 351 55 406 3,080
Building5 4 Dean of Law 2 667 821 0 0 821 120 90 210 1,032
Building5 4 Lecturer law 2 741 685 0 125 810 133 9 143 953
Building5 4 Lecturer business 5 1,721 2,704 96 250 3,050 310 90 400 3,450
Building5 4 Lecturer Economics 3 286 208 0 125 333 51 130 182 514
Building5 4 Meeting Room 2 535 672 0 0 672 96 10 106 778
Building5 4 Lecturer Financial/Bank/Logistics 1 14 66 50 0 116 2 5 8 123
Building5 4 Lecturer Human Resource 1 770 511 0 125 636 139 20 159 795
Building5 4 Lecturer Marketing 2 333 327 0 125 452 60 9 70 521
Building5 4 Lecturer Accounting 3 427 459 72 125 655 77 64 141 797

133 159,586 53,480 14,187 13,357 81,024 28,726 2,938 31,664 112,688

Total Cost
Direct Cost Indirect Cost

Total

TDVUnitRoomFloorLocation

 
From table IV shows that the monthly document 

cost was about 112,688 Baht. The cost per employee was 
751 Baht/user/month. 
 The number of documents classified by the 
category of the printer as in Fig.3. 
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Figure 3 Classify total document volume by the printer 
categories. 

 From Fig.3 shows the most document volume of 
top 3 rank were the Copier, the Printer and the All in One 
(AIO). 

In addition, the total document volume (TDV) 
classified by color as in Fig. 4. 

 
Figure 4 Classified color of documents printing 

From Fig.4 we found that most of the cost of 
printings was in black and white (99%). The other cost was 
in color (1%). 

Then, a direct cost and an indirect cost could be 
distributed as in figure 5. The direct cost was 72% and the 
indirect cost was 28%. The direct cost included a hardware, 
a consumable product, and service & maintenance. The 
indirect cost consisted of the paper and an electricity. 

 
Figure 5 Direct Cost & Indirect Cost 

 
 

 
Figure 6 Classified Cost by Category 

The Cost could be allocated according to category. 
With the top 3  expenses were a consumable product cost 
(47%), a paper cost (25%) and a hardware cost (13%) as 
shown in Fig.6. 

 
Figure 7 The direct cost 81,024 Baht/month classified by 

printer category 
The direct expense was 81,024 baht per month 

according to the category of printer shown in Figure 7. The 
top3 were the printer (43%), the copier (38%) and the AIO 
(15%) respectively 

Therefore, when taking the direct expenses in 3 
major cost categories, namely, the hardware cost, the 

consumable product cost and the service & maintenance 
cost, they are shown as in Fig. 8, 9, and 10 respectively. 

 

 
Figure 8 Classified direct cost by Hardware cost 

 From Fig.8 showed that the cost of hardware for 
the top 3 were the copier(71%), the printer(19%) and the 

AIO(8%). 

 
Figure 9 Classified direct cost by the consumable product 

cost 
 From Fig.9 showed that the cost of the consumable 
product cost for the top 3 were the printer(54%),  the 
AIO(20%) and the copier(20%). 

 
Figure 10 Classified direct cost by service & maintenance 

cost 
From Fig.10 showed that the cost of service and 

maintenance for the top 2 were the copier(75%) and  the 
printer(25%). 

 

 
Figure 11 Classified the consumable product cost by the 

printer category 
 From Fig.11 showed that the cost of the 

consumable product. The top 3 were the printer (28,452 
Baht/month), the AIO (10,813 Baht/month) and the 
copier(10,798 Baht/month) respectively. 

Therefore, we can calculate the cost per page by 
TDV, direct cost and cost per in Table V 
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Table V Cost per page classified by printer category 

 
 From Table V, the cost per page was 0.45 Baht 
(BW: Black &White) and 6.09 Baht (Color). In case of 
without the copier, the cost per page was 1.19 Baht (BW) 
and 6.09 Baht (Color). All of the cost per page excluded the 
indirect cost but their cost was enough to calculate the 
fundamental cost per page. 
2.3 Proposed Design 
 Based on our finding, we proposed a design by 
condition as the following. 
1. Price per page (Market price) were 0.45 Baht (BW) and 4 
Baht (Color) after negotiating with suppliers. This price can 
reduce the cost of printing in the university. 
2. Reducing the resistance from employee, we will use the 
existing devices mixed with the new device and still cover 
all area as the beginning. 
3. Setup the printer policy and announce to all employee 
that if the existing devices could not print, then the 
employee need to use the printer pooling at the closest area 
without purchasing a new devices or a new toners. 
Table VI The existing & The new printer devices 

The current 
printer devices 

The new printer devices 

133 80 
 The current devices The new devices 
 40 40 

 From Table VI the proposed design would reduce 
the existing devices from 133 to 80 devices by using the 
current 40 devices and the new 40 printers.  We design the 
current and proposed devices in 5 buildings as the Table 
VII. 
Table VII The existing devices & proposed devices 
No
. 

Buildi
ng 

Floor The 
existing 

Printer 
Category 

Prop
osed 

Printer Category 

1 1 1 17 AIO=1, 
Printer=6, 

Copy-
print=4, 

Copier =4, 
Scanner=2 

13 AIO=1,MFP=2, 
Printer=2, Copy-

print=4, 
Copier=3, 
Scanner=1 

2 1 2 14 AIO=5, 
Printer=6, 

Fax=2, 
Scanner=1 

9 AIO=3, MFP=5, 
Printer=1 

3 1 3 15 AIO=8, 
MFP=1, 
Printer=6 

6 MFP=4, 
Printer=2 

4 1 4 3 MFP=2, 
Printer=1 

3 AIO=1, 
MFP=2 

5 2 1 2 Printer=1, 
Fax=1 

2 Printer=1, 
Fax=1 

6 2 2 3 AIO=1, 
Printer=1, 
Scanner=1 

2 MFP=1, AIO=1 

7 2 3 3 AIO=1, 
Printer=1, 

Fax=1 

3 AIO=1, 
Printer=1, 

Fax=1 
8 2 4 7 AIO=1, 

Printer=3, 
Fax=2, 

4 AIO=1, MFP=1, 
Printer=2 

Copier=1 
9 2 5 3 AIO=1, 

Printer=2 
3 AIO=1, 

Printer=2 
10 3 1 1 AIO=1 1 AIO=1 
11 3 2 3 AIO=1, 

Printer=1, 
Fax=1 

2 Printer=1, 
Fax=1 

12 3 3 10 AIO=4, 
Printer=4, 

Fax=2 

6 AIO=3, 
Printer=1, 

MFP=1, Fax=1 
13 3 4 3 AIO=3 2 AIO=2 
14 4 2 5 AIO=1, 

Printer=2, 
Fax=1, 

Copier=1 

5 AIO=1, 
Printer=2, 

Fax=1, 
Copier=1 

15 4 3 9 AIO=1, 
Printer=6, 

Fax=1, 
MFP=1 

3 Printer=1, 
MFP=1, Fax=1 

16 4 4 7 Printer=7 2 Printer=2 
17 5 1 4 AIO=2, 

Printer=1, 
Fax=1 

4 AIO=1, 
Printer=1, 

MFP=1, Fax=1 
18 5 3 4 AIO=2, 

Printer=1, 
Fax=1 

3 AIO=1, MFP=2 

19 5 4 21 AIO=6, 
Printer=11, 

MFP=3, 
Fax=1 

13 AIO=4, Printer=3, 
MFP=6 

 
 

Figure 12 The current Toner Replenishment process 
 

 
Figure 13 The new toner replenishment process 

 From Fig. 12 & 13, our new design can reduce 
process time of toner replenishment. 
 
Proposed Printer Layout 
 We used the printer of 2 model because their 
specifications have enough capability as the following. 
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1. Ricoh MP161SP for BW printing. 
2. Ricoh CL4000DN for BW and color printing. 
We will install the driver for all area and setup one server 
for control the printer networking. We can monitor all 
printers’ activity and we will use @remote application from 
Ricoh to implement. 

 a) The existing devices layout 

 
 

b) The new devices layout 
Figure 14 Devices layout implementation at 

building 1 floor 2 
From Fig. 14a and 14b display the one 

example devices layout implementation at 
building 1 floor 2. 
 
3.Proposed Result 
 In this section, The proposed result of this work 
shows in cost reduction in Fig.14. 
 

 
Figure 15 The cost of printing before and proposed 
 From Fig.15, the current cost of printing were 
classified in 3 items. 
Current cost 
1.The existing cost was 81,024 Baht/month 
2.The paper cost was 28,726 Baht/month 
3.The electricity cost was 2,938 Baht/month 
Total Cost was 112,688 Baht/month 
Proposed cost 
1.The existing cost will be 10,830 Baht/month 
2.The new devices cost will be 52,622 Baht/month 
3.The paper cost will be 25,853 Baht/month 
4.The electricity cost will be 2,023 Baht/month 
Total Cost will be  91,328 Baht/month 

The proposed result can reduce the cost 21,360 Baht/month 
or decreasing 19% per month. 
 
 
Current New Solution 

 

 

Figure 16 Inbound Fax Process 
 From Fig.16, reducing from 2 steps to only 1 step 
and in addition, reduce lost document, reduce printing cost 
and receive soft copy document. 
 

Current  New Solution 

 

 

Figure 17 Outbound Fax Process 
 From Fig.17   , reducing from 3 steps to only 1 
step. In addition, the printing cost reduction because no need 
to print document out, as a result, increasing user’s 
satisfaction because the speed of service is quicker. 

 
4.Conclusion/Future Research 

This proposed conceptual model for printer pooling 
adoption in Krirk University proved the proposed  3 aspects 
as the following. 

1.Reducing the cost of printing about 21,360 
Baht/month (Decreasing 19%)  

2. Improving the toner replenishment process from 7 
days to 0 day and toner replenishment task will be 
transferred to supplier.  

3. Improve performance of inbound & outbound fax per 
time as the following. 

 Inbound fax per time has improved from 2 
steps to 1 step. The performance of 
improvement is 50%. 

 Outbound fax per time has improved from 
3steps to 1 step. The performance of 
improvement is 67%. 

The indirect benefit of proposed design is the new 
model of printer will have more security by smart card or 
key-code and employee could print in anywhere with the 
proposed printer. 

Future Research: Implementing the printer pooling 
proposed and comparing the printer cost before and after 
implementation. Also comparing IT service level before and 
after implementation by survey users’ satisfaction. 
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Abstract—Most of the countries are now affected by COVID19, 
COVID-19 is now the name of the biggest problem in the world. 
Bangladesh is also affected by COVID-19. The whole country is 
facing this virus as the biggest problem. So try to analyze the data 
day by day to understand the situation. We also try to use some 
model, algorithm, logic, analysis to find the solution to this current 
situation. We are also using some machine learning algorithms to 
predict the future situation. Machine learning supervised are 
Linear Regression Model and k-nearest neighbors (KNN) 
Algorithms. There are different types of data sets and algorithms. 
We have tried to explain these well.  

Index Terms—COVID-19, Data Visualization, Supervised 
Algorithms, Regression Model, k-nearest neighbors (KNN) 
Algorithm, Prediction and analysis  

I. INTRODUCTION  

COVID-19 is now the name of the biggest panic. Nowadays 
on TV, newspaper, online, social media and every people think 
of this virus in their mouths and this virus makes people panic, 
why not, all the countries of the world become helpless today 
with this virus which name is COVID 19 caused by Nobel 
coronavirus. The whole world is stunned by this epidemic virus. 
The big countries are struggling today because of the 
coronavirus. The biggest force in the coronavirus is the human 
transmission. The most common symptoms of coronavirus are 
fever, tiredness, dry cough. But day after day the patient rushes 
to death. Attempts to make a vixen for it are still ongoing. 
Although its outbreak was seen later in Bangladesh, Bangladesh 
is in danger in a very bad way. Bangladesh is in the same way 
as the whole world has been infected by the virus. In 
Bangladesh, as in other countries, the economy, education, 
health, and many more sector are all affected. The whole of 
Bangladesh is now locked down. People are no longer able to 
get out of the house for fear of the virus. The government is 
trying to take effective measures as much as possible. But 
human negligence is a big risk because of this virus and because 
of human transmission, this virus is only a few moments away 
to take the form of an epidemic. Nobel coronavirus hit 
Bangladesh on March 7, 2020, First case was confirmed on this 
day. Due to people coming from abroad, viruses come to the 
country. They brought the virus from other countries to their 
bodies. If they maintain the rules of 14 days hope it would not 
have been so epidemic then. After the 18th of March, It is 
assumed that the local transmission starts after 11 days. Now 
over 14000 people are affected by the Nobel coronavirus and 

more than two hounded people died by the virus. It is increasing 
day by day.  

There are various ways in Bangladesh to get rid of this 
outbreak from all sectors. Artificial intelligence can be one of 
the most helpful in this situation. There is a lot of sector in AI 
(Artificial Intelligence) like big data, deep learning, machine 
leering, computer vision these can help in this situation a lot. 
The world tries to rid of this virus, everyone should try in his 
position as we try to like this in this epidemic situation. Inspired 
from these made a small attempt this time to fight against the 
coronavirus.  

There will be data analysis and try to predict the future 
condition of Bangladesh in the coronavirus and it can help to 
understand the people about this situation who are not taken this 
epidemic seriously. It can be analyzed and understand the future 
situation. There some part of our research work as data 
visualization, these learn from data hope our algorithms will 
give us a good prediction, description of these algorithms, 
implement these algorithms lastly and elaborate expectation  
Work, how it can be improved and our future work. 
  

II. BACKGROUND AND MOTIVATION  

Coronavirus has put powerful countries around the world at 
risk. If there is no awareness in Bangladesh too, the result could 
be very bad. Bangladesh has to face in a bad situation like other 
countries. The situation in Bangladesh is getting worse like 
other countries. The way a strong country works with the help 
of this Artificial Intelligence, everyone should also work to 
resist the lack. China, the first to be infected with the virus, has 
been able to reduce its epidemic with the help of artificial 
intelligence. With the help of Artificial Intelligence  
Big data, Prediction genome sequencing, make faster diagnoses, 
carry out scanner analyses or, more occasionally, handle 
maintenance and delivery robot these sectors help a lot in these 
situations. That's why most of the countries are develop and try 
to get help from Artificial intelligence. All over the world 
working with AI so that it can be helpful for this epidemic 
situation. The sector of artificial intelligence is a great tool 
during this epidemic. We have to fight with the coronavirus to 
keep pace with the times. Artificial intelligence is a great tool 
for us to fight in this situation, so we have to emphasize this.  

  978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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For our research work, there have seen a lot of research work, 
theory, news and information.COVID-19 is being worked on 
every intention." AI and control of the Covid-19 coronavirus" 
there is a lot of information they given how China works with 
AI, how we can fight the coronavirus with Artificial Intelligence 
[3]. Their main contribution was how Artificial Intelligence 
contributed to search for a cure, the contribution of AI this 
epidemic situation, observer and predictor of the evolution of 
the pandemic, assist healthcare personnel, tool for population 
control, and evaluation of its use in the aftermath of a crisis. 
These sectors can be a helpful epidemic in every situation.   

”Blockchain and AI-based Solutions to Combat Coronavirus 
(COVID-19) - like Epidemics: A Survey" this paper they used a 
blockchain and Artificial Intelligence to fight against the 
epidemic [4]. Blockchain detection of the detection outbreak, 
protecting user services, and outbreak tracking. On Other hand, 
Artificial intelligence provides a solution for symptoms and 
treatments. They also survey the latest research. So totally it's a 
combination of Blockchain and Artificial Intelligence.  

”Artificial Intelligence (AI) and Big Data for Coronavirus 
(COVID-19) Pandemic: A Survey on the State-of-the-Arts” [7]  
Who work with Big Data, epidemic outbreak, Artificial 
Intelligence, and Deep Learning? The main focus of the research 
paper was preventing severe effects. They also work with big 
data and Artificial Intelligence then they identify the fight 
against the Coronavirus and solutions.  

For research purpose need to understand some algorithms 
paper how they work, how they implement their algorithms 
because to work with these algorithms." Comparing K Nearest 
Neighbour and Linear Regression is there reason select one over 
the other” is one of them [8], though they are comparing these 
two algorithms they implement these algorithms in a very good 
way. They make an experiment performance of linear regression 
and K Nearest Neighbour. They worked on both balanced and 
unbalanced data set.   

”Suitability of KNN Regression in the Development of 
Interaction Based Software Fault Prediction Models” it is also a 
prediction model, they using prediction with the help of KNN 
(KNearest Neighbour) Regression [10]. They predicted the 
model Development research also. A combination of matrices 
improve their model and work significantly with data mining. 
They used the classification task in data mining. Accurate fault 
prediction is an indispensable step with their KNN (K-Nearest 
Neighbour) regression model.  

"Linear Regression Analysis Study" and "A study on Multiple 
Linear Regression" these two papers in the about regression 
model which are used in our research work. "Linear Regression 
Analysis Study" is about the statically procedure of find out 
dependent variable from independent variable [12]. They try to 
use the technique of modeling where the dependent variable 
predicts one or more independent variables. They also try to get 
the help of static's because it is based on the statics technique. 
They explain the basic concept of linear regression and also how 
can calculation SPSS and excel with the help of the regression 
model." A study on Multiple Linear Regression” is based on the 

relationship among variables and result relation. The main focus 
of their research work to know about the dependent variable and 
independent variable. They tried to make the relation of the 
dependent variable and independent variable. They worked with 
a multi linear model and analysis. They verified the data 
assumption with analysis.   

III. RESEARCH METHODOLOGY  

There is two part of our research methodology. These are 
Types of Data, Data visualization. The first section is to discuss 
the data. How to collect data, there are many types of data, 
discussion of these data, Data visualization is part to show the 
design of data. In this part, it is about to understand the total 
data. Trying research work makes clear so that it can be 
understood very well. Discussion about our total research work 
to make clear.  

A. Types of Data  
Data is the most important for research work. In this research 

work have worked with data. This research work is based on 
data. This research work contains various types of data. These 
data are collected from newspapers and online websites, every 
data is updating. Data is continuously adding day by day. Data 
is increasing day by day. Data collection will continue until this 
epidemic ends. Then research work will be able to analyze the 
total data. But now there are enough data to make predictions 
and to learn the machine. Data has been collected from many 
places. But some newspapers and websites have done a lot of 
help for data collection. In the case of newspapers, The Daily 
Star, a lot of data has been collected [15]. Data has been 
collected from Wikipedia and IEDCR (Institute of 
Epidemiology, Disease Control, and  
Research) websites [18]. Some websites have been created in 
Bangladesh for COVID-19, got help from those websites for 
data collection. There are two types of data. These are for Data 
visualization. Another part where the data had trained, used 
algorithm and it shows us prediction and accuracy.  

There are fifty categories of data set. It is containing huge data 
and it is increasing day by day. Data categories are the date, The 
number of days coronavirus has been in Bangladesh, total test 
cases, total death, total positive cases, total recovery cases, The 
number of people dying every day, The number of people 
positive cases every day, The number of people tests cases every 
day, The number of people recovery every day. Daily data is 
being selected according to date. There are some more data 
categories where all divisions have been selected in Bangladesh. 
Number of home quarantines by division, number of completed 
home quarantine cases, number of death cases in Division, 
number of male and female death cases, number of death 
according to age, total home quarantine cases, number of cases 
according to ages, daily percentage of male and female cases 
these are the categories of this research work. There are trained 
data and some data are for the test, train test method has been 
used. After training this data set, predict our values. Prediction 
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can be made in the condition of death, cases as anything to 
prediction. As data is increasing day by day so that train data 
test data are also increasing. So its accuracy and prediction will 
be better.  

  

Fig. 1. Process of Data Collection  

This is the total process of data collection, how the data was 
collected, and the method that is still using for increasing data 
collection. The whole process of data collection through graphs 
is going to be an idea.  

B. Applied Machine Learning algorithm  
Applied machine learning is a system of learning where we 

used for a specific problem. The relation between the data set 
and algorithms are used in the applied machine learning 
algorithm. For a specific problem solution with applied machine 
learning, need to fit the data and choose the correct algorithms 
to fit and solution for the algorithms. If failed to choose the 
algorithms or it was not fit for the solution then it will not show 
the correct solution for the problem. Applied algorithms have to 
be chosen for the work. Applied algorithms mostly use for the 
mapping of input and output knowledge.   

C. Data visualization  
This section is about visual data, find out the relationship of 

one data with another. Data visualization is graphical or pictorial 
from where the information can be understood. It helps any form 
of an innovative way of presenting large and complex 
information [20]. The virus is affected us day by day. How the 
virus is growing across the country. Day by day how people are 
leaning towards danger, the day there were some few cases but 
now the COVID-19 has reached epidemic proportions. People 
need to analyze so they can understand their direction. Death 
cases will visualize first.  

D. COVID-19 Cases  
At first, How COVID-19 total cases are increasing, how much  

COVID-19 cases are being tested every day, Day to day 
COVID19 test cases rate, how much COVID-19 is caught every 
day, increase and decrease of virus cases can see by the 
visualization. It is very useful to visualize this matter to 
visualize it. So at first the total test cases of COVID-19 will 

discuss because The most important thing to test for COVID19 
is that without testing you will not realize that people are 
infected with the virus, if someone death by affected of virus we 
can find out it by testing. At present, 48 labs in Bangladesh are 
tested for the virus. When someone thinks that he has been 
infected with the virus, he calls the emergency number and 
comes and takes the sample. He was tested to find out if the 
COVID-19 was positive or negative. Bangladesh is increasing 
the number of its lab to test COVID-19.   
 
 

  

Fig. 2. New Test Cases according to days  

  

Fig. 3. New Test Cases according to days  

In this direction, the discussion is about how many tests are 
done in our country every day. The more tests that are done, the 
better because it will let us know how much virus is spreading 
in the country. It will be better to give the effort to continue the 
test. The number of Tests is increasing day by day which is a 
good sign. .Analysis of last day, Cases of tested in Bangladesh 
is on the rise. It is hoped that this amount will continue to grow. 
Other countries are insisting on the test day by day.  

Total positive cases are being visualized here. How bad it is 
can see here. It grows very fast at night. After 30 days, it grows 
very bad. It grows in an upward direction. Look at the last 10 
days cases, its number is moving towards a serious epidemic. If 
it continues to grow in this way, the situation of Bangladesh will 
become like that of an affected European country. As another 
diagram, it shows are everyday positive cases of COVID19. 
How COVID-19 is growing has seen. Analysis of the last few 
days and it’s ratio is increasing. After 60 days, its number is 
increasing in a very bad way. The most positive one is caught in 



63

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

these few days. The amount of positive Cases does not decrease 
but increases.  

 

  

Fig. 4. Total Positive Cases according to days  

  

Fig. 5. Infected Positive Cases according to days  

E. Death Cases  
Visualization of COVID-19 Death Cases. At first, will see 

how Death cases grow day by day. After that visualize will be 
seen at the number of deaths in Dhaka Division. Male and 
female death cases will look for visualizing. Each death case is 
taken daily.  

  

Fig. 6. Total cases of Death  

This is the diagram of total death cases. You can just be 
increasing day by day. The situation can understand how fast 
COVID-19 death cases are on the rise. Looking at the day by 
day death cases, it is clear that the COVID-19 epidemic is 
getting worse.  

This is in the death cases diagram of Dhaka according to date. 
All division in Bangladesh can find out every death cases  

 

  

Fig. 7. Death cases of Dhaka  

Diagram. Death cases data of all the divisions are in the data set 
but Dhaka Death Cases is more so Dhaka division is showing. 
This is the Dhaka division where the highest number died in one 
day. By data, visualization can understand this. Although the 
number has decreased in the middle, now it is seen that the 
number of Death cases is increasing.  
 

  

Fig. 8. Death cases of Female  

  

Fig. 9. Death cases of Male  
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The number of male death cases every day by looking at male 
and female cases. Some days it has happened that there is no 
female death case but almost every day, the number of male 
death cases is increasing. It is also a matter of concern that 
along with the death cases in Male, female death cases are 
Almost at the same rate.  
 
F. Recovery Cases  

This is the most important data because the country needs to 
understand that situation is getting better and worse. Recovery 
cases are those that have been affected by the virus and they 
have recovered and returned to normal. Every country is 
fighting against the virus. Affected patients are being tested to 
recover in various ways. The more the method works, the more 
the patient is being treated. The world will know which vaccine 
and which medicine works best, recovery can find out to 
analysis. The medicine that is working best in the recovery case 
is the medicine that is taking the patient for the better. It is the 
medicine of the next patient. This research work can clear many 
aspects through Recovery case Analysis. For the recovery of 
virus patients in Bangladesh, like the rest of the world. Efforts 
are being made in Bangladesh to heal the affected people of 
Bangladesh.  

This is the graph of total recovery cases. After analysis, 
people can understand that recovery cases are increasing day by 
day. Here it is seen that the recovery case has suddenly 
increased. At first, the recovery cases were not known all over 
Bangladesh. Some lab of the capital city Dhaka was working on 
recovery cases. But now Recovery Cases are being upgraded 
and recovery cases are being collected through various labs in 
the country. Recovery Cases are being collected and analyzed 
all over Bangladesh.   

  

Fig. 10. Total cases of Recovery   

As the discussion is about recovery cases that the number of 
recovery cases is increasing day by day which is giving the 
expected results. The recovery cases are looking daily for better 
analysis. This will make it easier to understand.  

As analysis is seeing here that after 55 days the recovery 
Cases come out because recovery cases data has been collected 
from all over Bangladesh. At present, the number of recovery 

cases is increasing day by day as expected, as a result of which 
the country is seeing the light of hope.  

  

Fig. 11. Recovery  cases according to days  

EXPERIMENTAL RESULTS AND DISCUSSION:  

Data are collecting constantly and are making predictions with 
the help of data. There are two algorithms for prediction. These 
are linear models and regression algorithms. As a result, by 
making predictions understand can be made about the condition 
of COVID-19.algorithmic accuracy come up with to test to find 
out who’s making better predictions. This is the algorithm has 
used:  

1. Linear Regression  

2. KNN algorithm (k-Nearest Neighbors)  

Regression analysis is a statistical analysis where there is a 
relationship between the dependent and two or more 
independent variables. There are many more regression 
algorithms but the most common regression in linear regression. 
The use of linear models and linear regression is more common 
in regression analysis. Linear regression has also been done in 
that series. Linear regression depends on the variable and at the 
same time uses the many independent variables. Independent 
variables are changing day by day. As a  

Result, the prediction was able to update. So the independent 
variable is updating day by day. Form of equation of linear 
regression, then it will be y = MX + b is the basic linear 
regression equation Where, y= dependent variable m= slope b= 
intercept x= Independent variable  

There is a relation to the true underlying parameters b, m, and 
data points is a create linear model.  
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Table 1: Classification of Linear Regression  

Accuracy  98  

coef  -8.37539048e+01,1.64593200e- 
01,  
5.72713246e-01, 1.84456815e-03  

-4.51650622e+01, 4.07358921e- 
02,  
7.49409402e+01, 2.04531199e- 
02,  
2.11251502e+00, 6.94709988e03,  
5.19940817e-02, 7.57235023e-05,  
-2.46266926e-01, 1.83436442e-03  

intercept  1.19408154e+03,  
-3.49402157e+00,  
6.50109901e+02,  
-9.71838317e+02,  
-2.10490880e+01,  
1.30112113e-01,  
-5.64815874e-01  

A prediction analysis based on a linear regression algorithm. 
There is a prediction from 90 days, through linear regression get 
these predictions.  

Table 2: Prediction Result on 90 days  

Cases  Prediction Result  

Days  90  

Total test cases  400000  

Total Cases  60290  

Total Deaths  794  

Total Recovery  12930  

New test cases  13739  

New Cases  2925  

New Deaths  35  

New Recovery cases  690  

New Death cases of Dhaka  25  

  

By analyzing 70 days of data, understand what future position 
will be. The new cases are the positive COVID-19 prediction on 
the 90th days. New test cases, new deaths, new recovery cases, 
new death cases are the prediction of the 90th day of all 
individual cases. And total cases are the prediction of total 90th 
days analysis. This is a prediction got from the linear regression 
algorithm. The algorithm learned from the data of 70 days, there 

are train and test method to find out the accuracy and prediction. 
Where the machine can automatically train and test its own and 
give the prediction.  

KNN algorithm (k-Nearest Neighbors) is also a popular 
algorithm. KNN can use both classification and regression 
methods. The KNN regression model works well in the field of 
regression analysis and is used. So the KNN model was used 
and this algorithm works well. In KNN regression the output is 
trying to value the object. The KNN is the average value. It 
calculates the average numeric target of this algorithm. KNN 
regression and Classification has the same distance function.  

Table 3: Classifier Of KNN  

Accuracy  99  

coef  -9.92581997e+01, 1.70176759e- 
01, 2.94443056e-01, 1.94052634e- 

03,  
-4.62080615e+01, 4.13116146e- 
02,  
7.50054669e+01, 1.96511953e-02, 
2.03522008e+00, 6.73069614e-03,  
2.03522008e+00, 6.73069614e03,  
-1.09756824e+00, 1.89719860e03  

intercept  1.46373915e+03, 
1.36244356e+00,  
6.73540695e+02,  
-9.59386003e+02,  
-1.56905385e+01,  
2.79803914e-01,  
1.28583620e+01  

 

This is the prediction of 90 days of KNN ((k-Nearest 
Neighbors). This is the result of prediction by using KNN. This 
is the same prediction as to the linear regression prediction 
result.  

Table 4: Prediction Result on 90 days  

Cases  Prediction Result  

Days  90  

Total test cases  400000  

Total Cases  56351  

Total Deaths  763  

Total Recovery  11875  

New test cases  12602  
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New Cases  2559  

New Deaths  36  

New Recovery cases  520  

New Death cases of Dhaka  25  

 
Train and test method is used to train the data. All this data 

has been separated through the machine. After learning the 
data, It has automatically separated the train data and the test 
data. Dhaka City data have extracted it differently, so it came 
to the same prediction with Linear Regression and k-Nearest 
Neighbors. Its accuracy figured out its accuracy which will 
help us understand the functionality of the total model.  

  

Fig. 12. Accuracy of Algorithms  

There is a diagram of accuracy in which algorithms are used 
for research work. We used linear regression and the KNN 

algorithm, this is the diagram of the accuracy we found from 
these algorithms.   

IV. CONCLUSION AND FUTURE WORK:  

COVID-19 is the epidemic panic all over the world. We 
should work for it from where we are. All caution and all sectors 
we work to reduce its impact.AI is also most help the full sector 
in this pandemic situation. .As long as this virus stays in 
Bangladesh, research will continue. This project may be a better 
model in the future. This model can use with the help of this 
epidemic in different countries. This analysis process and model 
can be used in the future. Or the algorithm that is not giving 
good predictions, need to work on the algorithm so that the 
algorithm gives more good predictions. More models can try to 
create using algorithms. We always work on learning from the 
past. Therefore, all the work of COVID-19 will be useful for our 
future. The work will work for us in the future as it will work 
for us now. Believe that this research work, analysis, and 
prediction model will help this epidemic situation.  
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Abstract—This paper provides the capability of the 
direction of arrival (DOA) identification to determine 
which the estimated DOA belongs to the desired signal 
and to undesired signals. One of the well known 
subspace-based methods for finding directions is 
MUSIC (MUltiple Signal Classification). The separation 
of signal and noise subspaces is the crucial step to give 
the precise estimation. The skewness coefficient is 
proposed to reinforce the conventional MUSIC method 
for the subspace division without knowing the number 
of source signals. The normalized least mean square 
(NLMS) beamforming is used to compute the weight 
vector so that it directs the mainbeam towards the 
desired user. The angle of the mainbeam is identified to 
be the DOA of the desired signal which makes the rest 
estimated DOAs belong to interference signals. The 
application of the DOA identification is shown to be 
advantageous to the null broadening beamforming. The 
simulation results confirm the effectiveness of the 
proposed method in the case of limited snapshots.        

Keywords-adaptive beamforming; DOA estimation; 
DOA identification; null broadening beamforming 

I.  INTRODUCTION 

Direction of Arrival (DOA) estimation is an 
important issue in enhancing the quality of reception 
in wireless communication systems. Estimating the 
directions of signals impinging on the antenna array 
can accept signals from a certain direction, while 
rejecting signals that are declared as interferences. The 
importance of DOA estimation is not limited to 
communications. It can be utilized for target 
localization and tracking in radar system for 
commercial as well as for military applications.  

DOA estimation can be performed using either 
parametric approaches or spectral approaches. 
Searching the values of the parameters related to the 
DOA such as maximum likelihood method [1] is the 
concept of the parametric approaches. The technique 
of the spectral approaches is to make the locations of 
sources appear in a spectral form. Spectral estimation 
techniques are subdivided into the non-parametric and 
subspace-based algorithms. Non-parametric 
algorithms include Capon method [1] whereas under 
subspace-based algorithm, MUSIC method [1, 2] has 
a better resolution. Capon methods failed mostly in 
cases when the sources are closely located or the 
incoming signals are highly correlated. However, such 

drawbacks can be solved by the MUSIC algorithm 
with spatial smoothing preprocessing. 

  There are some factors affecting the estimation 
results like number of array elements, number of 
snapshots, signal to noise ratio (SNR) and coherence 
of the signal source and closely spaced sources. 
Especially for super-resolution DOA estimation 
methods such as MUSIC, it requires to know the 
number of signals for dividing the signal and noise 
subspaces. However, in low SNR and low sample 
scenario, difficulties arise in the division. Akaiake 
Information Criterion (AIC) and Minimum 
Description Length (MDL) [3], are effective methods 
to estimate the number of signal sources which is the 
point at AIC or MDL minimum. This is an extremely 
computationally intensive process due to a search 
procedure requirement. 

 Various methods were proposed to enhance the 
DOA estimation in the case of unknown number of 
signal sources. In [4], it needs two steps: an algorithm 
using the linear prediction or Pisarenko methods in 
conjunction with adaptive signal parameter estimation 
and classification technique (ASPECT). After 
removing spurious peaks, the DOA estimation and the 
number of signals sources can be determined at the 
same time. According to the results, the probability of 
resolution is zero which is sensible to SNR below 10 
dB. Similarly to [4], the change becomes using 
alternating projection and weighted subspace fitting in 
conjunction with ASPECT [5]. The probability of 
resolution for correlated signal is enhanced. An 
algorithm based on particle swarm optimization is 
proposed in [6] to minimize the fitness function for 
DOA estimation without knowing the number of 
signal sources.  The solution of the unconstrained 
optimization required a recursive algorithm. In [7], a 
new optimization problem is proposed which is 
independent on subspace decomposition so that the 
number of sources is not required. Instead, the 
solution requirement is to know the look direction and 
the array correlation matrix. 

Many attempts have been made on DOA 
estimation without identifying which directions 
belong to the desired signal and interference signals. 
Additionally, various beamforming algorithms require 
the prior knowledge of the directions of the sources. 
This requirement is mostly done by assumption. None 
of researches has been conducted for DOA 
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identification. In this paper, a procedure to identify 
which signal the estimated DOA belongs to is 
presented.  It begins by using MUSIC method for 
DOA estimation. To generate the noise subspace, the 
skewness coefficients are applied to augment MUSIC 
algorithm. The normalized least mean square (NLMS) 
beamforming is adaptive to identify the DOA of the 
desired signal. Once the DOA of the desired signal is 
decided, the rest estimated DOA is definitely belongs 
to interference signals. To illustrate the use of DOA 
identification, null broadening beamformers are 
applicative.  

The paper is organized as follows. Section II 
introduces the signal model. In section III, MUSIC 
method is explained. Section IV provides the 
normalized least mean square beamforming. Benefit 
of DOA identification to null broadening 
beamformers is highlighted in section V which 
consists of the covariance matrix taper (CMT) and 
projection and diagonal loading (PDL) approaches. 
Section VI presents the simulation results to validate 
the effectiveness of the proposed technique. The 
concluding remarks are given in section VII.    

II. SIGNAL MODEL  

In cellular system, a base station (BS) mounted 
with an antenna array serves to multiple single-
antenna mobile stations (MS) as shown in Fig. 1.  
Since the intra-cell users (red line) are allocated to 
difference channel resources, therefore they do not 
interfere to each other. Due to the frequency reuse, 
the inter-cell users located at nearby cells can 
interfere to the considered BS (blue line). Let the 
intra-cell user and the inter-cell users considered as 
the desired signal  and interference signal , 
respectively. Consequently, the uplink signal arriving 
to the BS consists of the desired signal and 
interference signals under an additive zero-mean 
white Gaussian noise. Note that a narrowband 
propagation model is used, i.e., the signal envelopes 
do not change from one antenna element to another. 
In the far field, the received signal at time  by an 

-elements uniform linear array (ULA) as depicted 
in Fig. 2 is modeled as [8, 9] 

             (1) 

where  in the presence of the Gaussian 

noise . The vectors  and  
represent the steering vectors of the desired signal 
related to the DOA  and of the interference signal 

related to the DOA , respectively. The 
steering vector as a function of DOA  is denoted as 

 where 

 ,  is the distance between the 
elements and is the wavelength. The superscript 

denotes transposition. Eq. (1) can be rewritten as 

  (2) 

where  is a source 

vector and  is a 

steering matrix of the angle set . 
Note that the available degrees of freedom are 
generally one less than the number of sensors, i.e., 

. 

 

Figure 1.  Cellular system scenario with the desired signal (red 
line)  as the intra-cell user and interference signals as the inter-cell 
users (blue lines)  

 
Figure 2.  A ULA of antenna elements receiving  
directional sources and a generic diagram of an adaptive 
beamforming 

The covariance matrix of the received signal can 
be defined as 

   (3) 

where  denotes the expectation and the 
superscript denotes conjugate transposition. The 
source signals are uncorrelated and the noise process 
is independent of the source signals. The noise is 
assumed to be temporally and spatially uncorrelated 
and independent. Substituting Eq. (2) into Eq. (3), 
then Eq. (3) becomes  

  (4) 

where  is an  source 

covariance matrix, is the noise power and  is an  
identity matrix of dimension. In practice, the 
covariance matrix is unknown. The sample 
covariance matrix is used instead when there are  
snapshots as 

.   (5) 
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Denoting  as the weight vector, the 
output of an adaptive beamformer can be written as 

 .   (6) 

The aim is to produce the output signal  

approximate the desired signal  as shown in 
Fig. 2. 

III. MUSIC ALGORITHM AUGMENTED WITH 

SKEWNESS COEFFICIENT 

MUtiple SIgnal Classification (MUSIC) method is 
a subspace-based approach for DOA estimation. 
According to Eq. (1), the received signal is separable 
to the signal and noise subspace. The separation is 
done by eigen-decomposition of the sample 
covariance matrix as 

.  (7) 

The eigenvalues  have the following relation:  

. Eigenvalue  

corresponds to the eigenvector . The noise 
subspace can be constructed by 

. The number of 

columns of is equal to with each 
column being the eigenvectors corresponding to the 

 smallest eigenvalues. Once the noise 
subspace is determined, a search for directions is 
made by looking for the steering vectors that are 
orthogonal to the noise subspace. It leads to the 
MUSIC spatial spectrum given as 

 . (8) 

After searching the largest peaks of over all 
, the DOA estimates are the points where 

take the peaks.  

To separate the signal and noise subspace properly, 
the priori information of the number of signal sources 
is needed. One way of distinguishing between the 
signal and noise eigenvalues is to determine the 
number of small eigenvalues that are equal. Since the 
sample covariance matrix of the received signal is 
formed using finite samples in practice, the smallest 
eigenvalues are not exactly equal. Note that when the 
number of snapshots is limited in Eq. (5), the 
performance of the subspace-based DOA estimation 
method such as MUSIC deteriorates due to the 
distortion of noise subspace. On the other word, the 
error of covariance matrix induced by a few 

snapshots can cause the DOA estimation bias.  

Without knowing the number of sources, in this 
paper, the skewness coefficient of eigenvalues for 
selecting the number of eigenvectors   is proposed to 
determine the noise subspace and support the case 
of limited snapshots. The skewness coefficient for 

each eigenvalue  for  simulation can be 
calculated by [10] 

 (9) 

where  is the  observation for the  

eigenvalue and . If , 

, is the maximum, then select 

.  The procedure of MUSIC method 
involving the skewness coefficients can be 
summarized as follows: 

1. Calculate the sample covariance matrix Eq. 
(5) and find its eigen-decomposition Eq. (7). 

2. Simulate the received signals times and 
calculate the skewness coefficient Eq. (9) for 
each eigenvalue to select the optimum value 
of .   

3. Construct the noise subspace  spanned by 
the eigenvectors corresponding to the  
smallest eigenvalues.  

4. Plot the MUSIC spatial spectrum Eq. (8). 
5. Search the positions of the large peaks as the 

estimated signal directions. 

IV. NORMALIZED LEAST MEAN SQUARE 

BEAMFORMING 

For the time-varying signal propagation 
environment, an adaptive algorithm is needed to track 
a moving MS. Fig. 2 shows a generic diagram of an 
adaptive beamforming. The received signal vector 

 and the error signal  are fed into an 
adaptive algorithm which controls the weight vector 
according to some criteria for termination. The output 
signal is substracted from an available reference signal 

 to generate an error signal as . 
The mean squared error (MSE) for a given is given 
as [11, 12] 

where  is the  cross correlation 
vector between the received signal vector and the 
complex conjugate of the reference signal and 

is the power of the reference signal. 

By the gradient vector of Eq. (10) with respective to 
complex conjugate of , the optimum solution is the 
well known Wiener-Hoff equation as 
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  (11.2) 

         (11.3) 

where denotes the inverse operation. From Eq. 

(11), a priori knowledge of and and the 
computation of inversion are needed. This requires 
high computation especially in cases involving real-
time processing, massive array and nonstationary 
scenario. Therefore, to overcome these difficulties, 
some adaptive methodology is introduced such as 
least mean square (LMS) algorithm based on the 
steepest-descent method. The recursive relation for 
updating the weight vector is 

        (12) 

where the gradient vector of  with respect 

to the complex conjugate of is 

. (13) 

Replacing and by the instantaneous estimates 

given as  and  into Eq. 
(13), the LMS algorithm is given as 

 (14) 

where  is a scalar constant which controls the rate 
of convergence.  Since only the received signal vector 
present in Eq. (14), the computational complexity is 
reduced. In addition, employing the LMS algorithm 
requires a reference signal which can be generated in a 
number of ways depending on the applications. In 
digital mobile communications, the intra-cell user 
transmits a predefined training sequence known to the 
BS as a reference signal.  

A normalized version of the LMS algorithm is the 
change of the update rule by substituting the step-size 

constant in Eq. (14) as  . This time-

varying step size gives a faster convergence. Thus, the 
normalized LMS (NLMS) update rule is obtained as 

 .  (15) 

Adding a regularization term  is to prevent divisions 
by very small value. After convergence of the weight 
vector , calculate the array pattern given as 

  . (16) 

where is the average power of the response that 

has the maximum gain from the direction .  As a 

result, we can use the NLMS beamformer to identify 
which the DOA estimate belongs to the desired signal 
and the remaining DOAs belong to undesired signals. 
This DOA identification could be benefit to some 
beamforming approaches.   

V. APPLICATION OF DOA IDENTIFICATION TO 

NULL BROADENING BEAMFORMING 

When an angular spread exists around the DOA of 
interference signals due to multipath propagation or 
rapidly motion, the interference cancellation 
performance by using the traditional beamformers can 
severely degraded as the output SINR (signal to 
interference plus noise ratio) might be low. It is then 
desired to create a suppressed angular sector in the 
beampattern. Forming broad nulls at the DOA of 
interferences is an effective means to reject the 
interference signal not only from a specific direction 
but also from a specific spatial region. As a result, null 
broadening allows interference signals move in a 
certain area. Several null widening techniques have 
been proposed in literature. Based on matrix tapers 
[13], a covariance matrix taper (CMT) and the 
projection and diagonal loading (PDL) are used to 
demonstrate the application of the proposed DOA 
identification.    

A. The CMT Approach 
The tapered sample covariance matrix can 

be determined by the Hadamard product  between 
the sample covariance matrix  and the taper  
matrix  as 

.   (17) 

The element of  row and column of is given 
as 

  (18) 

where  denotes the width of the nulls. Nulls can be 
broaded by using the optimal weight vector of the 
minimum variance distortion response (MVDR) 
beamformer as [13] 

.   (19) 

To avoid calculation of the matrix inversion in Eq. 
(19), the iteration version of MVDR beamforming is 
presented. The weight adjustment is updated as [8, 14] 

.  (20) 

The constant  is set to  where 

`and are the minimum and maximum 

eigenvalues of , respectively.   

In CMT approach, it only requires the prior 
information of  without knowing . Then, the 

good performance depends on accurately known the 
steering vector of the desired signal, . Although 

the computational complexity is very low, the null 
depth of the CMT is shallow.  
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B. The PDL Approach 
To increase the null depth, the CMT and 

projection are combined. For PDL approach, prior 
knowledge of  is needed besides . It begins with 
constructing the correlation matrix of interference 
signals as  

.    (21) 

Taper the correlation matrix of interference signals as 

.    (22) 

Eigen-decompose yields 

.   (23) 

By using eigenvectors belonging to  largest 
eigenvalues, the projection matrix is constructed as 

.   (24) 

Project onto the sample covariance matrix as 

.   (25) 

Like Eq. (19), the optimal weight vector for the PDL 
approach is expressed as [13] 

.   (26) 

Like Eq. (20), the weight vector is updated as [8, 14] 

      .  (27) 

VI. SIMULATION RESULTS 

A 12-element ULA is used and inter element 
spacing of is created. Two interference 

signals are from directions of and 

. Assume the width of broad null is set to 

. The DOA of the desired signal is taken at 

. All signal sources have the same power in 
the additive white complex Guassian noise with zero 
mean. The input SNR is considered to be 0 dB while 
the INR (interference and noise ratio) is set to 3 dB. 
The number of snapshot is limited to  in order 
to demonstrate the low sample support. 

 Figure 3 illustrates the result of for 

. Each skew coefficient is the average for 
1000 simulations. It indicates that  is 
maximum, then . This enables us to construct 
the noise subspace  spanned by the eigenvectors 
corresponding to the nine smallest eigenvalues. Once 
the noise subspace is obtained, the DOA estimate is 
done via the MUSIC spatial spectrum. According to 
Fig. 4, the DOA estimate is precise where three 
distinct peaks are located at exactly the 
DOAs of the source signals. Since there is no 

mechanism embedded in the MUSIC algorithm to 
identify which DOA belongs to the desired signal. In 
this paper, the NLMS beamforming is used to form 
the main beam at the desired signal direction. Due to 
the weight adjustment in Eq. (14) depending on the 
received signal vector, the number of iterations is 
equal to the number of snapshots. The constant is 
taken to . In Fig. 5, the array pattern places the 
main beam at . Therefore, DOA identification is 
achieved by setting the angle belongs to the desired 
signal DOA and certainly, the remaining angles at 

belongs to the interference signal DOAs.  

The benefit of this DOA identification is shown by 
applying to two types of null broadening 
beamformers: the CMT approach and the PDL 
approach. Without iteration using Eqs (19) and (26), 
the mainbeams are deformed and high rising sidelobes 
occur as shown in Fig. 6.  As mentioned previously, 
the null depth of the PDL approach (red) is deeper that 
the CMT approach (blue). The array pattern of the 
PDL approach widens the two nulls from  to 

 and from  to  corresponding to . 
The results of the iterative null broadening 
beamforming using Eqs (20) and (27) are shown in 
Fig. 7. The PDL approach (red) not only has accurate 
null positions but also has good performance on the 
mainbeam and low sidelobes. For CMT approach, the 
use of iterative beamforming gives the array pattern 
similar to the result of without the weight adjustment. 

 

Figure 3.  Skewness coefficients 

 

Figure 4.  MUSIC spatial spectrum 
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Figure 5.  NLMS beamforming 

 

Figure 6.  Null broadening beamforming 

 

Figure 7.  Iterative null broadening beamforming 

VII. CONCLUSIONS 

The DOA information is normally assumed to be 
known for several applications. Thereby, the DOA 
estimation and identification is proposed by using the 
MUSIC method and NLMS adaptive beamforming. 
The MUSIC algorithm is used to estimate DOAs. 
Unlike the conventional MUSIC procedure, the 

skewness coefficients are dedicated to determine the 
dimension of the noise subspace with unknown the 
number of signal sources. The use of NLMS 
beamforming can converge to form the mainbeam at 
the desired user direction. This enables us to identify 
the DOA of the interference signals. Two types of null 
broadening MVDR beamformings which their 
computation requires to know which signal the DOA 
belongs to are shown as the application of this 
proposed DOA identification.       
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      Abstract — Neural Machine Translation is a dominant 
sequence of text summary representations addressing neural 
summarization throughout the functionality of original code 
summarization. Transformer articulated an attention 
mechanism in which encoder decoders frequently modeling 
over language pairs between source of input sequences to 
longest n-grams dependencies. MT tends to learn sequence-to-
sequence patterns that have an effective outperform of 
learning code representation. By this simple mechanism inflict 
a self-attention architecture where it concatenate with Multiple 
heads of word vectors to accept their Long-range 
paraphrasing. Encoding layer profound with LSTM network 
and decoding layer also consist of the same layer with an 
opponent function while it paraphrases the code token by 
positional encoding then the model generates a superior 
performance of text summarization. Due to the study of 
abstractive summarization we process text in Bangla input 
from valuable sources after training the model the pair of 
Bangla text-to-Bangla summary visualize a momentous margin 
that will also employs next future work.  
 
     Index terms — MT, Bangla-to-Bangla, NMT, Transformer, 
Abstractive Text summarization, LSTM. 

I. INTRODUCTION  
The text of summarization meaning in which the 
transformation process is conversion of languages that has 
come on account of the endeavours of Neural Networks. 
20th century neural networks introduced by deep neural 
networks as a subfield [1] that has a power of transfer 
languages in Machine translation. Henceforth, MT generates 
sequence-to-sequence [2] approach with NMT model. 
Recently this study underwent state-of-the-art performance 
expansion [3]. The concept of statistical Machine translation 
how fixed the effective output had formerly been discussed 
in few research but now NMT generate an text 
summarization based approach according to the lack of 
complete pipeline in large volume of documents. Loss of the 
translation quality is the SMT boundaries where MT 
community guide the NMT model. 
Due to the attention mechanism analysis of sentence 
structure into token of words has been possible with NMT 
where networks build two LSTM encoder and decoder 
networks. Typically, LSTM encoder and decoder formulate 

a contrastive pattern delivered a model in which encoder 
processes input source in Bangla sentences and another one 
decoder decodes the prediction of vector receiving token 
words to generate Bengali language summary which is our 
output. Without loss of transformation quality Natural 
language processing produces privilege in abstractive 
summarization of different languages that consist of core 
architecture modulated with RNN also encoding happens by 
the Convolutional Neural Network (CNN).  
NMT [4] has the flexibility to train corpus into vector output 
in an end-to-end process that translates the longest sequence 
from input in Bangla language. Language translation models 
familiar with the couple of encoder decoder layers by the 
NMT where it generates chain system output using 
statistical reorder of the sentences and each word translation 
connects to the next word that is concentrated with NMT 
sentence based translation. According to this approach, it 
gives assurance of maximum translation where it builds by 
the single neural network of machine translation [5]-[7]. 
NMT leads faster than SMT to define translation models 
where there is no need for other different model existence in 
the phrase based translation language.  
Typically, longer sentences are difficult to transfer into the 
context of fixed vectors nevertheless NMT drives the State-
of-the-art representation very effectively in different 
language pairs. According to the study of review we have 
found some limitations about long sentences [4] where 
encoding and decoding with attention is needed also we take 
initiative to do it for Bangla sentences. In literature 
Attention mechanisms help to translate in which model 
jointly learns for Bangla-English, English-Bangla [8] 
English-Germany [9], English-French [10] and so many 
pairs that have shown a different flow of attention 
mechanism [29], [28]. NMT [28], [24], [25] has developed 
the community couple with self-attention [24] and multi 
head attention based in order to simulate the length of word 
connectivity. 
This is a sequence-to-sequence [11] text summarization 
learning process by NMT in which the machine reduces the 
words by generating a summary from available document 
type data in Bangla language. For long range dependencies 
NMT [12] [13] approaches conduct with an experiment and 
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evaluates the Bangla sentences document to summary 
document. 

 The demonstration of abstractive summarization based 
on NMT is as follows. Section II, that shows the relevant 
work of MT regarding Bangla and other different languages 
also brief discussion over NMT based on other studies. In 
Section III that we discuss our experimental methodology in 
order to section IV is the most expected result and the 
discussion part shows the output. In Section V lastly we 
conclude the study of our language translation process. 

II. LITERATURE REVIEW  

 
The text summarization with MT exploration along with 
languages conversion was represented in 1991 [14]. Until 
now Bangla-English language and other language pairs have 
been getting much seeking attention. MT started when 
research got placed using rule based approaches existing 
with predefined rules for Bangla-English language to check 
grammar [15], or structural sentence statement using flow of 
rule based model over training [16], [17]. Apart from that 
MT also successfully SMT approaches covered by text 
sentences to word or phrasal models in Bangla-English text 
summarization approach [18].  
In [19], the authors developed an abstractive summarization 
in sequence-to-sequence rule set as a pre-trained transformer 
with a single encoder or decoder on daily mail dataset. With 
pre-trained BERT/bidirectional or attention mechanism 
compare impressive result between pre-trained transformer 
LM and non pre-trained transformer LM summarizing the 
3000 texts where transformer LM score 13.1 ROUGE2 and 
pre-trained encoder-decoder models score 2.3 ROUGE-2.  
In [20], the authors proposed multi document text 
summarization architecture on WikiSum dataset by the 
transformer solution which is conveyed with a flat 
transformer for summarizing 3000 sentences into token. In 
summary, quality rating represented the help of AMT to 
generate a hierarchical transformer proposed paragraph 
position (PP), Multi-head pooling(MP), Global transformer 
layer (GT). In [21], the author introduced a sequence-to-
sequence NMT which is visualization attention based text 
summarization by the transforming token using GPT-2 tool 
and BERT model. In [22], the authors made an abstractive 
text summarization method that got optimum results from 
constructed two side contrastive attention mechanisms on 
Chinese-English language with effective transformer 
baseline. In [23], the authors declined abstract 
summarization on the basis of 4 types of documents by 
the TLM using LSTM seq2seq propagation in which 
ROUGH reported at 0.24 reached with 95% confidence. In 
[24], other authors reported a NMT with self-attention 
transformer depending on the multiple language German-
English pairs from which BLEU score is 3 point using fixed 
encoding decoding pattern.  
Jinpeng et al [25] proposed Multi-head attention with the 
seq2seq model for automatic summarization which 
considers the previous words when creating new words to 
avoid unnecessary word repetition. Song Xu et al [26] 
employed a transformer base an assistive system over the  
mechanism of Abstractive summarization where the 
importance of each sound source is identified using a Self-

Attention layer. By calculating the score of each source 
word they add it to the module. The Multi-Attention 
learning framework is proposed to summarize neural 
networks and return estimates to direct observation where 
the weight of attention is considered as the solvent 
information [27]. In [28], the authors proposed Transformer 
based Attention Mechanism, which the score of the state-of-
art BLEU is 28.4 for English to German translation and for 
English to French is 41.0. Minh-Thang et al [29] research 
the global approach of attention mechanism that always 
attends the source word and local attention [28] that acts as 
a subset of the source word where the BLEU point is 5.0 
over non-attentional systems. The authors report the current 
state-of-art attention architecture of WMT’15 English to 
German languages, in which the BLEU point is 25.9 and the 
improved BLEU point is 1.0 backed by NMT & n-gram 
ranker.  
In [30], the authors propose a probabilistic and optimization 
view of the attention mechanism and assert both upper-
lower and/or doubly-normalized attention mechanisms. 
Fredrik et al [31] has shown that the Transformer model 
performs very well in the RNN based attention model which 
is related to machine translation and also compares it with 
LSTM-based encoder decoder with attention on abstractive 
summarization. Puruso Muhammad et al [32] focused on 
abstractive text summarization based on local attention (i.e. 
subset of input terms) which give higher ROUGE-2 in 
LSTM model. In [33], the authors report on how to advance 
the state of art by improving the neural source code by 
shortening it. The abstracts of the term were used in the 
context of the file of the subroutines in the study with the 
help of the Attention mechanism system.  

 

III. EXPERIMENTAL METHODOLOGY 
 

In the recent trend Transformer has a large community 
addressing with encoder decoder that has transformed a self-
attention mechanism [28]. Self-attention generates longer 
sequence translation where input Bangla text to decode the 
text summarization. NMT requires a necessary path to 
process data onto a transfer model sequence that shows the 
below needs of the architecture over maximizing the longest 
match sequence.  
A.  Training Parameters Preprocessing 
      Data preprocessing can transmute raw data into obligate 
and efficient formats. Some steps are followed to pre-process 
datasets. We first used construction in the description of the 
summary and text. Excluding constructions, full form has 
been used. After cleaning the construction, cleaned the texts, 
that is, deleted the unwanted characters [34], encoded in 
appropriate format, tokenized [35], PAD sequence and 
removed the stop word. Removed redundant components 
from the texts using regular expression. 

B. NMT Architectures 
1) Hierarchical seq2seq Learning: 
  

     NMT occurs to outperform response by the transformer 
when it modulates the attention network in which 
contextually processes sequence-to-sequence of sentences 
[4] [15] [41]. According to the attention procedure encoder 
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encoded with the original sentence and the attention model 
of the right portion decoder decodes the sentence with an 
expected output which is known as target output. In order to 
the encoder maintain sequence by the layer where the 
hidden vector produces a multi head of word. This 
summarization approach connected as our previous work is 
Bengali text abstractive summarization in order to Bengali 
text converted into Bengali summarization through the RNN 
model for encoding and bidirectional LSTM model for 
decoding (Abu Kaiser Mohammad Masum, 2019). To the 
best of study we focused the Bengali text for better 
enhancement on behalf of applied with transformer model to 
get maximum length from the previous work.  
      
      2)Transformer–Self Attention based Network 
 
      Self-attention based neural network transformer defined 
with a model by encoding decoding with Layer. Each layer 
model trains position wise feed-forward neural network for 
joint the input vector and jumps into the next two word 
vector. According to the sequence labeling that has no 
fitting with CNN and LSTM networks in RNNs fitted for 
the sequence such as sequence mapping, modeling and 
speech identification but not fitted for the longest sequence 
any time RNN deteriorates the translation quality. Above all 
difficulties for parallelization [15] [36] are solved in one 
way using a transformer where feed-forward network 
elaborate position wise. Figure-1 the transformer method 
conducting a self-attention network in which contains 6 
numbers of encoders and decoders. Particularly encoder set 
up with two sub layers of Multi head Attention for mapping 
the word head by the attention of Softmax function [15], 
[20]. 

 
Figure_1: NMT Transformer model self-attention longest 

sequence referred as Vaswani et al. [28] 
 

      Self-Attention : Self-attention level counts as a first 
appearance of the encoder input, at the same time it focuses 
on the other word of the sequence although it defines only 

processes of fixed words. Moreover to search for 
information that modelling by Multi-head attention level 
which information is related to input sequence. Added with 
each input word is received such as vector of size 512 
accordingly first self-attention layer. Generally, such the 
vectors of the input word are called " word embedding ". In 
order to scale dot-product having the capability of faster and 
space sequence  as well as "Additive Attention" efficiency 
too [28] [35] [20]. Throughout the transformer model 
attracting for the self-attention. Nevertheless, "additive 
attention" makes the outperforms over the point-product 
attention on behalf of  scaling subtraction to any longer 
sequences [28] [35]. Long- distance dependencies learn 
easily through the self focus level that surpass other existing 
models. 
      Multi-Head Attention : Multi-head attention have used 
to 8 parallel attention levels or heads that we used to train 
our model. Multi-head attention allows the model to 
participate collectively from sub-spaces of different 
delegations based on different residences [28]. In place of 
focusing on a single dimension that the transformer level 
inflicts attention to every noise emerging on which type of 
source of sequence existency [35] [20].  
      Position-wise Feed-Forward Networks : In attention 
mechanism model each layer mapping with different layers 
where the encoding layer fully relates to the feed-forward 
network with the opponent connected by the decoder. Feed-
Forward Networks [15] [20] consists of a deeper 
transformation with Relu activation function where it carries 
the transformation to the next sub words. In Figure-2 Feed-
Forward Networks reproduce the maximum weight between 
the two add and norm sublayers and this network continues 
by the each sub layers with new identification. In a sense 
Position-wise feed forward produces the maximum match of 
a word from the source of Bangla sentence. Inner layer set 
dimensionality as of 2048 on behalf of the base model 
where input and output both sequences contained 512. 
      Positional Encoding : “Positional Encoding or 
Embedding that has an ability to extrapolate the model. 
Accordingly, neural networks both in encoding and 
decoding produce identical results or words and embedding 
with the sequence of longer lengths during the process of 
input embedding. In the model section positional encoding 
saturated at the quadrant section in the decoder and encoder 
[15] [20]. Sinusoidal function may find the maximum path 
of input sequences. 

C. Experimental Settings 
    We used the Neural Machine Translation workbox to 
train the method [35] [37]. The NMT workbox uses a 
variety of neural network systems. Before the loaded dataset 
we fixed some tools like- initialized maximum sentence 
length with 300, for preprocessing use maximum number of 
samples 2000, batch size 32 which is used to estimate the 
error gradient before the model is updated, buffer size 
20,000 which means how long a computer takes to perform 
the task. Transformer base neural networks have been used 
in the training process with word embedding dimension 256, 
hidden unit 512, number of layer 2 [35], multi-head 
attention size 8 (number of multi-head attention in both 
encoder & decoder layer is 4), epochs 100 and the model 
moreover uses dropout mask 0.1 and 0.3 gradually. This 
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passes through the transformer encoder decoder layer. We 
also use a sample transformer layer in NN with vocabulary 
size 2238, number of layer 4, hidden unit 512, number of 
head 4 and dropout mask 0.3, optimizer Adam [38] and 
learning rate 0.9. The improvement set is utilized in 
optimizing the criteria of the representation instructed 
utilizing the instruction set. The test result was computed 
with the use of Bilingual Evaluation Understudy (BLEU) 
[28] [29] [39].  
 
 

 

IV. RESULTS & DISCUSSION 
 

A.  Results 
     Dataset Refinement : Experiment procedure happened 
by our self made Bangla texts in which declare - Original 
Input to Original summary and Response Summary. Total 
data contained in the dataset is 1026. The machine will 
adopt summaries with the original input from the dataset 
and determine the Response summaries. For the parameters 
we use the attention based transformer model. From the 
Facebook posts we have collected different categories data 
and summarized them for our research purpose from that 
data [34].  
    Scaled dot-product Attention : That has used in the 
Transformer where query, key and value vectors are 
explained gradually. The softmax function distributes 
transpose function the weight of attention which works axis 
wise from the source location to the encoder and decoder. 
Attention based transformers carry self-attention, multi-head 
accomplishment and concatenate it simultaneously [22].  
    Masking More Attention Weights for Deriving the 
Attention mechanism : Regarding the transformer model, a 
mask [22] is used to focus attention scores (substituted with 
1e-9) before multiplying the standard values by the matrix. 
In multi-head attention, padding tokens are clearly ignored 
with their masks. This is related to the parameter of 
padding-mask. Because of self-attention, in multi-head 
attention blocks used in decoders, the attention-mask is used 
to force predictions to appear in tokens in previous 
positions, so that the model can use them spontaneously 
during the guesswork. Masking all pad tokens in the 
sequence batch ensures that the model will not use padding 
as input and it indicates where the value of the pad is 0: it 
outputs 1 and otherwise 0. Look-ahead masks are used to 
mask future tokens in a sequence. In other words, the mask 
indicates that no entries should be used.  
In Table-1, we show the result of the BLEU which is an 
algorithm for appreciating the attribute of text that translates 
from one natural language to another through machine 
translation and the score of BLEU always remains between 
0 & 1. The text gives an indication of how logical the 
reference is to the text and a more accurate summary if there 
is a value near 1. BLEU accurately calculates metrics using 
n-gram. 
 

                                     BLEU 

 
Score 

1-Gram 2-Gram 3-Gram 4-Gram 

0.42 0.48 0.48 0.47 

    0.42     0.43     0.44     0.45 

Table_1: Performance summary in terms of BLEU 
aggregate and 1-4 [33] 

Neural machine translation (NMT) from Bengali to Bengali 
summarization achieves best BLEU [3] score from 4-th 
gram which is 0.48. From the table we can see that we’ve 
achieved superior performance using NMT emerging 
access. Summarization from the transformer base model and 
the summaries we have created are very much connected to 
the evaluation.  
For text summarizing we have used Bengali [33] text data. 
Text summarization is a process of shortening a long piece 
of text. The purpose is to create a compatible and affluent 
summary with the key points described in the record. 
Abstractive text summarization means creating a summary 
from text with its main idea. Here (from table-2), original 
input is the text from which by taking the main idea we 
generate the summary. When training the general 
transformer architecture in very long lessons, the model 
must learn that it individuals with self-attention positions 
should focus on closer sounds rather than distant sounds 
encoding. After MT, from the long text and summary it’ll 
automatically generate the output which is response 
summary. In Table-2: we provide some examples on 
Bengali [33] [36] abstractive text summarization. 
 

INPUT দেরিতে হতে রিন্তু ঠিিই হতে েুরি যা চাও োই হতে, 
িতে দিত া দোিাি সিয়টা  ািাপ দোিাি জীেেটা 
েয়। শুধু অতপক্ষা িি সিয় সেরিছু রিরিতয় রেতে। 

MACHINE 
SUMMARY 

ধতয েি িল রিঠি হয় 

INPUT েুরি িুিুি ভালোতসা , েুরি গাে ভাতলাোতসা, েুরি 
িরেো পড়, িাে রেিাতে িুগ্ধ হতয় চা াঁে দেত া, েুরি 

এই শটেিাতটি যুতগ রচঠি পড়, িাস্তায় হা াঁটতে 
ভাতলালাতগ, েুরি িু তচািা ? োহতল েুরি  আতেগী 
গাধা আি রেশ্বাস িি দোিাি িপাতল িঠিে েুুঃ  

আতছ। 
MACHINE 
SUMMARY 

দছাট াতটা জজরেস এি িতধে ভাতলাোসা থাতি 

Table_2: Sample of Summary 
                     
B.  Discussion 
 

    The NMT that has a need for speech translation, 
paraphrasing, language modeling extracted by the input text. 
Transformer with encoding and decoding is a method of 
auto tuning in which Transformer + Attention is evaluated 
over BLEU score insight of 0.48. BLEU score measure with 
its weight behaviour. N-grams weight shows a sequence of 
word length by its own parallelization. Transformer + 
encoder input sequence specifies the word length by the 
number of head its call “word embedding” using a padding 
mask requires maximum output to look ahead to the pointer 
of words. It takes attention + inputs produce vectors of word 
in the same way but also a contrastive way as decoding. 
Transformer + decoder fetch the multi head attention 
applying with positional encoding in which maximize the 
Attention + output such as input to text, text to original 
summary and finally it converts into response summary by 
this 8 parallel attention hidden layers where decoder divide 
into each 2 layer with multi head attention setting d-model 
value is 128 which covered 512 unit in each layer. 
Dimensionality of learning rate reduces the head cost by the 
matches with single-head attention. Sparcical Categorical 
Cross Entropy productive method for loss function that loss 
function estimates the value is 0.217 with the learning rate 
and 100 epoch. Sparcical Categorical Cross Entropy has 
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specialization in which is useful for longest sequence vector 
connection. After that model visualization loss rate is 0.217 
in figure_2 described and plotted a curve by learning rate 
and train step. 4 grams weighted word sequence 0.25 predict 
best output where BLEU score is 0.48 that means our NMT 
model tends to paraphrase longer sequences. N-grams as the 
grams increase the number of 2,3,4 the added word also 
copied from the input sentences. Large chunks of sentences 
abstract summarization great for model proficiency. 
 

INPUT দিেরুয়ারি িাস জতুড় এই দসই িতো দে িাপল 
গুলাি জেে।ো আিতগা জেে এিটা "রেরিয়ারে 
দে" ও দো িা তে পািতেে সাতথ?  ারল োেল দগা 
িথা ভােতলই চলতো? আিাতেি িতোে রেরিয়ারে 
লাভাি দেি িথাটা দিউ িাথায় িা তলাোহ।হায় 

আিসুস! 
MACHINE 
SUMMARY 

রেরিয়ারে লাভািতেি িথা দিউ িাথায় িা তলা 
োহ। 

INPUT দোষ ো িতিও দয সেরি েতল, োতি আগতল 
িা ুে! িােুষ টা চায় আপরে োি িাতছই থািুে! 
দোষ ো িতিও সেরি েলা ভীষণ িঠিে িাজ! দয 
এই িাজ িিতে পাতি োতি আগতল িা াটা 
আপোি োরয়ত্ব! িােুষটাতি হারিতয় দিলতল 
আিতসাস এ পুড়তেে! রেজিে ভাতেই! 

MACHINE 
SUMMARY 

দোষ ো িতিও দয সেরি েতল, োতি ধতি িা ুে। 

Table_3: Original input to output summary 
 

Batch Size RNN 
Size 

Probability Learning 
Rate 

EPOCHS 

2 256 0.75 0.001 70 

Table (1) comparison of [34] 
Batch Size Units D-model Learning 

Rate 
EPOCHS 

32 512 128 0.0014 100 

Table (2) transform model acceptance 
                                             

INPUT আমি এটুকুই চাই এই অবহে লি ত জনগ োষ্ঠী েেন আর 

অবগহলোর িিকোর নো হয়। - প্রধ োনমন্ত্রী িে খ হোিিনো  
পেয োয়ক্রেম েেগির আটটি  িবভ ো ীয় িহের  বৃহৎ 

পরি িরে  িপতোমোতো ও অিভভোবকহীন িনউনগরো-
েেগভলপগমন্ট প্রিতবিি   েমগয়গের জনয পিরচেযো েকন্দ্র 

স্থোপন কর ো হেব। এিব েকগন্দ্র তোগের িিক্ষো, প্রিিক্ষণ, 
িচিকৎিো, েখলোধুলোিহ িব িুিবধ ো অন্তভুযক্ত থোকগব।  

MACHINE 
SUMMARY 

প্রিতবিি   েমগয়গের জনয পিরচেযো েকন্দ্র স্থোপন কর ো হেব 

INPUT অগনক অগনক মিন পর েতোর হোগটর আলগতো ে োোঁয়ো টো 

আজ আবোর েপলোম, অগনক ইচ্ছো ি ল েতোর হোতটো ধগর 

িূেয উঠোর িঠক আ  মুহূগতয আর একবোর এই বযস্ত িহগরর 

অিল িল রোস্তো গুগলোগত ঘুরগবো, িকন্তু ভোিবিন েিই িেনটো 

হগব!!! অগনক ধনযবোে “নীলোম্বরী” এই িকোল টো আমোর 

কগর েেওয়োর জনয।   
MACHINE 

SUMMARY 
জোিত িহিোগব আমরো বড়ই অিভয 

            Table (3) comparative output summary of [34] 
Table_4: Abstractive text summarization before [34] and       

after adding structured transformer model 
In authors [34] that had been done an approach of prioritize 
in Bangla published a sequence to sequence RNN study 
where employed by the Bengali summarization by the 
method of RNN. Regarding the summarization approach 

technically shows the same way summary of any text using 
RNN but not with the BLEU score. In order to this 
abstractive method with attention newly added BLEU score 
such as accurate and efficient strong summary 
representation. Attention based approach that shows the 
machine optimization over compiling process the reason 
behind is attention mechanism more sufficient to cover up 
larger corpus of Bangla language rather BLEU is the 
monolingual and bilingual groups are created as normalized 
scores and more specific. BLEU score near to 0.41-0.47 that 
has been necessary to analysis word gap concern with 
proper summary. In Table (3)[34] summary what have 
produce by the input tagged words and then output where 
sometimes occur wrong output summary or in the noise are 
getting then RNN supposed to a unclear summary. 
However, thus comparatively transformer model learned 
Bengali approach in which estimate summarization by the 
attention mechanism. In table-4 that we visualize 
comparison between our previous approach and transformer 
model approach parameter where learning rate, epochs and 
batch size produce different output. So far Transformer 
model has been defended like a sequential technique where 
each of part paraphrasing the word for making sentence and 
this has been a new technique with transformer model which 
had employed effectively for summary correctness. Thus, 
the originality of the proposal is the abstractive 
summarization claimed as a new technique based on the 
Bangla Language where in Bangla paragraph have produced 
one line summary and tropically, this invention explore 
original Bangla language uses. 
 

 
Figure_2: Transformer model learning point scale. 

 
 

V. CONCLUSION & FUTURE WORK 
 
A structured seq2seq process attention mechanism in order 
to explicit the Bangla language to Bangla text 
summarization. While input file analyzing the number of 
files was 1026 Bangla summary such as input as NMT. In 
this section we concluded that transformers are an effective 
solution for language modeling. Longer sequence tuned by 
removing noisy translation paraphrasing the next word using 
multi-head attention, positional encoding, Feed-forward 
neural network. Thereby this conceptual based method 
maximizes the output after 100 epoch cover and auto tuned 
by the 4-grams weighted word length on 0.48 BLEU score. 
The word length overfitting loss calculated as 0.217 which 
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one is a low loss function rate that filters the unnecessary 
response. Encoder-Decoder removes the lexical ambiguity, 
producing an outperform of adjacency between token input.  
Future studies define that NMT techniques will remain more 
in which tend to humans in loop generation where process 
different languages. Will explore long document 
summarization by dynamically taking input into delivery as 
response summary.  
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Abstract— As nowadays, prevention of fraud is another 
important issue, researcher have initiated the idea of applying 
suspicious frauds in credit cards to line application. The 
objectives of this research are: 1) for developing the suspected 
credit card fraud via API LINE Notify. 2) Measure the accuracy 
of the developed system in the notification to prevent suspicious 
fraud credit card. The measurement method is comprised of five 
steps which are: 1) Analysis of work systems is a study and 
analysis of problems to determine needs. 2) System design is the 
process of designing research tools. 3) Developing a system is the 
process of developing research tools. 4) A test of the tools is 
executed 5) Summary of results, discussion results, and 
suggestions. The measurement results of efficiency, accuracy, 
and completeness of the data were in a very good level, equal to 
86.67%. The results of the measurement of efficiency to the 
conditions set are very good, equal to 80.00 %. The results of the 
measurement on time very good, equal to 86.67%. In conclusion, 
the developed system accomplishes all research goals. 

Keywords— Credit card fraud, API, Line Notify 

I. INTRODUCTION  
Currently, the risk of the credit card business has changed 

according to user behavior and found that in Thailand and 
ASEAN, credit card fraud is 0 . 3 5 - 0 . 5 %  of the value of 
spending [1]. Credit card fraud has many channels both from 
people close to the merchant and online identity theft which 
users must be more careful.  The nature of fraud is common, 
the criminals will collect ATM Slip from ATMs with quite a 
large amount to use to find important information in financial 
transactions such as date of birth [2]. ID card number by using 
different methods, such as falsely claiming to be civil servants, 
requesting civil registration information from administrative 
officials or search for the account number in ten digits and 
then try to transfer via online banking in order to know the 
name of the account owner after receiving the victim's 
information fraudulent identity cards are fake, using the name 
of the victim as the owner of the card, but attaching a picture 
of the criminal.  and bring the said card to request to open an 
account deposit and new ATM cards of the same bank, but 
different branches as well as requesting to enable online 
banking services for all victims' deposit accounts to transfer 
all funds to the newly opened deposit account and using an 
ATM card to withdraw money [3] .  Fraud Detection/Fraud 
Prevention is another important issue that will help banks to 

have virtual eyes to monitor suspicious activities that occur in 
the process of fraud or the intention that may present a risk of 
fraud in the future. But banks still don't have systems to detect 
those behaviors causing bank personnel to use behavioral 
analysis themselves or analyze their behavior before which if 
the behavior of corruption has changed will make the bank 
officials unable to verify which can cause damage, and 
according to a survey by ABA Banking Journal, 1 in 5 of the 
banks surveyed want to invest in developing a system to detect 
fraud continuously in the years to come [ 4] .  The researcher 
foresaw that this problem occurred and created the idea to 
develop a credit card fraud monitoring system. 

LINE application provides notification service from 
official accounts via LINE Notify, which can connect to web 
services with a variety of services and receive group 
notifications. Applications require a Line account and then can 
apply for LINE Notify. LINE is the most important marketing 
method in the digital age because it can easily reach users via 
mobile phones, both operating systems can use IOS and 
android -  including personal computers which for Thailand 
has grown rapidly to become a major market with more than 
3 3  million users because LINE has the advantage of free to 
use, easy to use.  There are variety of features allowing LINE 
to grow faster than Facebook and Twitter in just 13 months of 
launch, reaching 50 million users worldwide while Facebook 
and Twitter took up to 36 months after launch to have the same 
number of users and currently has more than 4 9 0  million 
LINE users worldwide [5]. 

 Therefore, based on the problems and benefits from 
the study above, we has the idea to use LINE Notify 
technology together with the concept that focuses on credit 
card fraud prevention by analyzing the risk behavior of credit 
card fraud, sending data from the API LINE Notify through 
the LINE group that was created to check for the fraudulent 
transactions of the card fraud prevention officers of Krung-
Thai Credit Card Public Company Limited.  Popular social 
media is widely used and provides quick and easy 
communication, allowing staff to take care of customers' 
credit cards to receive notifications quickly via mobile devices 
or personal computers to prevent the risk of credit card fraud 
immediately. 
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II. LITERATURE REVIEW 

A. Rule-based 
It is a pre-defined rule consisting of rules for working in 

the IF-THEN format.  Users can add facts so that rules can 
summarize the problems and apply those rules to process 
queries in the most efficient way[6] .  The condition will be 
determined precisely because it creates a fixed condition or 
rule in order to check the data to match the specified 
conditions, therefore it is necessary to have the conditions to 
be covered if the conditions are not covered or have other 
conditions from the set conditions, the data will be inaccurate. 

B. LINE Notify 
LINE is an application for popular communication due to 

various capabilities and can work on many devices whether a 
smartphone, tablet, or even on a computer for the outstanding 
ability that makes LINE different from other communication 
applications, it is an image, cartoon character, an emotion 
called sticker.  Its advantage is that it helps to reduce the 
amount of typing and helps to create newness in conversation 
as well.The services provided by LINE in the form of APIs 
for developers can be used to further develop projects that 
need to send notifications to our groups or personal accounts 
[5]. 

C. Type of credit card fraud 

1)   Lost /  Stolen.  The nature of the fraud found the 
information on the front and back of the card has been 
recorded by the cashier staff and used to make e-commerce 
transactions. 

2)   Counterfeit.  Common corruption characteristics the 
information on the magnetic stripe is copied through skimmer 
to create fake cards and bring the card to use abroad. 

3)   E-Commerce Fraud.  The type of fraud that customers 
receive e-mail phishing.  Fraudulent credit card information 
updated and it was brought to a transaction ( fake website)  or 
a customer received an e- mail trick to fill in credit card 
information in exchange for a reward and was taken to a 
transaction (click bait website). 

4)   Account Take Over ( OTA) .  Common corruption 
characteristics the fraudsters contact to change the mobile 
number in the system to their own in order to receive the OTP 
code to shop online. 

5)   Fake QR there are two common types of fraud as 
Malicious QR It is a QR that embeds malware in a QR. Which 
when scanning the QR will infect the mobile device with 
malware. Fake QR It is a fake QR code where fraudsters create 
a fake QR code to replace the merchant's QR code.  Causing 
the payment to be transferred to the fraud instead of the 
merchant's account. [1]. 

6) Copy data from the card's magnetic stripe by a skimmer 
machine installed at the ATM.  Common corruption 
characteristics criminals often install a skimmer machine at 
the card slot of the ATM to copy the information from the card 
and equipped with a numeric keypad to save the password that 
the victim pressed or may install a tiny camera to secretly look 
at the password. 

7)  Forgery of credit card application documents common 
corruption characteristics criminals may forge or use the 
victim's personal documents, such as a stolen copy of their ID 
card.  Then apply it to apply for a credit card or notify change 
of address, change card by informing financial institutions to 
send documents and newly issued card directly to criminals 
when receiving a credit card, it will be spent on behalf of the 
company [2].  

8) Stealing information from ATM slip, the common fraud 
criminals will keep the ATM slip at ATMs with relatively 
large balances to find important information in financial 
transactions such as date of birth.  ID card number by using 
different methods, for example, impersonating a government 
official to request information from the civil registry from 
administrative officials.  or find the account number to 
complete 1 0  digits and take it to try online bank transfer to 
know the account holder's name.  Once the victim's 
information was obtained criminals will forge a fake 
government ID card using the name of the victim, owning the 
card, but attach a picture of the criminals. Then bring the said 
card to open a deposit account and make a new ATM card of 
the same bank but at different branches. As well as requesting 
the activation of online banking services with all victims' 
deposit accounts To transfer all funds to the newly opened 
deposit account Then use an ATM card to withdraw money. 

D. Related work 
J.  Chaisuwan and N.  Chumuang [ 7]  presenta model for 

customer behavior prediction system based on credit risk of 
1,100 corporate clients to forecast and decide by management 
in the credit decision of each customer on different conditions 
from the customer.  Differentiate customer behavior with 
decision tree techniques And it was found that the 
organization was predictable and the credit decision was 
accurate or up to 85.82%. 

C.  Chang and H.  Lin [8]  on botnets and phishing threats 
with machine learning techniques or machine learning 
schemes with artificial neural network. 

S.  Kaewkorn, et al. , [ 9 ] , proposed the influence of the 
constituent factors in the use of the LINE application within 
the organization on the decision to use the LINE app within 
the organization of private employees in the district. Bangkok 
Through the survey research techniques, the behavior factors 
of using the LINE application within the organization, the 
decision to use the LINE application within the organization 
is a tool for data collection. 

N.  Balasupramanian [ 10]  presented an online banking is 
the one most common service availed by almost all banking 
customers in the current era.  Every second the banking 
organization, generate enormous amount of valuable data 
from their customers and their transactions.  These valuable 
data need to be saved and analysed effectively using big data 
analytic techniques so as to get the necessary insights for the 
banking organizations.  

B.  Omair and A.  Alturki [ 11]  review on fraud detection 
methods in credit card transactions using techniques 1. Hidden 
Markov Model 2. Artificial Neural Network 3. Convolutional 
Neural Network ( CNN)  4 .  Decision Tree 5 .  Rule based 
method. 
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III. METHODOLOGY  
This paper is an applied research which our process is 

based on the following steps. 

A. System analysis 
The study and problem analysis process to determine the 

needs by studying and analyzing the problem, the researcher 
can get an idea of the problems arising from the prevention of 
damage from the fraudulent theft of credit card transactions, 
delays and not yet a system.  Which alerts the staff to prevent 
credit card fraud in real- time to prevent damage from credit 
card fraud immediately. 

Therefore, the researcher had the concept of using LINE 
Notify technology to work in conjunction with querying the 
behavior that is likely to be corrupted from the database by 
creating a connector to the database and creating conditions 
using rule based techniques to capture and forward the 
information to the connector with LINE Notify, it can be 
alerted to any potential or suspected action via LINE 
application causing staff to prevent credit card fraud able to 
receive notifications quickly through the mobile device or 
personal computer to detect and prevent credit card fraud as 
shown in Fig. 1. 
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-                             
-                               
                    
-                   
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-                        API Line Notify
-                                                

                              

                       

 
Fig. 1. System operation. 

B. System Design 
From the analysis of the old work system that cannot 

detect risky or suspected fraudulent behavior.  Therefore, 
design a new work system to be able to analyze the risky 
behavior or suspect fraud and transmit the data in real-time by 
designing the work of the system, there are steps as follows: 

From the study of documents related to credit card fraud 
of the company Krungthai Credit Card Public Company 
Limited From January 2019 - December 2019 , it was found 
that most of the fraud was caused by the following main 
behaviors. 

1) Fraudulent behavior by pressing the wrong code to press 
money. 

2 )  Fraudulent behavior by conducting transactions in a 
high balance. 

3) Fraudulent behavior by conducting transactions during 
improper time. 

4)  Fraudulent behavior by conducting transactions from 
suspected merchants to be fraudulent. 

5) Fraud behavior by pressing the wrong money press code 
and having transactions that can be exchanged for cash such 
as gold, mobile phones electronic device. 

6) Fraudulent behavior by customers over 60 years old and 
conducting online shopping transactions. 

7)  The behavior of fraud through high- balance 
transactions and 30- day history of fraudulent transactions 
from merchants. 

8)  Fraud behavior by conducting multiple transactions in 
a period of one hour. 

9)  Corruption behavior by conducting transactions from 
many countries when they cannot travel. 

10)  Fraud behavior by using credit card magnetic stripe 
instead of credit card chip card from credit card machines that 
can accept credit cards with chip cards. 

Functional design for investigating suspicious behavior of 
credit card fraud with a diagram showing the sequence of steps 
of the algorithm. In order to clearly see the workflow, use the 
flowchart symbol and show the direction of data flow when 
the data meets the specified conditions.  Fig.  2, and Fig.  3 
describe the working process of the algorithm.  When the 
system searches for information and when the search data 
meets the conditions set the system will forward the 
information to the group line that has been created. if the data 
does not meet the specified conditions the system will 
continue to check against the conditions and if the data does 
not meet all the specified conditions then the verification will 
be ended and the work will be finished.  

Data Dictionary Data Dictionary of Credit Card Fraud 
Surveillance System Alerts on LINE Application Can explain 
and display various details as in the table I and TABLE II. 

Information from Fig.  4 , the information display in the 
notification via the LINE application contains information. ID 
card information, name, surname, credit card limit, store 
name, transaction amount.  Credit card fraud protection 
officers are required to use the ID card number to search for 
customer information by verifying the validity of the name. 
Last name and credit card limit information and store name 
are used in decision making in order to make it easier to 
investigate items that are subject to or suspected fraud. 

TABLE     I.        GENERAL CUSTOMER INFORMATION 

No
. 

Field Name Type Siz
e 

Description Ke
y 

1 Card_No Varcha
r 

16 Customer credit 
card number 

PK 

2 ID Varcha
r 

13 Customer ID card 
number 

- 

3 Name Varcha
r 

50 Customer name - 

4 Sub_name Varcha
r 

50 Customer surname - 

5 Birthday Varcha
r 

9 Customer date of 
birth 

- 

6 Credit_Lim
it 

Varcha
r 

20 Customer credit 
card limit 

- 

7 Avail Varcha
r 

20 Client's remaining 
limit 

- 
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TABLE     II.      CREDIT CARD TRANSACTION INFORMATION 

 
No
. 

Field Name Type Size Description Key 

1 Card_No Varchar 16 Customer credit card 
number 

PK 

2 Date_Time Varchar 20 Date and time of the 
transaction 

- 

3 Merchant 
_name 

Varchar 100 Name of the store 
that performed the 
transaction 

- 

4 City Varchar 15 Transaction city - 
5 Country Varchar 2 Transaction country - 
6 MCC Varchar 4 Types of merchants 

doing transactions 
- 

7 Amount Varchar 20 Transaction amount - 
8 Response Varchar 3 The results of the 

transaction 
- 

9 POS Varchar 3 Transaction 
characteristics 

- 

10 Merchant_ID Varchar 20 Store code for 
transaction 

- 

11 Terminal_ID Varchar 20 Transaction ID - 
 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Working chart of corrupt behavior detection conditions. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 3.   Working chart of corrupt behavior detection conditions (cont.). 
 

 
Fig. 4. The screen shows information notifications via the LINE 

application. 

 
C. Implementation 

After analyzing and designing the system, it makes it 
clearer to know the working process of the system.  In the 
process of analyzing and designing the system, it will know 
the scope of the system development and know that there are 
processes. 

 Acquiring an Access Token to use the API 
Line Notify, access the website. https://notify-bot.line.me/en/ 
Login to the system and select Generate token menu, then 

STAR
T 

Search from 
database 

Credit password LINE Group Notify 

Make high balance 
transactions 

LINE Group Notify 

Inappropriate 
time 

LINE Group Notify 

Transactions with suspected 
merchants will be fraudulent. LINE Group Notify 

Wrong credit code was 
entered and an item type that 
could be exchanged for cash 

was performed. 

LINE Group Notify 

A 
B 

A B 

Over 60 years old and doing online 
shopping transactions LINE Group Notify 

High credit limit and conducting 
operations with the suspect shop LINE Group Notify 

Multiple transactions in one 
hour period. 

LINE Group Notify 

Make transactions from many countries 
consecutively in a short time. LINE Group Notify 

Transactions from magnetic stripe 
instead of credit card chip. LINE Group Notify 

Inspector and update 
additional conditions 

END 
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enter the information in the Token name, which is the display 
name when prompted and select the chat room.  Vim set to 
receive notifications.  After that, press the Generate token 
button, the system will generate a Token, which must keep this 
data set.  In order to contact the API Line Notify and the Line 
Notify system will not store the Token that has been created. 
User will have to generate a new token every time. 

 Create files to connect to the database and control 
how the database searches. 

 Create a file to connect to the database with your 
Username Password.  

 Create a file to find information from the database 
with certain conditions. 

 Design the system to automatically search for 
information from the database It is set to search for 
information every 5 minutes and search every day. 

 The system record information from searching in the 
database. 

 Send received information to Line Notify service.  

 Control the transmission of information to the group 
line.  By sending the information received from searching the 
database to the API Line Notify.  

 Testing and Debugging at this stage it is a step that 
must be done in conjunction with the system development 
process.  Due to the development of the system, there may be 
some modifications or changes to the system during 
development and system readiness is checked before the 
system is put into production and the system must be tested. 
In order to find flaws and fix them completely with usage tests 
as follows 

-  The credit card holder's information is correct and 
complete. 

- Detects any behaviors that fall within the scope of fraud 
and correct the conditions. 

-  The duration of searching for information from the 
database and sending the information is not more than 5 
minutes per time. 

 
TABLE     III.      PERFORMANCE EVALUATION 

Scoring Level Significance Qualitative Quantitative 
Very good 80% – 100% Performance is very good. 

Good 70% – 79% Performance is good. 
Moderate 60% – 69% Performance is moderate. 

Little 50% – 59% Performance is little. 
Scanty 0% – 49% Performance is scantly. 

 
Performance evaluation Development of a surveillance 

system for credit card fraud through the notification of the 
LINE application.  The researcher assessed the quality by 
responding to the test after testing the system.  To be used for 
checking the efficiency and speed of the work process Is it 
meeting the objectives? If any errors are found, they will be 
corrected and tested again before proceeding to the next step. 
Then the results were obtained to find percent values to find 
the correctness by analyzing the data for conclusions by 
scoring according to the percentage comparison criteria. 

IV. RESULT 

Development of the analysis of credit card fraud risk 
behavior and the application of Line Notify technology to 
notify via Line application To prevent credit card fraud By 
researchers looking for errors that arise from the system Then 
test the operation of the system. The results of the research are 
as follows. 

A. Credit card holder details are correct and complete. 
  From Table IV, the measure of performance of credit card 
holder data From testing, it was found that All results are valid 
for 13 times and not all results are correct 2 times, therefore, 
the results of the measurement of the credit card holder's 
information are correct and complete.when the percentage of 
accuracy is used, the result is equal to 100. 86.67 each when 
compared with the specified criteria, making it the most 
accurate level. 

TABLE     IV.      TEST RESULTS FOR ACCURACY AND COMPLETENESS OF 
INFORMATION 

Test item Time Results 
The details of the 
credit card holder's 
information are 
correct and 
complete. 

1  
2  
3  
4  
5  
6  
7  
8  
9  

10  
11  
12  
13  
14  
15  

Percentage 86.67 
 
B. Detects any behaviors that fall within the scope of fraud 

and correct the conditions. 
 From Table V., the detecting behaviors that fall within the 
scope of corruption are correct according to the specified 
conditions.  From testing, it was found that All of the results 
were valid 1 2  times and the results were incorrect 3  times. 
Therefore, the results of measuring the effectiveness of 
detecting behaviors that fall within the scope of fraud were 
correct according to the specified conditions.  When the 
percentage accuracy was used, the results were 8 0 % when 
compared with the specified criteria, making it the most 
accurate level. 
TABLE    V.   VALIDITY RESULTS ACCORDING TO THE SPECIFIED CONDITIONS  

Test item Time Results 
Detects any 
behaviors that fall 
within the scope of 
fraud and correct the 
conditions. 

1  
2  
3  
4  
5  
6  
7  
8  
9  

10  
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Test item Time Results 
11  
12  
13  
14  
15  

Percentage 80.00 
 

C. The period of searching for information from the 
database and sending the information is not more than 5 
minutes per time. 

From Table VI, the time for searching the database and 
sending the data is not more than 5  minutes per time.  All 
results were valid for 13 times and total incorrect results for 2 
times. Therefore, the results of the measurement of the results 
of the time of searching the data from the database and sending 
the data not more than 5 minutes per time. Was equal to 86.67 
percent when compared with the specified criteria, making it 
the most accurate level. 

TABLE     VI.      DURATION TEST RESULTS 
Test item Time Results 
Detects any 
behaviors that fall 
within the scope of 
fraud and correct the 
conditions. 

1  
2  
3  
4  
5  
6  
7  
8  
9  

10  
11  
12  
13  
14  
15  

Percentage 86.67 
  

V. CONCLUSION 
 This research proposes the development of a credit card 
fraud surveillance system through an online application alert 
using a Rule-based technique to analyze credit card fraud risk 
behavior.  Its purpose is to develop a notification system for 
risky or suspected credit card fraud through LINE Application 
and to measure the accuracy of the alert to prevent the risk of 
credit card fraud or to prevent damage that Caused by credit 
card fraud Which after developing the system, the researcher 
has measured the performance of the system By conducting a 
system test to evaluate the results of 3 aspects: 1. The accuracy 
and completeness of the information.  2 .  The validity 
according to the specified conditions 3 .  Duration The 
evaluation results have a mean percentage of efficiency in 
each area which is very good.  In conclusion, the assessment 
results are very good.  And in accordance with the objectives 
Develop an alert system for risky or suspicious behavior of 
credit card fraud through the LINE application.  And measure 
the accuracy of alerts to prevent the risk of credit card fraud 
or damage caused by credit card fraud, and in accordance with 

the research hypothesis, Able to correctly notify problems 
with a percentage greater than or equal to 80. 
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Abstract— This paper proposed to reduce the complaints 
about the use of public transport. We applying the principles of 
digital image processing with the Eigen face detection and the 
Scale-Invariant Feature Transform (SIFT) matching technique. 
The system shown that the face of the person who interested will 
be mark and detect. After that it do an emotional analysis and 
show the emotional results immediately. We evaluated the 
effectiveness of our system based on the accuracy for detecting 
human faces. In the experimental, total testing 100 times with 
both of the straight and inclined faces. The results are as follows: 
A person's face detection with a constant light is 90%, a 45-
degree tilted face has a constant illumination of 79%, a 45-
degree tilted face, a constant light of 55%, and a thin masked 
face section, it cannot be work. 

Keywords— Face Detection, Transport Service, Scale-
Invariant Feature Transform, SIFT 

I. INTRODUCTION 

At present, there are more public transport as taxi car in 

Bangkok and major cities around the world [1] .  Since in the 

year 1992 the government by the Ministry of Transport has a 

policy to increase the number of public taxi without limitation 

and due to the traffic conditions in Bangkok.  That have a 

changed greatly both in terms of the volume of vehicles and 

the population, together with the encounter of traffic 

congestion [2]. They have an impact on travel affect a result, 

more and more people tend to use taxi.  In each time people 

use public taxi, there will be problems more service 

complaints such as service provided by taxi, friendliness and 

manners of drivers while using the service or the driver, 

careless, thrilling driving, which at present, the agency that 

controls the service of taxi and related agencies [1],[3]. Lack 

of serious attention to solving such problems or it may be too 

slow to fix.  

According to statistics of Public Relations and Corporate 

Communications, the Department of Land Transport has 

compiled statistics on complaints of taxi from October 2 0 1 1 

to April 2 0 1 3 , which has the number of complaints from 

passengers increasing.  The transport statistics division, the 

division of planning, has considered the satisfaction of 

passengers a lot [1]. Therefore has been collected the subject 

of the complaint that the passenger has, Department of Land 

Transport, which is the most reported two issues:  the bus 

driver shows impolite verbal behavior, reckless driving, and 

fearfulness.  It can be seen that according to statistics, each 

year will the number is constantly increasing.  There is no 

quick and immediate resolution of the problem, so the 

problem cannot be solved [4]. 

From the above problem, We have an idea to develop a 

system to detect emotions from different faces. From the face 

of the passenger and face recognition or sensing through the 

face of passengers to get a way to detect faces and feelings of 

passengers.  Effective in practical use and to assess the 

emotional state of the passenger at that time from the first use 

of the service until reaching the destination and is immediately 

sent to the Department of Land Transport. In order to get the 

problem resolved immediately without delay, it can also be 

used to check customer satisfaction.  The analysis behavior 

patterns of job interviewers.  The analysis the emotion of 

people at different parties. The analysis the facial expressions 

or feelings of dumb people and examines the behavior of hotel 

customers. 

Therefore, we are interested for studying the system of 

detecting facial emotions procedures and methods for 

performing face detection and detailed recognition. The usage 

facial recognition techniques for passenger emotions such as 

normal facial expressions, happiness, heartbreak, panic, 

anger, and drowsiness.  In an implementation, we used an 

OpenCv with a Raspberry pi to create facial recognition 

technology and Eigen Face technique, which uses digital 

image processing technology to be used for verification to 

hope that the system can be used to assist in various services 

and to be able to use it for the most benefit. 

II. LITERATURE REVIEW 

A. Digital Image Processing 
   Digital image processing [ 5]  is about the converting 

image data into digital format. In order to be able to bring this 

information through various processes with computer.  The 

operation of the computer, the system for receiving data in or 

out of data is only in digital format.  In digital image 

processing, once the system has received the image data, it 

will calculate and output as data that can be used instead of 

those digital images saving image data in computer memory 

[6] .  This can be done by reserving the machine's memory in 

the form of an array variable Fig.  1 by the values in each 

channel of the array represents the properties of the pixel and 

the position of the array. Determines the position of the image 

point from the use of memory to store images in the manner 

 lecho20@hotmail.com1, s6207021910051@kmutnb.ac.th2, mahasak.k@it.kmutnb.ac.th3, 
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mentioned above. The image storage space can be calculated 

as M x N x g, where g is an integer representing the number of 

bits of data at each preview point.  If g is equal to 8 bits, we 

can store the possible color difference up to 256 level, and the 

M and N values indicate the resolution of the image [5]-[7]. 

 

Fig. 1. Equation to calculate the brightness or color of each pixel. 

The image processing is a process that includes a variety 

of techniques and methods for processing the numeric data of 

images, which can be applied to suit the image data being 

processed [8]. Image data is characterized by varying shapes, 

textures, colors and structures. It depends on the object and its 

surrounding environment. Digital image processing can be run 

as either hardware or software with the principles of image 

processing theory [9].  

B. Face Recognition 
The Face recognition system is designed to compare 

interested person's face with an existing face database 

[10],[11]. The algorithms used in the template generation and 

comparison procedures may vary from one person to another. 

System design of each system but whether there will be how 

does the algorithm work in the template construction phase 

and the comparison process? The overall work process of the 

system is still the same.  Typically, a face recognition system 

consists of three steps [12]. The first on is face detection is the 

function of locating all the faces in the image.  The second is 

feature extraction is a function of separating features on the 

face image and then store it in a database or compare it with 

the facial features feature information in case of retrieval 

process [ 13] .  In the last is the part that carries information 

about different parts of the face image obtained from the 

second step [14].  Let's compare them with different features 

of face images in the database and then display the results of 

the face image that is most similar to each other, as shown in 

Fig. 2. 

 

 

Fig. 2.  Shows the main of the face recognition system. 

1) Face recognition algorithm [6] 

Knowledge- based methods is a method for 

determining the relationship between distinctive features on 

the face with fixed basic main positions and elements on the 

face [ 15] - [ 17] .  For example, we study of hierarchical 

knowledge methods, which is divided into 3  hierarchies, as 

shown in Fig.  3. 

• Level 1 consider the position of the overall probability 

of the face. 

• Level 2 histogram analysis with the face’s boarder. 

• Level 3 analysis the internal features of the face such 

as symmetry of both eyes, vertical and horizontal position of 

the nose and mouth. 

• Level 4 search base a zoning rule similar to Yang and 

Huang's method.  The difference is that it looks at both the 

vertical and horizontal histograms, but does not eliminate the 

problem of the image with complex backgrounds and 

problems on a variety of faces including the posed that are 

different. 

 

 

 

 

Fig. 3. Hierarchical knowledge methods. 

2) Feature-based methods  
It uses an algorithm to look at the features and structure of 

the face, as well as the dynamics of various elements of the 

image [ 18] .  Use contrasts of light, shadows and contours as 

models to find faces.  The model consisted of two less bright 

points (dark spots) to represent the eyes and three brightness 

points (weak points) to show the cheekbones and nose, and to 

find the correlation between the distance and the location of 

the differences to select a suitable face model [19], [20]. This 

system is limited in that when the shadows of the surroundings 

change, it will affect the search performance. 

3) Template matching methods  
 It is a comparison of the desired image to the model 

structure of a standard face by collecting relational data 

independently of the parts [ 21] .  For example, Sakai, Nagao 

and Fujibayashi, (1969) propose a sub-model plate structure. 

(subtemplates model) using a sobel filter to find the border to 

find the probability locations of various subsets on the face 

that best match with the subtemplate model to the position of 

the face. Later, a qualitative model for face pattern (QMF) was 

proposed, using the parameters of illumination and facial 

contour as a model of the face [ 22] ,[ 23] .  Another popular 

technique is the principal component analysis ( PCA)  by 

studying the exact location of faces using basic geometric 

principles as shown in Fig 4. 

 

 

Fig. 4. Face model from the MPEG-4 database. 

4) Appearance-based methods  
 This method is a visual comparison that must search and 

model structure of the face were learned and trained in the 

Level 1 

Level 2 

Level 3 



89

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

system to recognize and apply knowledge in the database to 

consider [24]. 

5) Eigenface Methods  
Basic facial composition analysis with a variety of facial 

statistical processes a characteristic face is a set of Eigen 

vectors that can be obtained from a covariance matrix, 

creating a face model that combines the characteristics of a 

sample face image to find the specific value of the elements 

on the face [25]. For example, Turk and Pentland would use a 

grayscale image and convert it to a vector to determine the 

eigenvalue and take the eigenvalue of the portrait sample. 

Let's create a unique face model to locate the position of the 

face. Distribution-Base Methods represent the distribution of 

sample data formats with pageline and non-page as the basis 

for decision making [26]. For example, Sung and Poggio take 

the Gaussian function around a group. The distribution of the 

sample mean is shown in Fig. 5. 

 

 
Fig. 5. Distribution of sample data. 

 

III.  RESEARCH METHODOLOGY 

 Implementation of the development of facial recognition 

system from the camera by image capture and image 

processing.  The working method, divides the development 

process according to the system development cycle into the 

following steps. 

 

Fig. 6. The concept of the system. 

A. Personal face dataset 
The dataset of face image from 10 persons, each person 

will have 50 faces in color with different elements of the 

environment and different mood, light, contrast, 

resolution.The dataset used must be .jpg / pad extension with 

an image size of 300x300 pixels, the image must be straight-

faced. Clearly and not blurry. Normal light quality showed in 

the example as in Fig.  7.  The dataset tested, there are 500 

images in total, divided into 350 images for training set, and 

150 for test set. 

 

 
Fig.7. Sample of dataset with different emotions. 

B. Design of Human Emotion Identification System 
In this paper, the Eigen face was used as an indicator of 

human mood.  In this topic, we have studied how to detect 

faces using the Haar- like feature and in the communication 

between hardware and software [27]. In the program, it looks 

like connecting devices as in Fig. 8 .The first step, image 

processing part is divided as follows.  

1. Prepare the equipment by connect a camera with a 

Raspberry Pi board. 

2.  Face detection after receiving face image data.  The 

system will take preprocessing as: 

2.1 Resize to standard image with 244 x 244 pixel.  

2. 2 Normalization with extraction of non- facial features 

and image enhancement to achieve a sharper image using the 

image enhancement as eq. (1). 

 

 !"#, %& ' ()*+,"# - ., % - /& ∈ 1"#, %& ∈ 23          (1) 

 

where G (i, j) is the middle average filtering, it is a 

nonlinear filter. The advantages of image enhancement with 

center average filter are creates a blurring of the image so that 

the pixel intensity points are in the same tone [28]. 

2.3 Multi-perspective facial composition analysis (PCA) 

using Eigen face technique to represent vector data. The key 

work steps are perform converting the data matrix structure to 

row vectors. Calculates for the Eigen vector corresponding to 

the eigen value and then used to calculate the distinctive 

features of the image to be used for face recognition. 

3. Face recognition and compare with face images in the 

database  for matching. 
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Fig. 8.  The work flow of the system. 

3.1 Face analysis and face recognition techniques using 

triangular geometry of the eye and mouth which is used to find 

the position of the eyes and mouth in Fig .8 by selecting the 

triangle with the least inclination weight as eq. (2). 

 

 45"#, %, 6& '  ∏ )9:";9<=>? !""#,$,%&&&3   

 

 Cos *+"#, %, 6&& '  
,"
-.  ∙ 

0"
-. 

1
0"
-.1

                                   (2) 

where  45  is the weight of the slope of the triangle 

    2;3333⃑   and 233333⃑   is the vector between the midpoint of i, 
j and k. 

    *;  is the angle between the vectors   5;3333⃑  and 2;3333⃑  

   *3  is the angle between the vectors   533333⃑  และ 233333⃑  

   5;3333⃑  is a vector that originates at the midpoint of 678 

which is perpendicular to the vector 678 

  533333⃑  is a vector originating at k that is perpendicular 

to the horizontal. 

  

Fig. 8.  Triangular geometric simulation of the eye and mouth. 

 

3.2 SIFT consists of 4 important steps [29]: 

3 . 2 .1   The key point in dimensions, size and distance 

(Scale-space extreme detection)  The first step of finding the 

key point of an image that does not depend on the image size. 

The search will be performed by changing the size of the 

image and blurring the image with the Gaussian function, as 

follows eq. (3). 

 

 9",, :, ;& ' !",, :, ;&<",, :& 

 !",, :, ;& '  
;

"3=>?&
) ? ",3, :3&/2;3     (3) 

 where  ",, :&     is the coordinate on the image. 

  9",, :, ;&  is that the image is blurred with 

the Gaussian function 

           !",, :, ;& is a type filter with Gaussian 

function. 

    <   is the original image 

      σ    is the size of the blur variable, the more 

value the more the blur. 

 

   C",, :, ;& ' "!",, :, 6;& ? ! ",, :, ;&&,<",, :& 

             ' 9",, :, 6;& ? 9",, :, ;&     (4) 

 

C",, :, ;&   is parameters of image size that have been 

blurred by the Gaussian function will be compared to 

determine Difference-of-Gaussian: DOG). 

3.2.2 Keypoint localization by the maximum and 

minimum values of the image obtained from the DOG process 

are determined by 8 neighbors [30] on the same layer as the 

point considered, and 9 on the upper level and nine on the 

lower level adjacent to the layer. 

3.3.3 Orientation assignment to find the size and direction 

of the gradient ( Gradient)  around the key point in order to 

direct the key point using the eq. (5). 

 

(",, :& '  √""9",, :& - 1, :& ? 9", ? 1, :&&3 "9",, : - 1& ? 9",, : ? 1&&3 
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

 

 *",, :& ' GHI9;""9",, :& - 1& ? 9",, : ? 1&&/"9", - 1, :& ? 9", ? 1, :&&&     (5) 

 

 where (",, :&   is the size of the gradient. 

          *",, :&   is the direction of key point 

 

3.3.4 Keypoint desciptor by finding the size of the gradient 

and the direction around the key point, then creating a 16x16 

windows around the key point and then generating eight 

orientation histograms in each sub area.  So we get a 

characteristic vector unique to each key point that is equal to 

128 data [31]. 

3.3.4.1 The face images are compared with the face images 

in the database for data matching completed and bring the 

results to the monitor.  LCD shows whether the face image 

shows the face according to the mood in the database or not. 
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Evaluation 
The evaluation for the validity of our work is a statistical 

of emphasis on accuracy rate and comparative analysis of 

recognition performance.  In the analysis of the accuracy, a 

image- to- image method is used to verify the meaning of the 

target with the real meaning derived from translations by 

professionals relevant to the content of each respective 

document.  Then all the correct converted target images are 

collected to calculate the percentage of accuracy in the 

interpretation of each document with the formula [32] as the 

following eq. (6). 

 

1JJ.HJ: .HG) '  
KLMNOP QR STUVVWRWOX SQPPOYZT[

\TT QR STUVVWRWOX
] 100%     (6) 

 

IV. EXPERIMENTAL AND RESULTS 

This paper conducted to test the ability to recognize a 

person's emotions. The results were obtained from the testing 

of the sample dataset to collect data for the color, area and eye 

size as.  

A. Results of individual's emotion feature 

 Eigen Face with SIFT, LBP and Fisiher techniques, which 

results from each of these algorithms. We will use image data 

obtained from install a webcam.  It is a collection of real 

images from 10 persons, each 10 images, and then the images 

obtained will be processed for the accuracy of determining the 

characteristics of human emotions. 
 

 

Fig.9. The results of detecting faces and 

emotions of the system. 

TABLE    I.     A COMPARISON OF EIGEN FACE AND SIFT, LBP AND FISIHER. 

Method Person 1 Person 2 Person 3 Accuracy  
(%) 

Eigen face 

& SIFT 

94.00% 93.00% 95.00% 94% 

LBP 90.00% 88.00% 89.00% 89% 

Fisiher 74.00% 78.00% 72% 74.66% 

 

The experiment the dominant characteristics of the 

individual emotions in different ways of all 10 individuals, 10 

images were found that Eigen Face and SIFT technique had 

the most accurate results. 

B. System test results. 
The results of multiple angles, such as a straight face, a 45-

degree tilted face, and a 90-degree tilted face, the test was 

divided into two parts and total of 100 times in each part as 

follows. 

TABLE  II. THE RESULTS OF EMOTION DETECTION WITH BRIGHTNESS  

Degree and Distance 
Accuracy  (%) 

Normal 
Light 

Low 
Light 

Straight face at a distance of 30 cm. 87 72 

Straight face at a distance of 50 cm. 80 0 

Side face  45-degree at a distance of 

30 cm. 

75 67 

Side face  45-degree at a distance of 

50 cm. 

70 0 

Side face  90-degree at a distance of 

30 cm. 

43 35 

Side face  90-degree at a distance of 

50 cm. 

0 0 

 

  In our work, the human face recognition system has been 

developed to indicate the emotions expressed through the 

faces for use with public transport. It can detect emotions from 

human faces using various image processing technologies. 

Evaluation of the performance of the developed system can be 

put into practice and accurate face recognition. 

V. CONCLUSION 

From our work, it was found that there were still problems 

among passengers who were satisfied with the public transport 

service. Therefore, to increase efficiency, improve and reduce 

defects from service.  The image processing techniques were 

applied in the work by designing and developing a face 

detection system for using Eigen face and SIFT matching 

technique, development language is Python 3 and library used 

is OpenCV to detect a person's face and alert the Department 

of Transportation.  According to the objectives and scope set 

this will show the results of detecting a person's face through 

the web cam and give an alert to the LCD display screen and 

can also clearly distinguish the emotions of people with facial 

expressions. The system can work accurately and precisely to 

detect the faces of people who express emotions. Detecting a 

face in constant light accounted for 90 %t of the face detection 

tilted 45-degrees with constant light accounted for 79 % and 

constant-light 90-degree tilted face detection. For 55 %, but 

still found that the system still has errors in detecting human 

faces There are certain faces that the system will not be able 

to identify with a person's emotions. This error may be due to 

the fact that the person's face is too tilted, which may make the 

face appear unclear or there is insufficient light in the area, 

and this system can be used to immediately reduce the 

problem of solving the satisfaction of the public bus service, 

and the system can be applied to the driver to see the 

characteristics. 

However, the Eigen Face method has its limitations 

Obscuring the face of a person Here it is the masking of a 

person's face, which the system can detect accurately only if 

that person's face must not be obscured by an object, for 

example, that person must not wear a hat or sunglasses in 

order to detect the face and express emotions of that person 

but if the person is wearing a hat or wearing sunglasses This 
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will make the system unable to detect the person's face and 

express their emotions. Facial features of a person, the system 

will detect a person's face with a clear angle, such as a straight 

face, 4 5 -degree tilted face, and a 9 0 -degree that is, if the 

person has an excessively tilted detection face. This may result 

in the system being unable to detect the person's face, or if the 

person's face was captured, the system's accuracy in 

expressing emotions decreased. 
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Abstract—This paper proposes a novel method for the 
image classification of forage plants in fabaceae family 
by using Scale Invariant Feature Transform (SIFT) 
method. The color image extension jpeg color mode 
RGB adjust the image to 1000x1000 pixels to get a single 
image of the template file. All of the sample images, four 
prototype images were standard scaled and rotated. The 
image was obtained through the image extraction 
process using SIFT implements and matching dataset of 
Forage Plants leaves with matching points to evaluate 
the accuracy of flea leaf identification, it was found that 
Senna siamea, Clitoria ternatea and Pithecellobium 
dulce leaves 100% accuracy but Sesbania grandiflora 
Desv was obtained with 0% accuracy. The total 
accuracy of all 4 plants 75%, indicated that the 
photosynthesis of SIFT leaves was suitable for Senna 
siamea, Clitoria ternatea and Pithecellobium dulce 
Because it is 100% accurate, but not with Sesbania 
grandiflora Desv leaves. The accuracy is 0% because 
the leaves are dark green. The leaves are not clear. And 
the leaves are slender, evenly spaced leaves, which 
makes it a very rare feature. While Senna siamea, 
Clitoria ternatea and Pithecellobium dulce leaves are 
clear. Leaf edge is unique. Include appropriate 
techniques for recognition and classification. 

Keywords-Image Classification; Image Classification; 
Forage Leaf; SIFT;   

I.  INTRODUCTION  
In present, a pattern of animal raising has 

developed to become at an industry level. The main 
cost of animal raising covers animal feeds at 70 
percent [1],[2]. In raising ruminants including beef 
cattle, dairy cattle, buffaloes, goats, sheep, deer and 
rabbits, forage plants are considered to be main feeds 
for such animals [3]. 

Each forage plant is adaptable, growing and giving 
effective production under different environment [2], 
[4], for example, areas, soil fertility and climate 
conditions, including temperature, light range, 
humidity, volume and distribution of rain to grow 
fruitful forage plants, it is necessary to consider types 
of Gramineae or Fabaceae to select suitable type for 

certain area and to consider its benefits such as forage 
plants for grazing, fresh forage grass for animal 
feeding or preserved or dried grass and silage. Each 
forage plant is suitable for different usage [5]. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Show the sample of forage plants. 

Forage plants contain different nutrients and 
limitations on usage [6]. Some forage plants have 
limitations on usage including toxicity, nutrient 
inhibitors and growing [4] – [7]. In addition, some 
forage plants are similar so it is difficult to classify 
forage plants accurately. Therefore, classification of 
forage plants is very important.  

Image classification is a statistical processing to 
classify all composing image point of a study site into 
subgroups [8]-[10], using statistical features to 
determine the differences among image point groups. 
The image points in the same group contain the 
statistical features in the same orientation [11]. 

SIFT is a method in computer vision to calculate 
keypoints in an image and to calculate features of key 
point [12].  SIFT uses a keypoint, not depending on 
scale, orientation, position, viewpoint, brightness, 
shadow to compare with other key points in an image, 
which is easy and accurate [13]. This method was 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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developed by Professor David Lowe of British 
Columbia in 1999. In general, a keypoint means a 
pixel in an image with Two -Dimensional change of 
Pixel Intensity around the key point to analyze an 
image using SIFT to localize a keypoint applies 
repeated octave [14]. The number of key points and 
positions change the number of octaves for suitable 
key point requires a test of such key point [15]. It 
randomly identifies the number of octaves of analysts, 
leading to delay or unsuitable key points [15]-[17]. 
Therefore, the researcher is interested in developing 
classification techniques for forages by localizing key 
points, using SIFT, which is very similar to forage 
classification performed by specialists. 

In this paper, we divided aspects and sequenced 
the presentation as follows. The second topic 
addresses related related work. Third we describe 
about our process research methodology. The 4th 
discusses research results and conclusion. The last 
topic addresses the research discussion. 

II. RELATED WORKS  

A. Forage 
Forage refers to any plants that animal eat and 

contributes benefit to them without toxicity [18]. It 
consists of two families including Gramineae such as 
grass, millet, corn, etc. and Fabaceae such as 
Centosema pubescens [19],  

A leave of Gramineae Family consists of a leaf 
sheath which both sides overlap to tightly support the 
trunk, and leaf blade or lamina [20]. Leaves of 
Gramineae Family have longitudinal parallel vein. A 
lamina is small and narrow, yet it very long, compared 
to the leave width. It looks similar to a spear. A leaf 
base is wider than other parts. A leaf surface is smooth 
or rough [19]. A connecting part between the lamina 
and the internal leaf sheath has thin tissue called 
ligule. It has different patterns. On each side of 
Gramineae leave has one auricle [21]. The lamina 
functions as a common leave such as photosynthesis 
and dehydration. In addition, it protects and helps 
sprouting. The ligule of each Gramineae has 
individual feature which can be used for Gramineae 
classification. The ligule is a thin white or brown 
tissue. Some ligules have hair around the edge or do 
not have hair with smooth edge [19],[20]. 

A leaf of Fabaceae Family is an alternate 
compound leaf [22]. Each leaf consists of a petiole. 
On the petiole has several leaflets. A size and a shape 
are different, depending on types of plants. A petiole 
of leaflet is called petiolule and a petiole between 
petiolule of each leaflet is called rachis [23]. There is a 
stipule at a leaf base. The special feature of leaflet is a 
leaflet base. Each petiole is large, which is called 
pulvinus. Sometimes, a leaf may change to climbing 
tendril. The leaf of Fabaceae Family usually has 3 
leaflets. 

B. Feature extraction 
It is a process of localizing key points of an image 

to use as representatives of such image. To translate a 

color image, 3 types of data consisting of the 
followings are applied. 1) Spectral data is an average 
of tone change within different frequencies. 2) 
Textural data is spatial distribution of tone change 
within frequency range. 3) Contextual data is a result 
of image processing. The difference between tone 
frequency data and textural data is frequency data, 
focusing on identifying grey value of key points. The 
textural data focuses on distribution of grey tone 
across the image [24]. The method of identifying 
features are various as follows. (1) Edge Detection is 
used for identifying the edge of object and patterns of 
the image. The advantage is that it shows differences 
of image effectively. It is widely used with the sample 
with different shapes and contains fewer details. The 
disadvantage is that it is difficult to perform effective 
threshold and it also depends on details of an object 
[25],[26]. (2) Unwrap image is a method of copy an 
image by identifying a center of rotation point. Then, 
it is spread as a sheet to retain suitable features for 
circular object [27] through the use of Histogram 
Graph to use this method, it is not necessary to change 
an image into grey-colored image because each RGB 
value is collected and used as features. (3) Rotation 
Invariance is a change of orientations in positioning an 
image and collect features in each orientation to make 
a comparison. (4) Area identification within an object 
based on different types of images such as Ripple 
Feature, Vein Feature is to determine suitable 
threshold for edge detection or pixel. This method is 
suitable for an object with different physical features 
such as a leaf. 

C. Scale Invariant Feature Transform (SIFT) 
It is used to localizing key points of an image, not 

depending on its size or orientations of objects in the 
image. The outstanding features of the similar objects 
are similar. It is therefore often used to match objects 
from two images containing the same objects. It is 
widely studied to improve performance in recognition 
or classification of objects in an image. The key 
processes include feature detection and key point 
matching, which is effective and fast recognizing 
[28]. SIFT is applied to analyze key points of an 
image. The key points of the image of the similar 
objects contain similar features. SIFT consists of 4 
main processes [32] as follows. 

• Scale-space extrema detection 

Localizing keypoints of an image, not 
depending on size or orientation, by blurring the 
image through gaussian function of each octave. Each 
octave contains different levels of blurring, starting 
from normal blurring level to increasing level of σ 
(scale parameter). This results in more blurred image. 
It is continually repeated. The image size of the next 
octave is half of the image size of the first octave. 

 
L is an image blurred, G is gaussian filter with 

σ, I is an original image x,y is an coordinate on the 
image, σ is a variable of blurring level; the higher the 

(1) 
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level is, the more blurred the image will become, * is 
an image convolution I, using gaussian blur G. 

•  Keypoint localization 

Scale-space extrema detection results in keypoint 
localization [29]. It matches images of each octave 
and determine Difference of Gaussian (DoG). All 
images in each octave are performed. 

 

 
Keypoint localization [30] considers the 

maximum value and the minimum value of the image 
retrieved from DOG, considering 8 points at the same 
layer of the considering point, 9 points at the top layer 
and another 9 points at the low layer next to the 
considering point. As shown in Fig 3, if the 
considering point contains the maximum value and the 
minimum value, such point is localized as a keypoint. 
If the keypoint contains the difference of low contrast 
or if the keypoint is the edge, such keypoint is deleted. 

 

Fig. 2. Identification of difference of gaussian of each octave. 

 

Fig. 3. Shows X which is a reference point, comparing the  
surrounding 26 points. 

• Orientation assignment 

Procedures of size and orientation assignment 
of Gradient around the keypoint in order to determine 
size m(x,y) and orientation θ(x,y) of keypoint applies 
the following equation [31]. 

 

 
•  Keypoint descriptor 

A 16x16 window (window is the area to collect 
data of orientation with the size of 1.5*σ) around 
keypoint is created [32]. 16 sets of 4x4 windows are 
created. Each set calculates sizes and orientations of 
gradient to create a 8-bin histogram (x axis is divided 
into 8 ranges, each range is 45 degrees). The size of a 
histogram depends on the size*weight (distance from 
the keypoint). Therefore, when the calculation is 
finished, the outcome is 4x4x8 = 128. It is normalized 
and is used as a feature vector of each keypoint as 
shown in Fig 4. 

 

 

Fig.4. Show keypoints of an image. 

S. Lavania and P. S. Matey [33] proposed feature 
detection using SIFT for leaves of local herbs. 
Performance measurement of feature detection was 
performed using images of 3 types of local herbal 
leaves including moringa leaves, mint leaves and 
centella asiatica leaves. According test and 
performance measurement by finding F-measure 
values, the test sample that had the best feature 
detection was the 3rd test sample (centella asiatica 
leaves) with the F-measure value of 60.0 %. The 
average of all test sample consisted of the F-measure 
value, the Precision value (P) and the Recall value (R) 
at 67.0%, 69.0% and 63.0% respectively. 

A. A. Bharate and M. S. Shirdhonkar [34] 
proposed the rapid recognition to classify grape’s 
leaves using SVM and vector features with high 
dimension. The researchers studied feature extraction 
from documents and research studies proposing 
methods and processes of rapid and accurate feature 
extraction. The followings are proposed by the 
researcher; Shape Description, Invariant Moment, 
Border Description, Color Description (Centroid 
Radii) and Texture Feature. After that, the extracted 
features were processed together, resulting in highly 
accurate outcome for recognition. When compared to 
outcomes of other studies, the outcome was highly 
accurate at 99% when performing Linear SVM and at 

(2) 

(3) 
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98.8% on Radiant Basis Function and Support Vector 
Machine. 

  Z. Long, M. Xiaoyu, L. Zhigang and L. Yong, 
[35] proposed feature extraction of tobacco leaves in 
the image processing and signal conference 2008. 
They employed several techniques to solve problems 
of feature extraction and analyze tobacco leaves 
including Color Features, Shape Features and Texture 
Features. GLCM (Grey-Level scale Co-occurrence 
Matrix was employed to extract texture features. The 
statistical data of GLCM including Texture Energy, 
Texture Entropy and Contrast value were included to 
the calculation. It was concluded that the data of 
feature extraction could be used to develop automatic 
machines that classify tobacco leaves. 

T. Yingthawornsuk, N. Chumuang and M. 
Ketcham [36] proposed an automatic Thai baht coin 
calculation system using image processing technique. 
The results showed that the system could classify and 
calculate the total value of coins, which is very useful 
for visual impaired persons. The system employed an 
image processing technique for coin detection and 
SIFT algorithm was employed to classify groups and 
sound matching. The experiment was performed with 
4 common Thai baht coins. They designed different 
cases. Each case contained different coins, ranging 
from the total number of 5 baht to 40 baht. The 
accuracy rate was 99%. 

III. RESEARCH METHODOLOGY 

The research methodology was divided into 2 
steps including preprocessing, feature extraction and 
matching. The experiment was performed with images 
of 4 forages as show in Fig 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The overview process work. 

A. Preprocessing  
Four types of forages were selected including 

Agasta, butterfly pea, manila tamarind and cassia. The 
leaves of the selected forages were captured by a 

digital camera. The leaves were placed on white 
paper. The images were in JPG in RGB mode. The 
size was 1000x1000 pixel with the resolution of 72 
pixel/inch. The background was deleted to create an 
original image of each leave. 

The testing image was created by placing leaves of 
4 forages together. Among the 4 testing images, there 
was 1 original image, which was reduced its size and 
rotated. 

B. Feature Extraction 
The created images were extracted their features, 

using Scale invariant feature transform or SIFT 

C. Matching 
Images of forage leaves with the same keypoints 

were matched. 

D. Evaluation 
Accuracy of forage leave recognition was 

evaluated as eq (4). The percentages of accuracy for 
each type and of the total accuracy were calculated. 
The following eq (5) was applied. 
 
 

 

     where O is number of certain forage leave giving 
accurate outcome, C is number of leave forage leave. 

 

 
where TO is total number of certain forage leave 

giving accurate outcome, C is total number of leave 
forage leave.  

IV. EXPERIMENTAL AND RESULTS 

To conduct image classification of 4 Fabaceae 
forage leaves including Agasta, butterfly pea, manila 
tamarind and cassia using SIFT, the researcher 
conducted the experiment using matlab program. The 
results showed that cassia leaves (Figure 5), butterfly 
pea leaves (Figure 6) and manila tamarind (Figure 7) 
yielded the accuracy of 100% while Agasta leaves 
yielded the accuracy of 0 % (Figure 9). The total 
accuracy was at 75% as shown in Table I. 

TABLE I.  EVALUATION OF RECOGNITION ACCURACY OF 
FORAGE LEAVES THROUGH THE MATCHING OF SIFT 

Types of forage leave % of accuracy 
Cassia 100 
Butterfly pea 100 
Manila tamarind 100 
Agasta 0 
% total accuracy 75 

Input image 

Scale-space 
extrema 

Keypoints 
localization 

Orientation 
assignment 

Keypoints 
descriptor 
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Fig. 6. Show the result as a1) Cassia leave model ,  a2) image 
dataset , a3) the results of classification and matching using SIFT. 

  
          b1)                   b2)                                    b3) 

Fig. 7. Show the result as  b1) Butterfly pea leave model, b2) Test 
image and b3) the results of classification and matching using 
SIFT. 

     
          c1)                  c2)                                  c3) 

Fig. 8. Show the result as c1) Manila tamarind leave model, c2) 
Test image and c3) the results of classification and matching using 
SIFT  

           

 

   

 

          d1)                         d2)                                   d3) 

Fig. 9. Show the result as d1) Agasta leave model,  d2) Test image,  
d3) the results of keypoint localization using SIFT and matching 
results 

The results showed that image classification of 
Fabaceae forage leaves could classify cassia leaves, 

butterfly pea leaves and manila tamarind leaves 
accurately. However, it could not classify Agasta 
leaves because the color of Agasta leaves is dark 
green. The leave is long with unclear and fewer 
patterns. The edge is not outstanding. This is totally 
different from cassia leaves, butterfly pea leaves and 
manila tamarind leaves, which are bright with clear 
patterns and outstanding edge. 

V. CONCLUSION 
It could be conclusion that image classification of 

4 Fabaceae forage leaves including Agasta, butterfly 
pea, manila tamarind and cassia using SIFT is suitable 
for cassia, butterfly pea and manila tamarind as it 
yielded 100% of accuracy. However, it is not suitable 
for Agasta leaves.  

Recognition and classification of Fabaceae forage 
leaves which are the important protein sources for 
ruminants such as beef cattle, dairy cattle, goats and 
sheep is essential to development of animal feed 
information system. If agriculturists could classify and 
recognize nutrients, how to use them for animal feeds, 
they can manage animal feeds effectively. Collecting 
forage leaves to create a data set requires complete 
and mature leaves without leave diseases, causing 
spots on the leaves. Furthermore, an investigation of 
age and types of Fabaceae forage as well as suitable 
techniques for recognition and classification shall be 
further studied. 
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Abstract— Currently, the problem of global warming is 
increasing heat illness called Heat Stroke disease, body core 
temperature has risen over 41 Celsius, affected to central 
nervous system failure and death cased. This research 
proposed A Development Heat Stroke Detection System 
Integrated with Infrared Camera to detect people with body 
temperatures above 39 degrees Celsius or people who are at risk 
of heat stroke. The experiment with sample group’s photo 
result show that system able to diagnosis Human Body detection 
accuracy rate 90 % Temperature measurement 60 % Heat 
Stroke detected notification 100 % and responsive time 60 % 
total accuracy validation method summarized 77.5 percent. This 
study is collect a satisfaction measurement about Visualize, 
Usage and Contribution from program expertise with good 
satisfaction result. The work can be invention to screen people 
outdoor activities who have heat stroke’s risk for first aid 
assistant. 

Keywords— Heat stroke, Infrared camera, Image processing, 
Body temperature 

I. INTRODUCTION  
Climate change is a major global problem and hot weather 

problem related to Heat illness symptom able to cause death which 
dividing as dangerous level such as Heat Exhaustion or Heat Stroke 
[3],[8]. Previous work, Detecting humans in image is a challenging 
task owing to their variable appearance and the wide rage of poses 
that can adopt especially human body heat detection need to improve 
performance for diagnosis crowed in public with short-time 

         
       

            
            

          
           

 

II. LITERATURE REVIEW 

A. Heat stroke 
Heat Stroke is emergency symptom  [3] [8] caused by the body 

cannot release body temperature. Most of patients will have 3 pattern 
1) high fever 40 ºC 2) no sweating and 3) the central nervous system 
malfunctioning such as fainting, restlessness, aggressive behavior, 
hallucinations, depression, staggering, unconsciousness, etc. 

 Normally, the body has a mechanism to adjust the body 
temperature to around 37 degrees Celsius or 98.6 degrees Fahrenheit. 
Over time, if the body has accumulated a lot of heat, such as 
metabolism, muscle movement the body will eliminate heat from the 
body by radiation, which is to distribute heat from the body to the 
surrounding air cooler body but if the outside air is hotter than 35 
degrees celsius or hotter than body temperature. 

 

 
 

Figure 1 Body temperature and body heat transfer 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE

responsive.[6] This research aim to develop Heat Stroke Detection 
System Integrated with Infrared Camera advocated effective 
detection people at risk of heat stroke and notification alert to 
officer according to a remote monitoring system called smart 
camera with a wireless transmission [ 1] and a facial verification 
by analyzing thermal data from different organs of the human 
face [2] concept model.
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The cause of heat illness [8] is caused by exposure to hot weather 
such as the occurrence of heat waves greater than 3 9 . 2  degrees 
Celsius (1 0 2 . 5  degrees Fahrenheit) for more than 3  days 
consecutively. Heat-borne diseases include young children, people 
over 65 years old, obese people, people with chronic diseases such as 
heart disease, diabetes, toxic goiter, Parkinson's disease, People who 
take certain medications that block the mechanism for the elimination 
of heat from the body (such as antipsychotic, antihistamines, anti-
colic drugs), people who drink alcohol or Cocaine users or 
amphetamine (amphetamines) or from exercise or laboring heavily in 
hot and humid weather or in a closed, hot room causing the body to 
produce more heat than can be eliminated. Is a common cause among 
young people with strong bodies such as athletes, military workers 
etc. 

 

B. Human Detection 
Detection of people using image processing technology (Image 

Processing) [4 ] , [5 ] , [6 ] .  The working principle is separation of 
personal characteristics the object of interest background with the 
object not interested which has the algorithm need to be detected. The 
Histogram of Oriented for Human Detection has the following 
sequence of operations. 

 
Figure 2 Histogram of Oriented for Human Detection steps 

 
Figure 3 Histogram of Oriented for Human Detection sample 

C. Infrared Camera 
Infrared Camera or Thermography able to  generate images from 

infrared radiation comparative with an ordinary camera, different 
from an ordinary camera. Imaging of visible light with wavelengths 
in the range of 450–750 nm are used, but thermal imaging camera 
work with electromagnetic waves at a wavelength of approximately 
14000 nm, which are not visible to the naked eye. Also known as the 
heat wave in theory, a thermal imaging camera has a temperature 
range from temperatures above zero degrees completely. In practice, 
however, the operating range of the measuring instrument depends 
on the technology used to make the device, as well as the wavelength 
range chosen by the manufacturer. Some thermal imaging cameras 
can now measure temperatures as low as -20 °. C [2], [7]  

 

 

 

 

 

 
Figure 4 Infrared camera vision 

III. METHODOLOGY 

A. Study and analysis solutions 
Study and analysis solution is a step of understanding how to 

identified heat stroke people with temperature measurement 
equipment such as a thermometer that only use time by time and 
limited to check multiple people at once. At present, the Army 
Medical Department has recommended the use of a thermometer in 
the armpit, which is easy to measure but the obstacles, while 
measuring body temperature using mercury, cannot always be 
measured requires a period of 2-3 minutes with hundreds of soldiers. 
While the heat build-up in the body is like a time bomb that can cause 
heat stroke all the time. The purpose of research have an idea of the 
application of image processing techniques and use a camera that can 
capture images in infrared spectrum to detect people at risk of heat 
stroke so that they can early find people at risk of heat stroke quickly 
and efficiently. This research will allow people who do activities in 
the sun or places with extremely high temperatures, such as soldiers, 
troops, or other operators. Safe from pain and death from heat stroke 
(heat stroke). 

B. System design 
The step of system design have dividing in 2 part, type of camera 

and system detail below :  
Type of camera  

• Infrared Camera  
• Visible Camera  

 
A Infrared Camera deploy vision input to system analysis for 

thermography image and Visible camera captured ordinary image. 
The images from both cameras are sent to the server where the image 
data is stored and transferred to the Python Script, which has 
algorithms for image quality, slice detection and color value to alert 
the person to the information in the Database and data stored where 
users can access the information stored by Web Browser (Bootstrap 
Platform) via the Internet on various devices such as Smart Phone, 
Laptop or Tablet etc. 

The Flowchart of Python Script in a system to detect people at 
risk of heat stroke using infrared cameras and image processing. 
Starting with quality improvement It is then a process to detect people 
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(Human Detection) and will take the color from the images that detect 
them. Compare the values in the temperature mapping table to get the 
temperature of that person if they match the table. Will show the 
person's temperature value to the display screen and if the 
temperature exceeds the set (Risk of heat stroke) will alert the user 
that a person is at risk of heat stroke. But if the corresponding color 
value in the color-temperature comparison table cannot be found, the 
"Error Mapping Temperature" value will be displayed. 

 
 

 
Figure 5 Overall system design 

 

 
 

Figure 6 Python Script decision model for heat stroke detection 

 
 

 
Figure 7 Monitor Display 

 
C. System development 

The system to detect people at risk of heat stroke using infrared 
cameras and image processing, the image analysis algorithm is 
located in Python Script, which starts from receiving the image from 
the camera which receives the image. Comes from both cameras as 
the received image is less sharp and noise Therefore, it is necessary 
to adjust the quality of the received image to be clear, improving the 
quality of that image according to Figure 8. 

 
Figure 8 Infrared Camera output 
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Figure 9 Quality image processing  

 
After that, the image is submitted to the human detection process 

by using the Histogram of Oriented for Human Detection, the results 
will be shown in Figure 10. 

 
Figure 10 A results after entering the human detection process 

According to heat stroke symptom a core temperatures ( chest, 
abdomen, or rectum) [3] must be over than 41 ºC. The experiment 
selected a image’s  center or abdominal area for comparison 
temperature value. If it is less than the set temperature of risk, the 
program evaluated “normal temperature condition”. In case of 
temperature between 39 ºC to 41 ºC, the program will evaluated “high 
temperature condition” then show output as heat stroke risk and store 
data in database. 

Table 1 Heat_Stroke Data table   

No. Filed name Data type& 
Data size 

Description Key 

1 Id Int(11) Identity 
number 

PK 

2 Im_visible varchar(300) Digital image  

3 Im_Infrared varchar(300) Infrared 
image 

 

4 Date_time Datetime Date&time  

5 Temperature Float(11) Temperature  

6 Status Int(11) 1= Normal 

2=  
Heat stroke 
risk 

 

 
The display is developed in the form of Web Application 

developed using Bootstrap, JSP, HTML, Javascript, Ajax and Jquery, 
which can be accessed via the Internet on various devices such as 
Smart Phone, Laptop or Tablet, etc., in which the screen has The 
results are in 4 parts as follows: In Section (1) it will be a picture of 
a person whose data has been analyzed by the program. This section 
retrieves information from the "im_visible" field. Later, part (2) 
shows the temperature value, which is extracted from the 
"temperature" field. It can be viewed in degrees Celsius or degrees 
Fahrenheit. Section (3) is the analytical part in which the analysis 
results It can be obtained from the "status" field where the value 1 is 
equal to "normal" and the value 2 is equal to. Finally, in Section (4) 
Runtime, this section displays all information and updates 
automatically (Real-Time) when there is information on a person at 
risk of heat stroke (Heat Stroke). Will be red and a notification sound 
will sound to alert you. And users can check the data on detection of 
persons at risk of heat stroke (heat stroke) retrospectively, the final 
result will be as in Figure 12. 

 
Figure 11 Result Display 

 
Figure 12 Final Result Display 

IV. RESULT 

A. Performance validation 
A Development Heat Stroke Detection System Integrated with 

Infrared Camera is a human heat detection system for prediction heat 
stroke sickness. The experiment shows result from sample 100 
images  from the Infrared camera and system detected abnormal 
condition which is temperature between 39 ºC to 41 ºC and display 
result accuracy 77.5% as detail shown in table 2. 
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Table 2 Validation accuracy  

Validation method Accuracy (%) 

Human body detection 90 

Temperature measurement 60 

Notification when heat stroke is detected 100 

Respond time 60 

summarized 77.5 

 

B. Satisfaction measurement 
The Development Heat Stroke Detection System Integrated with 

Infrared Camera satisfaction assessment divided into 5 levels which 
is based on Likert Scale method. The questionnaires were validated 
for the conformity of the questions to measurement objectives (IOC) 
with the program development expertise. 

Table 3 The Development Heat Stroke Detection System 
Integrated with Infrared Camera satisfaction assessment 

Measurement list Satisfaction level 

X S.D. Result 

Visualize 4.27 0.43 Good 

Usage 4.25 0.42 Good 

contribution 4.40 0.56 Good 

Summary 4.32 0.42 Good 

 

V. CONCLUSION 
The system for detecting people at risk of heat stroke using 

infrared cameras and image processing. They can be used to quickly 
and effectively detect and alert people who are at risk of heat stroke. 
The results from 100 photos and images taken from thermal imaging 
cameras to be tested for use with the system were found The system 
for detecting people at risk of heat stroke by using infrared cameras 
and image processing was accurate to 77.5% and the system could be 
enabled for a variety of applications due to the development of a 
display in the form of Web Application. Make the evaluation results 
of satisfaction in using the system at a good level Yes, with the mean 
overall satisfaction at 4.45 and standard deviation (SD) of 0.42 

 

VI. DISCUSSION 
The Development Heat Stroke Detection System Integrated with 

Infrared Camera can be used to quickly and effectively detect and 
alert people who are at risk of heat stroke. In order to bring the patient 
to first aid promptly Before it can be dangerous Which makes it safe 
for doing outdoor activities or at high temperatures Additionally, the 
system detects people at risk of heat stroke using infrared cameras 
and image processing that detects a person's body temperature. Then 
alert Therefore can be applied to other diseases Regarding body 
temperature, people at risk of heat stroke are detected using infrared 
cameras and image processing. It helps detect all people caught by 
the camera to be at risk of heat stroke, however, there are certain 
groups of people at greater risk than others. For example, young 
children, older people, obese people, people with chronic diseases, or 
people who have had heat stroke before have the right to heat stroke 
more than others. This research may study face recognition 
techniques in order to obtain priorities. Make these groups a top risk 
person to be extra careful with. To increase the safety of people who 
have to do activities in the heat even more. 
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Abstract— This research objective is to increase the 
efficiency of financial document auditing process for 
reimbursement by using Optical Character Recognition 
(OCR) and Ontology. On the researched system, user can use 
the system for checking completeness of document 
completeness, in accordance with the disbursement 
accounting standards, with digital photo after paid 
immediately. In the past it took more than a week to submit 
the evidence and make an account disbursement document. 
This research can reduce the time since the occurrence of the 
program. (Transaction) up to the creation of documents with 
more than 50% disbursement. 

Keywords— Reimbursement, OCR on receipt, Financial 
document checking process, Ontology 

I. INTRODUCTION 
Nowadays, information technology in the accounting 

process and financial process are increase instead of using 
paper or books that helps manage accounting, finance, and 
processing for reporting.  

The cash payment in each organization need the 
document for accounting records submission in each 
transaction. But checking financial documents process 
before accounting records submission rely on accounting 
staff, which may cause delays, errors, and lose the 
document. According to the Revenue Department, 
accounting records should have accurate and complete 
supporting documents for tax purposes [1]. Revenue 
Department will call for the evidence of payment if 
incomplete accounting document were sent,  that may 
impact to the financial system in company.  

If that offense is to avoid or fraudulent from 10 million 
baht per year tax up, or tax refunds by fraud of 2 million 
baht per year or more These are the basic offenses under the 
money laundering law. Under the Revenue Code Section 37 
term, which specifies offenses that fall within the scope of 
money laundering law in 3 sections, namely Section 37, 
Section 37 Bis and Section 90/4 [2] 

This research objective is to increase the efficiency of 
financial document auditing process for reimbursement by 

apply optical character recognition (OCR) and ontology. 
users can take a photo of the receipt via the mobile phone 
camera after making payment immediately. The system will 
check the completeness and accuracy of the information on 
documents according to the standard accounting principles 
for disbursement Which in the past had to take More than a 
week to submit evidence and make an account disbursement 
document This research can reduce the time since the 
occurrence of the program. (Transaction) up to the creation 
of documents with more than 50% disbursement 

 
Fig. 1. Disbursement process with text recognition (OCR) on financial 

documents 

 

II. LITERATURE REVIEW 

A. Criteria for the preparation of accounting documents 
that can be taxable 
In the case of actual expenses paid but the recipient does 

not have evidence Accepting sufficient funds to account the 
business [1], can prepare supporting documents for 
accounting. with details as follows 

• Document the receipt of the payee.  
• Invoice or receipt showing the name, eg electricity 

or water bill, but the entity has evidence to prove that 
is company payment. 

• Prepare payment vouchers for use in cases where 
there is no evidence as above. 

 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE



105

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

B. Principles of petty cash disbursement 
Petty Cash Book [1] used for the trading business. 

product or services that tend to have issues with cash-related 
oversight especially cash, bank notes and coins. Each day 
usually has an expense of trade items with a small amount 
of money that usually cash payment than cash checks. The 
low-cost expense is hardly to receive the document in every 
transaction. an organization should record the transaction 
with a small amount of money in a small passbook to use to 
record the small amount of money received as a check. 

 

C. Optical Character Recognition;OCR 
OCR is the process of converting printed media, such as 

magazines, contracts, into text data. OCR (Optical 
Character Recognition) technology was first applied to 
document management in 1929 by Mr Tausheck [3]. In 
2012 A. Singh, K. Bacchuwar [4] analyzed and compiled 
the application of OCR technology including OCR 
development techniques. OCR may be used in the financial 
even more. In 2015 A. D. Gross, D. G. Neely and J. Sidgman 
[5] describe the trend in using OCR technology that will 
play a significant role in the transition to this digital age. By 
discussing the challenges of applying OCR on information 
systems efficiency and data security. The format of 
documents without explicit forms by applying OCR 
technology. There are many open source applications for 
application development. In 2016 P. Chirag Patel [6] 
Tesseract is an open source development developed by HP 
company. Comparison of efficiency with Transym shows 
that Tesseract gives average accuracy of 71% black and 
white images and 61% color images, but Transym has 
average results at 47% The time it takes to process Tesseract 
takes only 1 second. 

1) Image Pre-Processing 
Pre-processing, is one of the three image processing 

processes [7], to improve image quality before entering the 
character recognition process.  

In 2011, KS Xujun Peng Huaigu Cao [8] evaluate 
image quality from mobile phones before processing into 
the OCR process, because the image quality is count on 
User Experience, and impact the OCR program. 
Optimization OCR can be used for comparison and errors 
prone technique that have three methods including Full-
Reference, No Reference, and Reduced Reference. In 2016 
S. Sharma [9] research on image processing techniques with 
picture from low quality cameras for optimizing OCR. The 
researcher tested the image improvement using De Noising, 
De Blurring, Contrast Enhancement and Regularized Filter 
techniques. The best results are compared between Lucy 
Richardson and Weiner in the Imadjust technique in the step 
contrast adjust in characters images. 

2) Recognition 

This process is the core of OCR that define the 
character in image which have recognition techniques 
include Template Matching, Statistical Approach, 
Structural Analysis, Neural Network. 

 

a) Post-Processing 
 After the recognition process has been completed, 

the characters image sent resulted in a letter code. 

However, the OCR output have accuracy less than 100% in 
every language. With the program accuracy improvement, 
the spell checking, and spell editor were added as post 
processing.M. Alwani [10] adapt a spell check from Google 
which can increase the accuracy to good level. 

3) Ontology 

The ontology in the computer industry is the 
definition of interest, which is always true fact. For 
example, the definition of a person analyzes that the 
components involved by people with two arms, two legs, 
two eyes, male and female, have white, yellow, or black 
skin, aged, family relationships, etc. These data can convert 
into the knowledge of computer. Y. Tijerino [11] applied the 
ontology theory to OCR and built the relationship structure 
on the receipt by creating ORM (Object Oriented Model) 
and domain for each word. In example, the system 
recognizes the word such as “Price” then returned variable 
type is Double (numbers).  

 

III. METHODOLOGY 
This research objective is to improve the financial 

document inspection process for reimbursement by using 
Optical Character Recognition (OCR), ontology and 
mathematical calculations. 

The challenge of the research is low accuracy if using 
only text recognition [9]. The solution to increase the 
accuracy is adding processes PRE-PROCESSING, to 
increase the sharpness of the image, before the recognition 
process phase, and Post-Processing which matching 
keyword in the database. 

A. Document acquisition as training set 
The scope of the research use 2 type of the document 

including cash bill and carbon slip.  The 100 good quality 
documents, which not fade and scratch, and 100 low quality 
documents were gathered. the OCR model has limitation on 
handwrite character recognition and recognize only number 
character, which are taxpayer and price. 

 
Fig. 2. The example of acquisted document 

3.2 Financial document verification process with OCR 
and ONTOLOGY 
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Fig. 3. Framework of financial document verification process with OCR 

1) Image enchancment 
a) Gray Scale 

 The image received in the first step is in the RGB 
color space. Each coordinate image is representing the value 
of R, the value of G and the value of B. In this step, RGB 
image were changed in a grayscale image for reducing 
dimension of image data. 

b) Contrast Enhancement 
 Contrast is the color difference value, In term of 

histogram, the graph has a large color intensity. The original 
numerical image data grouped together in a narrow intensity 
range. The image will get a sharper if spread out a narrow 
intensity. However, the research uses Linear Contrast 
Stretch technique, which extends the range of the original 
data intensity  until the full range 0-255. 

2) Optical character recognition;OCR 
a) Image Binarization 

 The procedure for replacing black in every pixel on 
the image with the concentration !", # <$ (Threshold), and 
replacing with white on every pixel that has more 
concentration than the specified value $. 

b) Image Segmentation 
 The paragraph image was detected as tax line for 

word finding then analysis process to divide the image data, 

which contains a character, into small component that 
known as word chopping. 

 

 
Fig. 4. Word and letter wrapping process 

 
 

Fig. 5. Document pictures that have passed the image segmentation 
process 

The character wrapping process uses the histogram or 
Verticle Projection inspection technique to see the spaces of 
each character. In which the density of the vertical black 
pixel group has the lowest value, density of vertical black 
pixels can be calculated in equation (10) and creating a 
bounding box for the next pairing process, as figure 6 

 %&'( ) ∑ +&', -(./.012
./3  (1) 

 

 
Fig. 6. Character clipping with histogram checking and bounding box 

c) Pattern Matching 
 Character templates are created to compare the 

character images obtained from the image segmentation. To 
measure the similarity of the image and character template, 
key positioning principles were adapted, for distinguish 
between each character, to identify the word.   
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Fig. 7. Image of receipt with character recognition 

 

3) Post-processing of character recognition 
After the result of the character recognition process, 

there may have incorrect words. In this step, this will 
increase the accuracy of the vocabulary as follows; 

a) Ontology 
 According to the structure of financial document, 

there are same element components on receipt or tax invoice 
which revenue department have defined. Such as name of 
establishment, address of establishment, identification 
number of companies, date of document, document ID. 
These details about payment are used to create an ontology 
structure as figure 8. 

 
Fig. 8. Ontology-based automatic receipt accounting system 

 In which the rules and formats of the results can 
created according to the example in Figure 6.

 
Fig. 9. example of the result of price by using the ontology 

b) Comparative the words with the vocabulary 
database. 

Assuming users choose the vocabulary category as 
expenses related to food. The data can be compared to the 
vocabulary by Levenshtein Distance method [12]  

by considering the approximation and the length of the 
vocabulary by using the formula as follows: 
 

 cost = (s[i] == t[j])? 0 : 1  (1) 

 d[i, j] = Min (d[i-1, j]+1 ,d[i, j-1]+1, d[i-1, j-1]+cost) (2) 

Define s as first word and t as second word. after 
acquiring similar terms, the histogram were measured the 
differential by using Character length. If the difference is 
less than 0.5 then the vocabulary will be changed by using 
the equation 

 

4 ) 567 9:;<1=>6 &1,?(
 :=!5&1,?(

 (3) 

Where D is the difference result, Lev Distance (a, b) is 
the difference of Levenshtein Distance of the words a and b, 
Min-L (a, b) is the shortest length of the words a and b. 

 
Fig. 10. Word and vocaulary database matching work diagram 

c) Mathematical and financial calculations principles 
Since the recording of payment documents is not 

necessary to collect details of all paid items thar using only 
the total amount paid. The researcher put the vocabulary in 
category topic relating to amount of money. Mathematical 
calculations get the correct amount from figure 5. There are 
categories relating to the amount of money is product price, 
discount, total, value added tax (VAT), amount paid 
(amount received) and change. According to the equations 
(4), (5), (6) or (7), which designed the calculation logic 
when detected information in the document to select the 
equation as shown in figure 11 to calculate the net amount 
for automatic accounting. 

 Total= Product Price  (4) 

 Total=( Product Price-Discount)  (5)  

 Total=( Product Price-Discount)+vat  (6)  

 Total=Amount Received-Change  (7) 
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Fig. 11. Flowchart of equation selection with multi-cariable 

4) System performance evaluation  
 The system performance is measured by obtain 

results from the character recognition processor on the 
picture that has been quality measured using the following 
equation. 

"##$%&#- '( )'#&*$+&%- ",%%')-,-./ ) 01226>< 3124 
51<16 3124

 (8) 

The researcher will evaluate system performance 
according to 2 types of documents, which are cash bills and 
carbon receipts. The position of character recognition 
improvement 11 area on receipt including date, document 
number, distributor name, dealer tax ID, product name, 
product price, discount, VAT, and total amount. To be able 
to know Efficiency, suitability of the techniques used 

 

IV. RESULT 

A. The result of pattern matching based on OCR 
The result of character recognition still has an error in 

product name and the total expense that can’t be used to 
create disbursement document. There need techniques to 
improve efficiency of OCR which takes into consideration 
the similarity and length of the vocabulary correct as in 
Table 1. 

TABLE I.  VOCABULARY EXAMPLES FROM CHARACTER 
RECOGNITIONUSING LEVENSHTEIN DISTANCE TECHNIQUE. 

# Wording type Ontology result Variance The results of the 
comparison of 

vocabulary 
1 - 23-9-2559 0 23-9-2559 
2 - 0105555149092 0 0105555149092 
3 อาหารและเคร่ืองดืม่ อาหารและเครองดมื 0.5 อาหารและเคร่ืองดืม่ 
4 - 9330.0 0 9330.0 
5 - 9 0 9 

 

B. OCR and pattern matching result 
The evaluation results were obtained from testing with 

200 samples with good quality and bad quality document 
image. The test results show that the system can check cash 
bills with up to 90% accuracy and carbon slip up to 95% 
accuracy. Low quality documents will produce less accurate 

results because the quality of the documents affects the 
accuracy which is effective as in Table 2. The process to 
increase the reimbursement process OCR and 
ONTOLOGY. The financial documents were compared 
with the traditional process that workers must submit the 
actual document for disbursement. The result of OCR and 
Ontology can reduce the time by up to 50%, as shown in 
Table 5. 

TABLE II.  VOCABULARY IMPROVEMENT RESULT FOR BUILDING 
PAYMENT CERTIFICATE FOR DISBURSEMENT 

Document type Accuracy of vocabulary improvement 
Good quality Low quality 

Cash bill 90% 70% 
Carbon Slip 95% 85% 

 

TABLE III.  COMPARATIVE OF BUILDING PAYMENT SLIP FOR 
DISBURSEMENT WITH EXIST PROCESS AND OCR SYSTEM 

Exist process New process 

Disbursement 
procedures 

Time 
(minute) 

Disbursement 
procedures 

Time 
(minute) 

Gather evidence 30 Get a document 
image 

2 

Create document 40 OCR and 
ONTOLOGY 

1 

Prove and cross check 1 day 

approve 1 day approve 1 day 

C. The results of the calculation of the equation to create 
a payment voucher 
The image data was auctioned to select the equation for 

cost calculation according to the conditions specified in the 
document. in the sample data of creating vouchers, when 
processed according to the conceptual framework in figure 
11. the calculated data in equation (4) will cause the total 
amount to become 9330.00 which is correct as in the 
original image, and able to be built disbursement document.  

However, this part of system is unable to recognize the 
information or incomplete information input. Users can 
check and edit before confirming the creation of the voucher 
before sending to the users. 

 

 
Fig. 12. Examples of payment vouchers created after acquiring the 
vocabulary and amount pairs 

 

V. CONCLUSION 
Research results By considering the research objectives 

To develop and increase the process of checking official 
documents Money with a mobile phone for reimbursement 
using character recognition (OCR). In this section, a study 
of possibility of research that Similar to both Thailand and 
overseas, dating back 5-6 years, resulting in data 
Reference in the application of OCR Including 
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improvement techniques Vocabulary quality from character 
recognition To allow the disbursement process The night is 
even more effective. Which the results of the efficiency 
evaluation accurate in creating disbursements, an average of 
85% and 50% less process time. That means time and costs 
About making documents for disbursements actually 
reduced 

The optimization of financial documents inspection 
process with a mobile phone to be used for reimbursement 
as well. Financial accounting is still dependent on humans 
or employees, which may cause delays and errors. From the 
evaluation results The average efficiency on documents is 
85% that shown time and cost associated with making 
documents for disbursements can actually be reduced. 

 

VI. DISCUSSION 
Problems, that mostly encountered in this research, is 

transparent cash bill receipts, which makes it difficult to 
control the quality of the photos. Suggestions from research, 
development and increase efficiency process of checking 
financial documents with a mobile phone for use in 
Reimbursement with character recognition (OCR) may 
increase the scope of the group. More examples in the future 
to increase the variety of preparation reimbursement 
category and has user management in the company 
systematically. 
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Abstract— COVID-19 is a novel pandemic and infected 
COVID-19 people are overgrowing, involving an outbreak that 
is changing lifestyles around the world. A global issue when 
trying to contain the propagation of the illness is how to 
efficiently detect infected people and isolate them. Medical 
image classification is one of the medical screening tools being 
used nowadays. Apart from manual inspection, several 
automatic methods can be applied to exploit artificial 
intelligence, such as Convolutional Neural Networks (CNNs).  
Transfer learning can also be applied to make predictive models 
more effective worldwide, due to the expected small amount of 
COVID-19 chest X-ray images available. In this paper, we 
propose the Voting Ensemble CNNs Transfer Learning to 
recognize the COVID-19 footprint and classify it in a chest X-
ray image. The dataset used for training and evaluation was 
collected from several sources:  COVID-19 image data collection 
and NIH Chest X-ray Dataset of 14 Common Thorax Disease 
Categories. Our voting ensemble comprises CNNs 
architectures: ResNet18, ResNet34, and AlexNet. The results 
illustrate that our model performs with an accuracy of 0.9, recall 
of 0.825, precision of 0.971, and F1 score of 0.892. 

Keywords— coronavirus disease 2019, CXR image, majority 
voting, deep learning, convolutional neural networks. 

I. INTRODUCTION 
The COVID-19 virus outbreak has created chaos around 

the world, impacting the economy, societies, political 
measures, and people's livelihoods. Infected people are 
rapidly growing globally, as shown in Fig. 1. The number of 
cases is 17 million people counted at the end of July 2020. 
Currently, the mortality rate is about 3.90% [1]. However, all 
of us acknowledge that this viral epidemic is more severe, 
rapid, and broader than it has been assessed and has murdered 
too many people around the world [2].  As a result, all frontline 
public health professionals, including public and private 
sector workers worldwide, have worked hard to heal this 
enormous impact. People must harmonize to keep social 
distancing, especially staying at home to stop the transmission 
and infection during this challenging time [3]. In parallel, 
innovations and technologies are identified as useful tools for 
making prevention and treatment more effective against 
COVID-19. These include the automatic inspection of chest 
X-ray images by using image recognition. 

Image classification can become one of the first essential 
mechanisms that hospitals use to screen patients and identify 
people who are being infected with COVID-19 [4]. In addition 
to measuring the temperature, controlling, and tracking the 
data of people at risk of infection, separating COVID-19 from 
pneumonia using medical or X-rays images is an additional 

method of detecting illness. In the laboratory, the genetic 
material of the virus is detected by Reverse Transcription PCR 
(RT PCR), but it may be insufficient because the number of 
reagents is limited to the rapidly increasing number of 
patients. Image classification could support and confirm the 
results from the laboratory, save time, and perform the lab's 
results more accurately [5].   

Deep Learning is a subset of machine learning which 
mimics the function of the human brain to do specific tasks. 
Deep learning could be applied for medical image 
classification, such as lung cancer and pneumonia [6]. 
Convolutional Neural Networks (CNNs) is a well-known 
model for image classification and segmentation [7]. CNNs 
are a class of deep learning that automatically learns the filters 
that humans have to do in traditional algorithms. This paper 
proposes an ensemble approach using CNNs and transfers 
learning to classify COVID-19 infection in X-ray images 
derived from medical image libraries. We modified three 
CNNs architectures, which are ResNet18, ResNet34, and 
AlexNet. These three models are applied in our voting 
ensemble. 

 
This paper's structure is the following: after describing the 

reason for COVID-19 image classification, Section II reviews 
related works. Section III includes the proposed methodology 
with the CNN-based voting ensemble transfer learning. In 
Section IV, we evaluate the proposal discussing the results 
assessing the suitability of the automatic COVID-19 image 
classification. 

This work was supported by the European Commission, through the 
PHARAON project (ref. 857188), and the Spanish Government, through the 
projects ONOFRE-2 (ref. TEC2017-84423-C3-2-P) and Go2Edge (ref. 
RED2018-102585-T). 

 
Fig. 1 Global daily new cases of COVID-19 with 7-day moving average  

  (blue line) from January to July 2020 [1]. 
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II. RELATED WORKS 
 The emergence of the new coronavirus encourages the 
attention of medical image classification research to itself. 
Various researchers proposed methods to define the disease in 
X-Ray images such as A. Abbas et al. proposed Decay 
Transfer and Writing (DeTraC) [8], E. E. Hemdan et al. 
presented COVIDX-Net, consisting of seven CNNs models 
[9]. R. M. Pereira et al. propose multi-class and hierarchical 
classification to detect COVID-19 from normal and 
pneumonia chest X-ray images [10]. The pre-training model 
is applied to COVID-CAPS presented by P. Afshar et al. The 
results of all proposed models acquired high accuracy [11].  

 From the literature review, we found that all of them used 
CNNs as a core algorithm. Moreover, ensemble and pre-
trained models are interesting and could improve medical 
image classification accuracy. As a result, we applied CNNs 
with two approaches: pre-trained and ensemble in our method, 
described in the next section. 

III. METHODOLOGY 
There are five steps in our research. First, data collection 

is describing in the dataset section. Data preparation is how 
we processed images with augmentation, including 
improvement of augmentation using heatmap from the top 
loss images. There are two main steps in modeling: separate 
model training and consolidate three models to the voting 
ensemble. In the end, the evaluation is presenting with 
chosen metrics. 

A. Dataset 

 The dataset is taken from the chest x-ray images collected 
from two different sources: COVID-19 image data collection 
[12] and NIH Chest X-ray Dataset of 14 Common Thorax 
Disease Categories [13]. The dataset obtains two classes of 
images: COVID-19 class, including 200 images, and non-
COVID-19 class, with another 200 images. While positive 
COVID-19 images are in the first class, the second class 

includes healthy chest images and chest images with regular 
pneumonia in the same ratio.  

B. Data Preparation 

The dataset is divided into three parts: 60% for the 
training set, 20% as the validation set, and the remaining 20% 
as the testing set. After that, we trained the model with a few 
epochs and analyzed the incorrectly identified images 
(images with the highest loss value) using a heatmap, as 
shown in Fig. 2. This analysis was applied to determine image 
augmentation parameters. Image augmentation is a 
regularisation technique to support training models for 
computer vision. It performs small random transformations 
but not changing the core of the image. In this experiment, 
the parameters used in this process are do flip horizontal, do 
not flip vertical, maximum rotation = 25, and maximum zoom 
= 1.17. Fig. 3 shows a sample of normal and COVID-19 
images extracted from the dataset.   

 

 
Fig. 2 Top losses images with heatmap. 

 
 
Fig. Methodology of this research 
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C. Data Modeling 

We want to obtain the optimal algorithms in our study. 
Therefore, we compare 14 pre-trained CNNs models available 
in the FastAI library:   

• ResNet18, ResNet34, ResNet50, ResNet101, 
ResNet152 

• SqueezeNet1_0, SqueezeNet1_1 

• DenseNet121, DenseNet169, DenseNet201, 
DenseNet161 

• VGG16_bn, VGG19_bn 

• AlexNet 

The performance of the 14 models with train loss, valid 
loss, accuracy, and execution time is shown in the results 
included in Table I. The selection criteria followed considers 
the models with the highest accuracy of 3 models, ResNet18, 
ResNet34, and AlexNet. If there are models with the same 
accuracy, it will be determined by the valid loss. 

Then, we selected the top three models by accuracy and 
validation loss scores. As presented in Table I, the top three 
models are AlexNet, ResNet18, and ResNet34. These three 
algorithms will be the voters in the majority voting system for 
COVID-19 classification. 

• Alexnet is designed by A. Krizhevsky [14]. It is an 
eight-layer CNNs in which the first five are 
convolutional layers. 

• ResNet is designed by K. He, X. Zhang, S. Ren, and 
J. Sun [15]. It is a convolutional neural network up 
to 152 layers deep. We picked ResNet18 and ResNet 
34, which have 18 and 34 layers deep, respectively. 

Before training models, we defined the optimal learning 
rate for each model, as shown in Fig. 4. After the model 
selection, every model has been trained for another 30 epochs 
with a predefined learning rate.  

 
D. Voting Ensemble 

 Finally, the majority voting method was created with 
ResNet18, ResNet34, and AlexNet. The voting system is a 
simple system designed to improve the prediction 
performance of our models. Each model provides only one 
predicted result, outputting a 0 value for the positive COVID-
19 cases and a 1 value for the negative COVID-19 cases.  This 
voting schema avoids false positives when the predictions are 
not in agreement. For instance, if the three models do not have 
consensus output, the highest frequency value from models 
will represent the final output [16].  Fig. 5 shows the example 
of the final result with negative COVID-19 (top) and the final 
result with positive COVID-19 (bottom).

 
Fig. 3 Example images after image augmentation. 

TABLE I.  PERFORMANCE OF 14 REFERENCE MODELS 

Model Train loss Valid loss Accuracy Time 

resnet18 0.69976 0.75995 0.7625 0:22 

resnet34 0.60526 0.8179 0.75 0:22 

resnet50 0.91096 2.03975 0.6375 0:24 

resnet101 1.0916 5.28986 0.6125 0:25 

resnet152 1.24716 3.70274 0.5625 0:26 

squeezenet1_0 0.79798 0.9064 0.75 0:22 

squeezenet1_1 0.91698 3.36416 0.6125 0:22 

densenet121 0.89914 2.03398 0.6375 0:25 

densenet169 0.63103 1.15615 0.725 0:25 

densenet201 0.91675 5.21541 0.5625 0:26 

densenet161 0.71805 2.3503 0.5875 0:37 

vgg16_bn 0.90201 2.13799 0.55 0:28 

vgg19_bn 0.75693 0.88414 0.6 0:24 

alexnet 0.90383 0.72282 0.8125 0:22 

 
                                  (a) Resnet18                                                              (b) Resnet34                                                               (c) AlexNet 

 
Fig. 4 Learning rates of Resnet18, Resnet34 and Alexnet 
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E. Evaluation Metrics 

The conventional method to evaluate the classification 
approach is to calculate metrics from the confusion matrix. 
The confusion matrix is a table with two columns and two 
rows that demonstrates the number of true positives – correct 
prediction of positive COVID-19, true negatives – correct 
prediction of negative COVID-19, false positives – incorrect 
prediction of positive COVID-19, and false negatives – 
incorrect prediction of negative COVID-19. Table II shows 
the confusion matrix. 

 
We chose the accuracy, precision, recall, and F1 score to 

evaluate our model performance. The accuracy shows how 
many correct predictions our model outputs. The formula of 
accuracy is shown as: 
 

!""#$%"& ' () * (+
() * ,) * ,+ * (+ 

 
Precision is a measurement that gives a ratio of correct 

positive predictions as compared to the positive predictions 
(true and false). The formula is shown as: 
 

)$-"./.01 ' ()
() * ,) 

 
The recall is known as the sensitivity ratio of correct 

positive predictions as compared to the addition of true 
positives and false negatives. The formula is shown as: 
 

2-"%33 ' ()
() * ,+ 

 
F1 score is a combination of recall and precision. The 

formula is shown as: 
 

,1 /"0$- ' 2 ∗ 2-"%33 ∗ )$-"./.01
2-"%33 * )$-"./.01 

 
 All metrics range from 0 to 1, being 1 the best possible 
score.

 

 
Fig. 5 Example outputs from voting ensemble when the predictions are  
          not in agreement 

TABLE II.  CONFUSION MATRIX 

 Predicted 
Positive 

Predicted 
Negative 

Actual Positive True Positive 
(TP) 

False Negative 
(FN) 

Actual Negative False Positive 
(FP) 

True Negative 
(TN) 

 

TABLE III.  PERFORMANCE OF PROPOSED MODEL WITH ITS VOTERS 

Metrics Voting ensemble ResNet18 ResNet34 AlexNet 

Accuracy 0.9 0.825 0.8375 0.8625 

Recall 0.825 0.725 0.85 0.75 

Precision 0.970588 0.90625 0.829268 0.967742 

F1-Score 0.891892 0.805556 0.839506 0.84507 
 

TABLE IV.  COMPARISON OF CONFUSION MATRICES FROM THE FOUR MODELS 

 PREDICTED 

 Voting Ensemble ResNet18 ResNet34 AlexNet 

 COVID NOCOVID COVID NOCOVID COVID NOCOVID COVID NOCOVID 

ACTUAL 
COVID 33 7 29 11 34 6 30 10 

ACTUAL 
NOCOVID 1 39 3 37 7 33 1 39 

 

(1) 

(2) 

(3) 

(4) 
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IV. RESULTS 
We applied the specific learning rates indicated in Section 

III. The learning rates for training ResNet18, ResNet34, and 
AlexNet models are e-7, e-6, and e-6, respectively. 

 Table III shows that the voting ensemble model based on 
three CNNs voters performed well, with true negatives results 
equal to the ones obtained with AlexNet. Both the voting 
ensemble and the AlexNet model classified for non-COVID-
19 class correctly at 97.5%, with only one incorrect prediction. 
As seen further in Table IV, ResNet34 overperformed our 
proposed model when attending to recall, presenting only one 
prediction different. The ranking for positive COVID-19 class 
prediction (TP cases) is ResNet34, our voting ensemble, 
AlexNet, and ResNet18. Furthermore, the ranking for 
negative COVID-19 class prediction (TN cases) is, first, our 
proposed model and AlexNet, and then ResNet18 and 
ResNet34. 
  As a result, the voting ensemble performed better than the 
other models in three metrics. The voting model obtained 90% 
accuracy, 82.5% recall, 97.06% precision and 89.19% F1-
score. AlexNet, ResNet34, and ResNet18 performed at 2nd, 
3rd, and 4th positions by accuracy, respectively. 

V. CONCLUSION 
The unexpected pandemic caused by COVID-19 disease 

is a global problem that all countries around the world are 
fighting. Numerous tools are developed, and some are still 
under development, to fight against the virus to prevent new 
cases and support treatments. Machine learning is identified 
as a useful supporting tool in the area of automatic medical 
image classification. It is a supporting tool for medical 
professionals to detect COVID-19 using chest X-ray images. 

In this paper, we propose to use CNNs to identify COVID-
19 cases from X-ray images. Our voting ensemble CNNs 
transfer learning method is able to efficiently classify COVID-
19 from medical images. The voting system consists of 
ResNet18, ResNet34, AlexNet as its voters. Our proposed 
model performed better than its individual voting members 
with an accuracy of 90%, recall of 82.5%, the precision of 
97.06%, and F1-score 89.19%. The F1-score of our proposed 
model performed over a multi-class approach of [11] and 
performed equivalently to a hierarchical classification of [11] 
and healthy image classification of [9].  This means that it is 
an efficient supporting tool to support common PCR tests 
when X-ray imaging is possible, and a number of patients 
must be checked. Accuracy detected is, in fact, in the same 
range of PCR tests currently being used. Moreover, this 
system is able to detect patients not suffering from COVID-
19, but at risk of developing the illness critically, due to other 
respiratory problems. 

 As a part of our future work, we plan to extend our dataset 
to better adapt our prediction models and improve accuracy 
and reliability. Also, we intend to pre-train the model with 
other chest X-ray images to improve performance because 
pre-trained models in FastAI is based on ImageNet but not X-
Ray images. Finally, we plan to develop and experiment the 
system with a more complex and weighted (discounted) 
voting system to get better prediction results. 
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Abstract— Oil palm is one of the potential tree crops in 
Thailand. However, the production of oil palm has been 
experienced many aspects. Price factor is also one of the 
problems. Price of oil palm depends on the amount of oil content 
in the oil palm fruit which are estimated by an expert. The main 
consideration is the ripeness of the oil palm fresh fruit bunches. 

An expert determines using its surface color. A different 
experience of experts leads to a different estimation. The 
problem may be solved using the chemical analysis methods 
which more accurate. However, it takes time and uncomfortable. 

In this research, artificial intelligence (AI) will be applied to 
estimate the oil content in a fresh fruit bunch (FFB). Two popular 
types of oil palms in Thailand are used in this work. The 
Nigrescene fruit, color varies from dark purple to red orange 
depending on its gene and ripeness. The Virescene fruit, color 
changes from green to orange. The surface color of an oil palm 
fruit and structure of the bunch were considered as the feature 
set. An oil palm FFB image from a smartphone camera was fed 
to the model for predicting the oil content in FFB. Several 
models such as multi linear regression, artificial neural network 
and convolution neural network will be observed. The measure 
of the quality’s model uses the root mean square error (RMSE). 

The convolution neural network produces the average of RMSE 
at 7.27 for Nigrescene and at 4.83 for Virescene. 

Keywords— Oil palm, Oil content in fresh fruit bunch (FFB), 
Ripeness, Surface color, Convolution neural network 

 

I. INTRODUCTION 
Oil palm with the scientific name of “Elaeis guineensis 

Jacq.” is an important industrial crop in Thailand. Oil palm 
bunches can be used as raw material in the process of palm oil 
production as a form of safe edible vegetable oil, margarine 
and shortening. They can be used not only in food products, 
but also in non-food products, which are the basic ingredient 
in many manufacturing products such as soap, candle. The 
kernel can be used as a main ingredient in cosmetic 
manufacturing, as well. An oil palm fresh fruit bunch (FFB) 

may contain up to 2,000 fruits with an individual weight of 3 
– 30 grams and 2 – 5 centimeters in size. There are about two 
species more popularly grown in Thailand: Nigrescene and 
Virescene fruit. The Nigrescene fruit, color varies from dark 
purple to red orange depending on its gene and ripeness. The 
Virescene fruit, color changes from green to orange. The oil 

content for different stages of FFB ripeness also varies, and it 
is commonly stated as oil-to-bunch ratio ( [1], [2] and [3]). As the 
oil content of an oil palm FFB is a main indicator of the 
ripeness, it is crucial that the FFBs are harvested at the 
optimum ripeness. 

At present we use an expert to estimate the ripeness of an 
oil palm FFB. A different experience of experts leads to a 
different estimation. The problem may be solved using the 
chemical analysis methods which more accurate. However, it 
takes time and uncomfortable. 

However, many attempts using image processing and 
machine learning have been made to solve the challenge. In [4] 
and [5], the linear regression models are proposed for 
estimating the oil content in oil palm fruits. The RGB values 
of an oil palm fruit image are used as a set of features. The 
L*a*b* color space values are also tested and compared the 
results with the RGB. In [6], The RGB color model and 
artificial fuzzy logic is introduced. The purpose of the grading 
system is to distinguish among the three different classes of 
oil palm fruits which are under-ripe, ripe and overripe. In [7], 
The ripeness classification of oil palm fruits using artificial 
neural network is implemented. The MLP neural network is 
segregated the fruits into four ripeness categories: unripe, 
under-ripe, ripe and overripe. The results of models trained 
with RGB images and reduced features based on the Principal 
Component Analysis (PCA) are compared. 

Moreover, other approaches also have been introduced 

such as [8] using four-band optical sensor. As the reviews, most 
of them tried to classify the ripeness stage of oil palm fruits, 
such unripe, ripe and overripe, rather than to estimate the oil 
content of an oil palm FFB. A few tried to predict the oil 

content from the mesocarp (a piece of an oil palm fruit), but 

not the oil-to-bunch (oil pre bunch). 

The objective of this work is to develop a method for 
automatic estimated the oil content in an oil palm FFB based 
on its surface color in a natural light environment. The color 
measurement was based on RGB, HSV and L*a*b* color 
spaces of oil palm FFB images. The results were presented and 
discussed. 

The rest of the paper is presented as follows: In Section II, 
the process for collecting the oil palm FFB pictures and steps 
involved in developing the methods are explained. Then the 
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experimental results are presented and discussed in Section III. 

The conclusion and future work are given in Section IV. 

 

II. MATERIALS AND METHODS 
In this section, the collection of an oil palm FFB picture is 

described concisely. The prediction and evaluation methods 
are also explained. 

A. Image Acquisition and Labelling 
Two popular grown oil palms in Thailand (Nigrescene and 

Virescene) were used in this work. An average of 25-kilogram 
weight of an oil palm FFB is chosen. Different stages of FFB 
ripeness was considered. The total of 394 samples was used. 

The oil palm FFB images were captured from a digital 
cellphone camera in a controlled light (in a semi-light 
controlled box) and natural light environment. The front and 
back side of each bunch were captured. An example is shown 
in Fig. 1. 

 
(a) 

 
(b) 

 
(c) 

Fig. 1 Examples of oil palm FFB image: (a) Nigrescene (raw, semi-ripe and 
ripe), (b) Virescene (raw, semi-ripe and ripe) in a controlled light, and (c) 

Nigrescene and Virescene in a natural light. 

In the process of labelling, the bunch analysis and oil palm 
extraction were applied. Each FFB is consist of many parts, for 
examples, core, palm berry and seed. The mesocarp is the 
important part for oil extraction. The more mesocarp will yield 
more oil as well. Laboratory analysis (Soxhlet extraction 
method) were carried out simultaneously using the dry 
mesocarp samples to determine the change in oil content. 

Bunch analysis were employed to convert the percentage of 
oil content from the dry mesocarp to the percentage of oil-to-

bunch. 

B. Prediction and Evaluation Methods 
At present, artificial intelligence has been widely used for 

data analysis, classification and prediction in many domain 
including agriculture. In this section, several methods were 
selected for comparing the performance among them. 

Multi linear regression (MLR): The MLR, also known 
simply as multiple regression, is a basic statistical technique 
that uses several explanatory variables to predict the outcome 
of a response variable. The goal of MLR is to model the linear 
relationship between the explanatory (independent) variables 
and response (dependent) variable. The MLR was performed as 
a baseline method in order to compare with other advance 
methods. 

Artificial neural network (ANN): The ANN has been 
generally applied to map input patterns with their desired 
outputs. The practical applications are far and wide, ranging 
from classification to prediction and visualization. In this 
work, the multilayer perceptron (MLP) neural network with 
backpropagation learning, a commonly used ANN 
architecture, was investigated. 

Convolutional neural network (CNN): The CNN is a 
popular deep learning algorithm designed for image analysis. 

It always consists of two basic operations, namely convolution 
and pooling. The convolution operation using multiple filters 
is able to extract features (feature map) from the data, through 
which their corresponding spatial information can be 
preserved. The pooling operation, also called subsampling, is 
used to reduce the dimensionality of feature maps from the 
convolution operation. Max pooling and average pooling are 
the most common pooling operations used in the CNN. 

Nowadays, many pre-trained CNN models have been 
presented ( [9], [10] and [11]), but most of them aim to solve the 
classification problems. In this work, the oil-to-bunch ratio is 
predicted from an oil palm FFB picture. It is a regression 
problem, so a new CNN will be built from scratch rather than 
use the transfer learning technique. 

Evaluation Metrics: The evaluation metrics are used to 
measure the quality of the statistical or machine learning 
model. Evaluating machine learning models or algorithms is 
essential for any project. There are many different types of 
evaluation metrics available to test a model. Mainly, these can 
be grouped into two types: evaluation metrics for classification 
and for regression problems. These include classification 
accuracy, logarithmic loss, confusion matrix, and others. As 
mention above, this research aims to solve a regression 
problem. The mean square error (MSE) seems to be suitable for 
this task. However, the root mean square error (RMSE) was 
chosen rather than the MSE because of easy to understand. 
The average of RMSE is calculated according to Equation (1). 

RMSE = √1
n

*∑ (Ŷi-Yi)
2n

i=1  (1) 

where Ŷi  is the prediction 

  Yi  is the target 

  n  is the total of samples 
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III. EXPERIMENTAL SETTINGS AND RESULTS 
In this section, the oil palm FFB dataset used in the 

experiments are described. The comparison of the color space 
models is presented The experimental results consisting of the 
multi linear regression, multilayer perceptron neural network 
and convolutional neural network are shown and discussed 

A. Oil Palm FFB dataset 
In the experiments, the 394 oil palm FFBs were collected 

in different stages of ripeness. These were divided into 196 and 
198 bunches from Nigrescene and Virescene respectively as 
shown in detail in TABLE I. 

TABLE I Number of oil palm fresh fruit bunches. 

Type 
Stage of ripeness 

Raw Semi-ripe Ripe 
Nigrescene 65 65 66 
Virescene 65 68 65 

 

Each bunch was captured with a digital mobile phone 
camera in a controlled light and natural light environment and 
in multiple directions (front, back and others). The oil palm 
FFB dataset consists of 5,568 images from 394 subjects. The 
resolution of images in the dataset is 1,328x747 pixels. The 
dataset was separated into two groups. The first group, namely 
indoor dataset, consist of the images in a controlled light 
environment only. The second, called outdoor dataset, consist 
of the images in a natural light environment only. The indoor 
dataset was divided into training (70%) and test sets (30%) 

randomly, which the whole outdoor dataset was set as another 
test set. 

B. Color Feature Extraction 
The color features of the oil palm FFB image are analysed 

based on the HSV and L*a*b* color space models rather than 
the RGB color space models. The Fig. 2 shows images in RGB, 
HSV and L*a*b* color space. The RGB image was converted 
into HSV and L*a*b* image. The only H (hue) channel was 
display for the HSV image while the only a* (green to red) 

channel was display for the L*a*b* image. Based on the 
experiments, the L*a*b* image can be performed very well in 
many light environments. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2 Oil palm FFB images in a controlled light (RGB, HSV and L*a*b*): (a) 

without LED light, (b) with LED light, (c) using flash, without LED light, and 
(d) using flash, with LED light. 

C. Experimental Results 
Frist of all, the MLR was trained as a baseline model. The 

L*a*b* images were used in the experiment. The a* and b* 

channel were chosen to represent the color of an oil palm FFB. 

From the center of the oil palm FFB, 323 positions in the 
image are chosen as the training feature. The performances of 
the MLR model are shown in TABLE II. As the results, The 
MLR model performed not very well on the indoor2 dataset 
as well as outdoor dataset that the unseen data. 

TABLE II Average of RMSE for MLR model in a controlled light and in a 
natural light. 

Dataset RMSE of MLR 
Nigrescene Virescene 

Indoor1 2.58 1.49 
Indoor2 10.15 9.70 
Outdoor 10.97 10.29 

 

Next, the MLP model was evaluated on the same dataset. 

Fig. 3 shows the structure of MLP model in the experiment. It 
is a fully connected in each layer, consisting of one input layer 
(646 nodes), six hidden layers (323, 323, 160, 80, 40 and 20 
nodes, respectively, and one output layer (1 node). 

 
Fig. 3 Structure of MLP neural network. 
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The results are shown in TABLE III. For the results, it 
shows that the MLP model performed better than the MLR 
model. However, the problem still occurs on the outdoor 
dataset as seen on high values of RMSE. 

TABLE III Average of RMSE for MLP model in a controlled light and in a 
natural light. 

Dataset RMSE of MLP 
Nigrescene Virescene 

Indoor1 1.19 0.66 
Indoor2 8.97 9.34 
Outdoor 10.39 10.13 

 

Finally, the CNN model was introduced. The CNN model 
normally applied for the image classification problem. In this 
case, the CNN was created for solving the regression problem 
was shown. The input image for the CNN model is a 256x256 
L*a*b* and HSV images. The model consists of five 
convolution layers with 16, 32, 64 and 128 filters, two dense 
layers (16, and 4 nodes), one output layer (1 node). The 
structure of CNN model is shows in Fig. 4. 

 
Fig. 4 Structure of CNN. 

In TABLE IV, the results show that the CNN model 
performed the best among the purposed models. Although the 

RMSE of indoor1 dataset for the CNN higher than the RMSE 
of indoor1 dataset for the MLP, the results of the unseen data 
(indoor2 and outdoor) are better. It could be implied that the 
CNN model may be flexible and suitable for predicting an oil 
palm FFB in real world. 

TABLE IV Average of RMSE for CNN model in a controlled light and in a 
natural light. 

Dataset RMSE of CNN 
Nigrescene Virescene 

Indoor1 7.51 3.39 
Indoor2 6.41 3.30 
Outdoor 7.90 7.81 

 

IV. CONCLUSIONS 
The main objective of this paper is to predict the oil-to-

bunch ratio of an oil palm FFB from its image. First, the 
dataset and labelling are created. Second, three different 
models, the multi linear regression (MLR) as a baseline, 
multilayer perceptron (MLP) neural network and 
convolutional neural network (CNN) were presented and 
evaluated. Finally, the CNN model outperformed other 
models. 

In future work, the investigation of CNN, such as a varied 
number of convolution and dense layer, to improve the 
performance will be performed. The oil-to-bunch of oil palm 
FFB prediction system will be implemented as an intelligent 
agricultural chatbot. 
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Abstract— The objective of this research is to surveillance 
and develop a system of warning system for the safety of 
living organisms in the general automobile passenger 
compartment. By applying the PIR Motion Sensor for 
detects infrared radiation waves to detects living 
organisms suitable for sticking inside the car cabin. As 
well as the application of the GSM Module SIM800L and 
Buzzer as an alternative to the security alarm. By working 
principle, using an embedded system to control and 
operate the Arduino Uno R3 microcontroller with the 
accuracy of the system to detection for 80 %. 

Keywords—surveillance, detects, infrared, embedded system 

I. INTRODUCTION  

Nowadays, news of children trapped inside cars is 
frequent, such as schoolchildren stuck in shuttle buses or 
parents forget their children stuck in the car. [1]Which causes 
harm to children It can be fatal. In Thailand, according to 
disease surveillance data from the Bureau of Non-
communicable Diseases, Department of Disease Control, it 
was found that in the 5 years (2014-2018) it was found that 
there were 106 events in which children were left in their cars, 
so building surveillance equipment to reduce damage and 
prevent it. Would be very necessary ,But when looking at the 
current object detects technology It is constantly evolving and 
is modernity. But there is an important factor, the price is 
expensive, it is difficult for the general public to buy and 
install in every car. Causing the researcher to realize the 
solution to the problem Is the development of surveillance 
equipment for installing in cars at low cost. By developing a 
device for safety warning and living organisms in the common 
car cabin, as well as applying the PIR Motion Sensor to be 
suitable for the interior of the car cabin.[2] GSM Module 
SIM800L and Buzzer [3]are also used as an alternative to 
security alarms and asked for help from the car owner Mentor 
teacher Parents or people in that area It can also reduce the 
mortality rate of children as well. Which can be installed and 
used for real. 

 

II. RELATED WORK AND THEORIES 

A.  PIR sensors operation 
PIR sensors are also called Pyroelectric infrared sensors, 

passive infrared sensors, or IR motion sensors, which detect 
differences in temperature, heat radiation, human body or 
animal. [4, 5] By PIR operation, the infrared sensor detects the 
distance of the object with infrared rays. When the beam 
detects an object,  by returns to the receiver at an angle after 
the reflection. The method of triangulation is as shown in Fig 
1. 

 
 
 
 
 
 
 
 
 

Fig 1.  PIR sensors for detection [4] 
 

B. GSM Module system design 

The SMS checking process is starting from initialization. 
Then, check SMS, if it is "TURN ON" then the process will 
proceed to the "System = 1" check phase. If the "System = 1" 
process transmitted to the PIR 1 sensor, if the PIR 1 sensor 
catches human movement the SMS will be sent to the mobile 
phone by this message "Motion Detected", if it does not find 
any movement then the process will continue checking the 
PIR 2 sensor, it also happens to other PIR sensors. If there is 
getting human movement, the PIR sensor will be forwarded to 
the Arduino system.[6] 

C. Buzzer circuit diagram  
Buzzer speaker integrates each part of the Arduino Uno 

R3 Buzzers microprocessor circuit to complete each function. 
Buzzer speakers can be found in most common alarm 
devices.[7] 

D. Arduino Uno R3  
Arduino is an open source electronic board that has input 

and output and there is a major component for program 
controllers that can be written and deleted in a special way 
that is an ATMega328 based microcontroller chip. 
Microcontroller itself is a chip or IC (Integrated circuit) that 
can be programmed using computer. The recorded program 
aims to enable electronic circuits to read inputs, process and 
then produce outputs as desired. The result can be a signal, 
voltage, light, sound, vibration, movement.[8-10] 

E. Related Work 
Alathari, B., et al., [11] from this research, the concept 

was obtained and applied in circuit design by using the actual 
circuit in the file. Virtual environment It consists of five PIR 
motion sensors used to detect any movement, working within 
a  360  radius. When the PIR sensors detects motion, the servo 
motor will rotate to the direction of that movement. Also have 
Five LEDs, there LEDs indicate which sensor is working 
when it goes high. 
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Mahzan, N., et al. [12] presented the house fire alarm 
design with an Arduino based system by the way of GSM 
module with the purpose of home security whose main point 
is to avoid fire. Accidents happen to residents and property in 
the home as well. Use Arduino the Uno board together with 
the ATmega328 chip when the system detected the 
temperature 400. Notification message will be sent to users. 
Via short message service (SMS) via GSM module 

 Joseph, A., V. Parmar, and V. Bagyaveereswaran.[13] 
presented the robot simulation to detect humans trapped 
behind walls or under the rubble, which can help the rescue 
team during it. Natural disasters such as earthquakes Using 
the Arduino Uno microcontroller. 

Al Fani, H., et al.,[14] proposed  to watch and look after 
the parents' babies. Using a sound monitoring system in the 
children's room It uses an Arduino Atmega 328 
microcontroller to detect interference and send a signal via a 
buzzer to alarm. 

 

 
 

Fig 2. concept Circuit Diagram of the Proposing System Using Fritzing 
Software[11] 

 

III. PROPOSE METHODOLOGY 

The work in this algorithm of operations to consists of 
analysis and design of embedded system parts that can be 
actually installed in the vehicle for surveillance of children 
trapped in the car. 

 

 

 
Fig 3. Block Diagram 

 The working principle of the living organism safety alarm 
system that starts when the system is turned on by pressing the 
remote lock from the Wireless Remote and PIR Motion 
Sensor. Infrared  to detection living organisms, if not found, 
PIR will continuously detect infrared waves until the system 
is shut down, but if  finds organisms in 5 minutes, the 
processor will send commands to GSM Module SIM800L. 
The send a message to phone number specified in the system 
five minutes later after the message has been sent, the system 
has not been shut down, the processor will continue to send a 
command to the Buzzer to sound an alarm for assistance from 
the area.  
  

 
 

Fig 4. Flowchart of working algorithm 
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Fig 4. Show the flowchart of the working algorithm. 

Motion detection and send alert messages to the user's phone, 
and if there is no response within 5  minutes, the system will 
send the next command to the buzzer to sound the alert for 
further assistance from that area. 
 
 

 
 

Fig 5. Flowchart of GSM Module SIM800L send a message 

 
Fig 5.  Show the flowchart of the working algorithm. The 

work system  start to when  PIR Motion Sensor detects 
organisms. Will check the system shutdown by pressing the 
remote unlock the car If yes, it will be finished. If not, the 
delay start of 5 minutes, if after 5 minutes and the GSM 
Module has not been shut down, SIM800L will send a 
message to the phone number specified in the system and if 
the remote is pressed, the car will be unlocked. 

 
 
 
 
 

 

SECTION 1 : Hardware design 
The system consists of : 

- PIR  Motion sensor 
- Arduino UNO R3 
- GSM Module SIM800L 
- Wire-less Remote Control Module 
- DC to DC Step Down Module 
- Buzzer 

 
 

Fig 6. Hardware Circuit Design 
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SECTION 2 : Hardware circuit overview 
The Circuit design can be designed by feeding 12V power 

from the supply to the board. Arduino then supplies the power 
from the Arduino board from the VIN pin and GND pin of the 
Arduino to the voltage adjustment circuit. DC to DC Step 
Down LM2596 Module to adjust the voltage not to cause 9 
Volt to supply in various devices to provide steer and 
sufficient for the voltage required for the equipment. This will 
have a Wireless Remote Control Module circuit like a switch 
on - off, then it will be PIR Motion Sensor detecting infrared  
from living things. When the PIR Motion Sensor detects it, it 
sends a value. Arduino will continue to process and send 
commands to GSM Module SIM800L to send a notification 
message to the specified destination number. After that the 
processor  Arduino sends a command to the buzzer to sound 
an alarm, ask for help from the local area, and the Liquid 
Crystal Display (LCD) to show the value through the screen. 

 
SECTION 3 : Microcontroller  
 The microcontroller board (Arduino) connects devices to 
control various functions. Of the living organism safety alarm 
system are PIR Motion Sensor, GSM Module SIM800L, 
Buzzer and Liquid Crystal Display (LCD). 
 

 
Fig 7. Alarm System Control Circuit Board 

 
 The system uses 12V power from the supply to the 
Arduino board, then the power from the Arduino board from 
the VIN pin and GND pin of the Arduino to feed the circuit to 
adjust the DC to DC Step Down LM2596 Module to adjust 
the voltage not to 9. Volt goes to party in different equipment. 
The steer and sufficient to the voltage required by the device, 
which will have a circuit Wireless Remote  Control Module as 
a switch on - off, then a PIR Motion Sensor, a device that 
detects infrared radiation from living things. PIR Motion 
Sensor detects and sends the value to the Arduino to process 
and sends a command to the GSM Module SIM800L to send 
a notification message to the specified destination number. 
After that, the Arduino processor sends a command to the 
buzzer to sound an alarm and the Liquid Crystal Display 
(LCD) to show the value through the screen. 

 
SECTION 4 : System design 

PIR Motion Sensor will be installed in 2 positions: Front 
and Rear.The detection radius of the PIR Motion Sensor is 70 
degrees. 

 

 
Fig 8.  Device Installation Position 

Fig 9.  Detection Radius of the Module PIR Motion Sensor 

SECTION 5 : The Install and Test of the system 
 

 
Fig. 10 Position PIR Motion Sensor the Front 

 

 

Fig 11.  Position PIR Motion Sensor the Rear 
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Fig 12.  Position Microcontroller Box  

IV. EXPERIMENTAL RESULTS 

From the test results of the system workflow, using 12V 
power supply from the source to the Arduino board, then 
power from the Arduino board from the VIN pin and GND pin 
of the Arduino to feed the circuit to adjust the voltage DC to 
DC Step Down. LM2596 Module to adjust the voltage not to 
cause 9 Volt to supply in different devices. The steer and 
sufficient pressure required for the equipment, the LCD screen 
will show "STANBY" indicating the ready state. Until the 
remote lock is pressed from the Wireless Remote to turn on 

the system. Shown as in Table 1. 

TABLE I.  EXPERIMENTAL RESULTS 
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TABLE II.  SYSTEM TEST RESULTS 
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Surveillance 
system 

Example 
sequence 
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Results   
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effect 
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Surveillance 
system and 
alerting 
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sample of 10 
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10 minutes 
each. 
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From Table II, the test No. 5 , No.7 and No.9 the subject 
may not sit on the spot, so PIR Motion Senses cannot detect 
infrared radiation.When PIR Motion Senses are inactive, 
GSM Module SIM800L and Buzzer will not work. 

 

V. CONCLUSION 

 
The testing the operation of the system, if PIR Motion 

Senses detects organisms, an alarm system can be activated. 
The system was accuracy 98%  by having the subject sit in the 
cabin for 10 minutes to allow PIR Motion Senses to detection 
living organisms or not. Specified in the system after another 

5 minutes it will turn on the alarm sound if the system has not 
been shut down. 
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Abstract— Long Range Wide Area Network (LoRaWAN) is 
one of the leading low power wireless networks that can support 
thousands of Internet of Things (IoT) devices. To enhance the 
scalability of LoRaWAN, this paper proposes the Utilization-
Weighted (UW) algorithm, which is the spreading factor 
management algorithm designed based on the M/D/1 queue 
theory. The main concept of this algorithm is channel utilization 
balancing that helps form groups of nodes assigned with 
different spreading factors (SFs). The simulations are 
performed under two scenarios that are similar and various 
uplink time interval among SFs. The results show that our UW 
algorithm can outperform the traditional Min-airtime method 
in both scenarios. The packet received rate (PRR) of the UW 
algorithm is clearly higher than that of the Min-airtime method 
for all number of nodes and time intervals. Especially in the 
various time interval simulation of the networks of 120, 600, and 
1,200 nodes, the maximum PRR  improvements occur at 1, 3, 
and 5  times of the minimum time interval between uplinks, 

,off iT , respectively, and are around 34%, 36%, and 35%, 
respectively.  

Keywords— Internet of Things, LoRaWAN, scalability, 
spreading factor assignment, time interval  

I. INTRODUCTION 

 LoRaWAN is one of the leading Low Power Wide Area 

Network (LPWAN) technologies. The characteristics of 

LoRaWAN are suitable for Internet of Things (IoT) 

deployment due to low power consumption, wide area 

coverage, and low cost [1]. According to the LoRaWAN 

specification [2], LoRaWAN is a media access control 

(MAC) protocol designed on top of LoRa modulation 

physical layer which is an open standard to connect LoRa 

low-power devices to the internet. The architecture of 

LoRaWAN consists of 4 main components: nodes, gateway, 

network server, and application server. The nodes connect to 

the LoRaWAN gateway in the star of stars topology.  For 

uplink, the gateway is responsible for translating LoRa 

modulation packets to internet protocol (IP) and forwarding 

the received packets from the nodes to the servers. On the 

hand, the received downlink IP packets are also translated to 

LoRa protocol and forwarded to the nodes by the gateway.  

 For LoRaWAN, the nodes can choose to use one of three 

standard classes, which consists of class A, class B and class 

C, depending on their applications. However, most of 

previous works focus on class A due to its lowest power 

consumption.  The class A nodes autonomously select time 

to send uplink data, whereas downlink can be sent to the 

nodes only in one of two windows that are opened after the 

uplink. The nodes will then sleep for the rest of the time. As 

same as the other classes, the standard communication 

protocol of LoRaWAN class A uplink is the Additive Links 

On-line Hawaii Area (ALOHA), which is a random access 

protocol. In ALOHA, nodes send packets without any 

collision control mechanism such as the channel sensing. 

Especially in the single gateway-single channel scenario, the 

collisions can occur dramatically [1], thus limiting the 

scalability of the network.  

 To support thousands of IoT devices, scalability of 

LoRaWAN is one of the key issues.  Several methods have 

been used to improve scalability such as implementing other 

proposed protocols such as slotted-aloha [3], Carrier-Sense 

Multiple Access (CSMA) [4-5], adding multiple gateways 

[1], spreading factor (SF) assignment and allocation [6-14], 

etc. So far, the SF assignment and allocation has been the 

most popular technique to improve LoRaWAN scalability.  

Previous studies were focused on how to manage SFs 

proportion in a single physical channel gateway whose 

number of virtual channels are, by the LoRa modulation 

principle, equal to the number of SFs. Note that, packets sent 

with different SFs are theoretically orthogonal to each other.  

 Different SFs have different capacity of data 

transmission. For example, a lower SF device can send data 

at higher rate.  Also, due to the duty cycle limitation, the 

lower SF device can send higher number of data packets. The 

number of sent packets also depends on the inter-arrival time, 

which is time interval between packets. Therefore, the 

variation in the inter-arrival time can have an impact on the 

collision of packets especially in the network with large 

number of devices.  Unfortunately, most of prior research 

does not consider the impact of time interval between packets 

among SFs [6-14].  

 This paper proposes the SF assignment algorithm for 

LoRaWAN class A based on the Utilization-Weighted (UW) 

concept of channels. More specifically, we interest in the time 

interval between uplinks that has an impact on channel 

utilization and thus SF assignment. Two scenarios of interest 

include i) same uplink time interval among SFs and ii) 

various uplink time intervals among SFs. To evaluate the 

performance of our algorithm, packet received rate (PRR) or 

the ratio of successful received packets over sent packets, will 

be compared with the Min-airtime method, the default 

algorithm of LoRaWAN that assigns SF based on minimum 

air time, which is also used in [1]. 

This paper has been supported by Petch Pra Jom Klao Master’s Degree 

Research Scholarship from King Mongkut’s University of Technology 

Thonburi. (Grant No. 20-2560) 
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II. SPREADING FACTOR ASSIGNMENT TECHNIQUES  

 For LoRaWAN protocol, the transmission between node 

and gateway consists of physical layer parameters, MAC 

layer commands, and security. The LoRa physical layer uses 

chirp spread spectrum (CSS) modulation scheme which has 

5 important parameters: SF, bandwidth (BW), coding rate 

(CR), transmission power, and center frequency. Ideally, 

transmissions with different chirp rates, which is defined as 

(1), are always orthogonal to each other, 

       

2

 
2

SF

BWChirp Rate = . (1) 

In this sense, assigning different SFs or BWs can lead to 

orthogonality between packets. However, the receiver has 

different sensitivity values to receive packet with different 

SFs, as example shown in Table I for SX1301 chip. Thus, to 

ensure successful packets transmissions to the gateway, the 

common technique is assigning the lowest possible SF that 

has lower sensitivity value comparing to Received Signal 

Strength Indicator (RSSI) at the receiver. This technique is so 

called the Min-airtime since the lower SF would have lower 

airtime as calculated from (2), 

       
2

SF

sT
BW

= , (2) 

where sT  is symbol time (second). 

However, as shown in [1], the Min-airtime technique is still 

insufficient to support connection of thousands of IoT nodes. 

Thus, previous studies further proposed enhanced SF 

allocation techniques.  

 F. Cuomo et al. [6] suggested to assign SF assignment 

by simply equalizing number of nodes in each SF group, or 

so called EXPLoRA-SF. Even though EXPLoRA-SF can 

provide higher PRR than Min-airtime technique, this method 

is still not suitable for a highly loaded network since the 

higher SF packets tend to have higher probability for 

collision.  

 The airtime equalization was then pursued [6-8]. In these 

studies, the concept is to equalize node airtimes in each SF 

group in a single channel gateway to improve PRR since the 

technique helps reducing channel overload.  The difference is 

that in [6], the water filling technique, which is more 

sophisticated equalization algorithm, was employed. The 

work in [6] was further extended by including channel 

capture effects and inter-SF interference to help balancing the 

number of nodes among SFs [8]. For the imperfect 

orthogonality, [8] suggested that less proportion of SF11 and 

SF12 nodes can help increasing PRR.  

 The SF assignment by fixing the area of each SF group 

was also reported [9].  Although the method can give a better 

performance than the network with randomly positioned 

nodes, the location of nodes, in practice, might not be able to 

fit in such optimal area. 

 In addition to the SFs proportion adjustment, other 

performance improvement techniques including tuning node 

parameters such as transmission power [10-11] and BW and 

CR [12], and carrier frequency management [13-14] were 

also proposed. Note that, in all techniques mentioned above, 

the time interval between packets is kept the same to all nodes 

[6-14].  

TABLE I.  SX1301 SENSTIVITIES VALUES [16] 

SF 7 8 9 10 11 12 

Sensitivity 
for 125 KHz 
bandwidth 

(dB) 

-126.5 -129.0 -131.5 -134.0 -136.5 -139.5 

III. UTILIZATION-WEIGHTED SF ASSIGNMENT ALGORITHM  

The utilization-weighted (UW) algorithm is designed 

based on the queuing theory. According to [15], the 

LoRaWAN class A device with a single gateway exhibits 

operating characteristic of the M/D/1 queuing system where 

arrival packets are sent with the Poisson arrival rate λ and 

serving with the fixed service rate, μ.  Since the nodes with 

different SF assignments can send data with different data 

rates and are ideally orthogonal to each other, we will virtually 

have six independent channels for SF7 to SF12. The service 

rate, iµ , of each SF is defined as the duty cycle over the 

transmission time as 

       
j

i
i

D
T

µ = , (3) 

where jD  is duty cycle of the physical channel (percent), iT  

is total transmission time of a packet sent by a node with SF i 
(second), i is a value between 1 and 6 for SF7 to SF12 

respectively, and j is value between 1 and c for c channels.  

The arrival rate iλ  for a node can be defined as  

     
1

i
iP

λ = , (4) 

where iP  is time interval between two uplink packet 

generations (second).  

A link utilization of a node, iρ , or busy ratio of the channel 

for each SF is defined as  

 i
i

i

λ
ρ

µ

= . (5) 

For multiple channels, the imbalance utilization might cause 

some channels to be overloaded while others are underloaded. 

The overloaded channel is prone to more packet collisions. To 

reduce packet collisions, we propose to equalize the 

utilizations of the virtual channels by  

   
1 1 2 2 5 5

...i i i i i i i in n n nρ ρ ρ ρ
+ + + + + +

= = = = , (6) 

where in  is the number of nodes holding the SF in group i. 

This means that the channel with lower link utilization of a 

node can serve more nodes. Thus, the weight for number of 

nodes of each SF is defined as the inverse of the utilization as  

 
1

i
i

w
ρ

= . (7) 

The number of nodes for each SF can then be calculated by 
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(8) 

where N is the total number of assigned nodes. 

Algorithm 1 UW  

Input: N: Total number of nodes, RSSI: corresponding 

Received Signal Strength Indicator of each node,  

in : optimal number of nodes for each SF from (8) 

Output:  SFNODE : Set of optimal spreading factors of all 

nodes 

# Spreading Factor Assignment 

1. Sensitivity values of gatewaySENSIGateway ←  

2. for 1  1 to N←  do 

3.       while [ ]i [ ]RSSI SENSINODE Gateway SF< and    

     [ ]i 12SFNODE <         do 

4.           [ ]i 1SFNODE SF← +  

5.           1SF SF← +  

6.       end while 

7.       while [ ] [ ]SF iNo SF n SF>  and [ ]i 12SFNODE <     
      do 

8.              [ ] [ ]i i 1SF SFNODE NODE← +  

9.              [ ] [ ] 1SF SFNo SF No SF← +  

10.         end while 

11. end for 

 The pseudo code of our UW algorithm is described as 

Algorithm 1. First, N is defined as the total number of nodes 

to be implemented in a network. Then, we set a [1 × N] 

RSSINODE  vector to collect corresponding RSSI of each node, 

a [1 × N] SFNODE  vector to store optimal SF for each node, 

a [1 × M] SFNo vector to store the number of nodes for each 

SF, and a [1 × M] SENSIGateway vector to contain gateway 

sensitivity values for each SF. For our algorithm, M is equal 

to 6 since SF can be ranged from SF7 to SF12. When the node 

sends uplink messages to gateway, the signal strength will 

naturally be attenuated along the path.  To ensure no packet 

loss from path attenuation, the RSSI of the packets must be 

greater than the sensitivity of the receiver. In the case of 

LoRaWAN, the higher SF has lower sensitivity value as 

shown in Table I. For an immobile node, each node ideally has 

the same RSSI for all uplink messages. Thus, when the node 

is connected to the network, the system would first check 

RSSINODE of each node and compare to the sensitivity of the 

gateway. Then, the lowest possible SF that has the sensitivity 

greater than RSSI is first assigned to the node as same as the 

Min-airtime technique [1]. However, the SF assignment based 

only on the sensitivity might not give the optimal number of 

nodes for each SF group or SFNo to resolve collision issue. 

Our system will further check and assign higher SF to the 

node. This process aims to optimize the SFNo  as the in  

calculated from (8). Note that, the node can be reassigned with 

higher SF only.  

IV. NETWORK SIMULATION AND RESULTS 

 In this work, LoRaSim [1], which is a LoRa simulator 

based on Simply, is employed to simulate the LoRaWAN 

class A network. For simplicity, only uplink traffics are 

considered. The simulation parameters are defined as shown 

in Table II. The nodes are generated randomly by the default 

Min-airtime method. They are distributed around the single 

gateway that is located at coordinate (0,0) with radius of 8 

km. We model the gateway to mimic the characteristics of the 

SX1301 chip [16]. The simulations of the network utilizing 

the Min-airtime method and the proposed UW algorithm are 

performed under two main scenarios that are same uplink 

time interval among SFs and various uplink time intervals 

among SFs. The network performances for both algorithms 

are evaluated and compared in terms of PRR.   

TABLE II.  SIMULATION PARAMETERS  

Parameter Value 

Carrier frequency (MHz) 923.2 

Bandwidth (kHz) 125 

Code Rate (CR) 4/5 

Preamble length (symbol) 8 

Packet length (byte) 10 

Time interval between 

uplinks (second) 

Exponential distribution with mean of 

150 s  

Number of gateways 1 

Captuer effect No 

Number of nodes 120 – 6,000 nodes 

Pathloss model 

Hata suburban model [17] with  

 Transmitting power = 14 dBm, 

Transmitter antenna gain = 3 dBi, 

Receiver antenna gain = 6 dBi, 

Transmitter antenna height = 1.5 m., 

Receiver antenna height = 10 m. 

A. Same Uplink Time Interval among SFs 
 For the first scenario, we simulate all uplink traffics with 

the same time interval between two uplink packets for each 

SF (SF7 – SF12) on one physical channel. The PRRs are 

measured as a function of number of nodes, from 120 to 6,000 

nodes. The SF distributions of 1,200 nodes using the           
Min-airtime method and the proposed UW algorithm are 

shown in Fig. 1 and Fig. 2, respectively. From our choice of 

the Hata suburban model [17] and assigned node power, SF7 

– SF12 nodes can be assigned within the radius of 6.87 km, 

7.84 km, 8.94 km, 10.19 km, 11.63 km, and 13.62 km 

respectively, as shown in Fig. 3.  

 Thus, within 8 km around the gateway, the Min-airtime 

method assigns only SF7, SF8, and SF9. We also notice that 

most nodes are assigned with SF7. These too many SF7 

packets will overload the SF7 virtual channel while SF10 – 

SF12 virtual channels are idle. The SF7 virtual channel is thus 

the most congested channel, which can lead to low PRR.  On 

the other hand, our algorithm distributes SF7 – SF12 nodes 
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such that all virtual channels can possess the same utilization 

ratio by using (8), which means all the virtual channels are 

exploited equally. As shown in Fig. 4, the PRRs determined 

by both algorithms of the 10 bytes packet and 150 seconds 

time interval decrease when the number of nodes increases. 

The PRR of the proposed algorithm is overall higher than that 

of the Min-airtime method. The maximum improvement is 

around 9.2% at 3,600 nodes, as shown in Table III. 

 

Fig. 1. SF assignment for the Min-airtime method. 

 

Fig. 2. SF assignment for the UW algorithm. 

TABLE III.  PRR IMPROVEMENT BY THE UW ALGORITHM 

PRR 
Improvement 

(%) 

Number of Nodes 
120 600 1,200 2,400 3,600 6,000 
1.36 4.78 6.83 8.53 9.20 7.99 

 

Fig. 3. Assigned area for SF7 – SF12 nodes. 

 

Fig. 4. PRR of the 10 bytes packet with the 150 seconds time interval 

among SFs. 

B. Various Uplink Time Intervals among SFs 
For this second scenario, we consider the concept of duty 

cycle of the LoRaWAN network that limits the time spent on 

a channel. For example, 1% of duty cycle means that the node 

can only send data for a total of 36 seconds in 1 hour. In this 

sense, each SF virtual channel has different capacity to send 

packets due to differences of data rates. With the same length 

of payload, SF7 packets can be sent with the fastest rate, so 

we can send higher number of packets with least time interval 

between uplinks. On the other hand, SF12 packets can be sent 

at the slowest rate, so we can send lower number of packets, 

and with the longest time interval between uplinks.   

From the mentioned idea, we simulate uplink traffics with 

similar settings to the first scenario, except the time intervals 

between uplinks that are varied differently for each SF. 

Number of nodes are varied at 120, 600, and 1,200 nodes. The 

minimum time interval between uplinks, 
,off iT , is used as the 
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reference time for each SF. The 
,off iT  for each SF is calculated 

from 

    
,

i
off i

j

TT
D

= . (9) 

 For the first sub-experiment, we use the reference time 

,off iT for each SF and measure the total PRRs for both 

algorithms. Then, we vary the time interval between uplinks 

up to 5 times of  
,off iT  for each SF. For the Min-airtime 

method, SF7 is still mostly assigned to the nodes, similar to 

the first scenario. Thus, the SF7 virtual channel is still the most 

congested channel. On the other hand, when the imbalance is 

found, our UW algorithm will suggest moving packets to 

other virtual channels that have lower utilization or higher SF 

channel. Although changing to higher SF may lead to longer 

time interval between packets, the total PRR increases 

significantly. As shown in Fig. 5, the PRR increases with the 

time interval and decreases with the number of nodes, for both 

algorithms. The performance of our UW algorithm is, 

however, significantly higher than the Min-airtime method for 

all time intervals and number of nodes. For the networks with 

120, 600, and 1200 nodes, the maximum PRR improvements 

over the Min-airtime method occur at the reference time 

intervals of 1, 3, and 5 x
,off iT  respectively, and are about 34%, 

36%, and 35%, respectively.  

 

Fig. 5. PRR of the 10 bytes packet with various time interval among SFs. 

V. CONCLUSIONS 

 In this paper, we propose the UW algorithm for SF 

management of LoRaWAN based on fair utilization of 6 

virtual M/D/1 channels. Our concept is to equalize packet 

transmissions on each virtual channel (SF7 – SF12) to reduce 

packet collision on a channel with higher load.  The results 

from simulation show that our UW algorithm has better 

performance when comparing to the Min-airtime method for 

both scenarios. Particularly, the PRR of our algorithm is 

improved up to 36% over the Min-airtime method when using 

the various uplink time intervals among SFs scenario. Future 

works include consideration of imperfect orthogonality of 

SFs, multichannel, presence of downlink and other parameter 

adjustments.  
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Abstract— The paper develops a home electrical 
equipment control device via voice commands for elderly 
assistance. This study offers a processing Natural Language 
Processing (NLP)  to extract the text from human voice 
command in case of the turn on and off home’s light switch. 
First, to analyze and design the structure of sound from the 
mobile phone which has the elderly support system installed 
then compare the words with learned database. Secondly, to 
measure the accuracy of command voice with the confusion 
matrix model. Finally, to verify order voice between users and 
systems for matching controlling communication. The 
experiment result shows that 30 messages extracted voice 
command from sample group age between 55-60 years old 
accuracy 85 per cent and able to develop an application using 
voice commands for old people. 

Keywords— Automatic speech recognition, Natural 
language processing, Elderly 

IV. INTRODUCTION  
The population structure of Thailand has entered "Aging 

Society" since 2005, with a proportion of the population 
aged 60 years and over more than 10 per cent. It is expected 
that by 2021, Thailand will have up to 20% of the elderly 
and 2031 will have 28% of the elderly, leading to a high-
level society.[1] 

Table I. A number and proportion of the elderly population Classified by 
age group [8] 

year 
2020 2030 2040 

number Percent number Percent number Percent 

Total 
Elderly 

12,621 100 17,578 100 20,519 100 

Age 60 
- 69 7,255 57.5 9,260 52.7 8,958 43.7 

Age 70 
- 79 3,676 29.1 5,897 33.6 7,639 37.2 

Age 
over 
80 

1,689 13.4 2,420 13.8 7,639 19.1 

 In 2018, Thailand will have one in five elderly 
population comparing children according to the Foundation 
for Research and Development of the Elderly Found that 
Thailand will enter the aging society completely in the year 
2018 [2] In addition to the rankings of Asian countries with 
a rapidly increasing proportion of the elderly population 
today. Thailand is ranked second only to Singapore, so 
having a fast-growing proportion of the elderly population 
shows that Thailand is necessary prepared to support the 
aging society because the elderly are considered a high-risk 
group for various diseases. 

The Ministry of Public Health reported that Thai society 
will have more elderly people in the future and may take 
result in the elderly burden rate increasing which is linked 
to illness. However, if divided the elderly according to their 
potential found that 78% self-care, 20 % family care needed 
and 2% Bedridden. Therefore, the important process to help 
Thai elderly has a better quality of life requires a participates 
from the community to help each other by trying to push the 
elderly group at home move into the social group [3] and to 
help the elderly help themselves or solve the problem of 
being alone that causes depression Therefore bringing more 
technology to get in contact with the elderly. 

Due to the current popularity of voice control 
technology. [4] There are many electrical devices created 
for human convenience. The advancement of the Internet of 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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Things (IoT) is an environment that consists communicate 
and connect via the wired and wireless Communication 
Protocol for various things. [5] There is a way to identify, 
recognize the context of the environment and to interact, 
interact and work together. The communication capabilities 
of this thing will lead to many new innovations and services 
such as voice commands on/off the light switches in 
different rooms without human physical control.  

 
The purpose of this study is to determine developing a 

system to assist the elderly by using voice commands. 
Which is a branch of artificial intelligence Which can use 
Thai And English in conversation To request usage in the 
system Therefore, there is an idea to apply human speech to 
adapt with IoT to control various electrical appliances. 
Inside the house through sounds That will be a tool to help 
facilitate the use of electrical appliances To help facilitate 
the elderly who are at home alone Or without someone to 
take care of, such as voice commands on / off the light 
switch Order voice calls in an emergency Order to open 
different websites, open music or watch videos In order to 
solve loneliness and relieve stress, such as YouTube 
Application, etc., and can use voice commands to activate 
the applications installed on the mobile phones of the 
elderly. 

V. LITERATURE SURVEY 
Speech Recognition is a computer program system that 

can convert audio files into text and humans able to speak 
into the microphone or other devices. The program 
understands accuracy word depend on the size of 
vocabulary groups, volume and pronunciation 
characteristics of the speaker. The system will listen to the 
sound and decide what sound is heard.[6] 

The important technology in ASR is called the Hidden 
Markov Model (HMM). This technology is able to 
understand words. From the classification of differences 
and estimates of the possibility of the components of the 
unit that is the basis of adjacent sounds based on the 
principle that each sound has different signal boundaries 
and unique characteristics. 

 

 
Fig. 1 Speech Recognition  [9] 

Initial, speech recognition will transform voice wave to 
number as a requirement and calculate into Spectral symbol. 
This domain will calculate in each 10 msec and in each part 
called "Frame" and used to classify number into phonetic-
based categories for deploy to Multi-Layer Perceptron 
which has a function for calculating the output of nodes 
from the previous layer  in hidden layer. The Activation 
Function is hiding floor has an important function which 
tries to convert the information into that layer to be able to 
distinguish it using a single straight line (Linearly 
Separable) and before the data will be sent to the Output 
Layer sometimes More than one layer is needed to 
transform data into Linearly Separable form and use the 
Viterbi search algorithm to match the neural network output 
scores with the desired vocabulary, as shown in Figure 2 
Viterbi Search uses The continuation of the base unit of 
sound from the highest possibility calculated through the 
Gaussian Mixture Model. The advantage of Viterbi Search 
is data processing in Real-Time. The disadvantage is that the 
system chooses to Path Prob too low and unable to take into 
consideration again, although sometimes the Path may have 
a higher probability that the Path when search the last word 
in the end of the sentence. 
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Fig. 2 Viterbi Search 

Responding to computers through the use of a mouse 
and keyboard able to understand the operating instructions 
of the computer system getting human access modern 
technology for many years. However, The Automatic 
Speech Recognition (ASR) has change technological barrier 
by making computer operations become easier for all users 
level even unskilled. New technology performance support 
user is able to access or control computer system through 
speech command. 

 
Fig. 3 Automatic Speech Recognition (ASR) Structure System  [10] 

Speech recognition technology is a system that helps 
convert speech into text that the computer system can use 
for further processing This technology was developed 
within the NECTEC research unit. To help reduce 
restrictions on access to modern technology By using the 
natural language processing system to connect users to 
various types of computer services In the speech recognition 
process The system will create a Word Network based on 
the Language Model. Each word consists of the Acoustic 
Model Hidden Markov Model (HMM) of each sound unit 
that Assembled into words After that, the system will enter 
the vector of Speech Feature into the word network. In order 
to calculate the probability of the incoming sound that will 
match which path in the word network and will choose the 
best answer as the route with the highest probability With 
all steps being decoding 

D. Sound Analysis 
Sound Analysis is an extraction sound input for 

additional speech recognition information. Normally, sound 
passes through our ears (Vibration of the eardrum) and 
convert into electrical signals sent to a brain. Although, 

limited of human hearing competency affected some part of 
the sound and only necessary sound received to the brain 
that is the same process of sound analysis will select a spot 
of demand sound wave and convert to text later. 

E. Natural Language Processing [12] 
Natural Language Processing (NLP) define as a field of 

Artificial Intelligence which making computer understand 
human language in purpose communication and analysis 
data as a text. The reason of NLP implement come from 
human needed computer able to transmitting with human, 
supporting reading ability and listening ability. Overview of 

NLP process summary are : 

• Morphological Level : remove words into letters, 
consonants, vowels or spelling 

• Lexical Level : understand each word, mix letters 
and find the meaning 

• Syntactic Level : advert remembered word and 
structure level from standard rule or expertise  

• Semantic Level : understand the context and 
meaning of words in structure or unstructured sentence 
standard. 

• Discourse Level : understand the connection of 
sentences , impact of previous and current meaning 
sentences in difference condition.   

• Pragmatic Level : understand the meaning of 
words and sentences based on situations or prior 
knowledge. Which may not be included in the content So 
that it can be interpreted as close to a human being that 
can connect new information with prior knowledge at all 
times 

F. Decision Tree [31] 
Decision trees is techniques providing results in the form 

of tree structures, which is considered one of the most 
commonly used learning methods in machine learning. 
Classifying data into various classes using the attributes 
of the data to classify decision-making trees obtained 
from learning, to know which properties of the data 
determine the classification and each of the characteristics 
of the data. How important it is, how different it is that it 
is helpful for users to analyze data and make more 
accurate decisions  

Decision tree method include :  
• internal node : The various properties of data are 

used to decide where the data will go, with the internal 
node being the initial node called the root node. 

• branch, link : The property value or condition of 
the property on the node used to classify the data which 
the internal node will branch into equal amount of the 
property value of that internal  

• leaf node : The other result in data classification  
At present, there is development of the algorithm for 

creating decision trees. Which mainly comes from one basic 
method, which is a top-down greedy search called ID3 , 
which begins by selecting the best property and creating the 
root node. The root node, according to the root node's 
properties, will then have the best properties of the separated 
data to continue to create the child nodes of that root node 
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and continue to create child nodes and sub-trees of each 
branch indefinitely. Until the divided data is grouped 
together or the amount of divided data in a given branch is 
less than the specified value. 

The construction of a C4.5 decision tree is similar to the 
ID3  algorithm but with further development, i.e. the use of 
standard values in deciding which properties to use as the 
root or node in the tree. Has the highest gain as the root or 
node. This gain is calculated using knowledge from 
information theory, that is, information values of data 
depend on the probability of data which can be measured in 
the form of bits according to the formula. 

 Ι(Μ) = ∑ − P(mi))
* +,-2 Π(µι) (1) 

If set of M consist possible value {m1 , m2 ,…,mn}  
as possible value mi equal P(mi) 

VI. ANALYZE AND DESIGN THE STRUCTURE OF THE 
SYSTEM 

In terms of designing the structure of the system For the 
development of assistance systems for the elderly using 
voice commands Which will determine the work order of 
this special problem The working process will pick up the 
sound from the mobile phone equipped with the assistance 
system for the elderly. After that, separate the words Then 
compare the words with the database that is used to learn 
the information After that, send the result to Arduino, 
receive the charge to the electrical device and send the 
command to open the application. The study has designed 
the overall system operation as shown in figure 4. 

 

 
Fig. 4 overall system operation design 

System development and device operation For the 
development of assistance systems for the elderly by using 
voice commands Show picture results as follows. 

 
Fig. 5 The step operation of the voice command system to turn on-off 

 the light 

 STEP 1 Voice command “turn on – off the light” on 
mobile application where is voice transferred to signal.  

STEP 2 When system received signal will recoding 
input into speech recognition process then word 
segmentation source based on database convert it to text. 
After word removal stopped, started feature selection and 
classification specific demanded word then send to 
database. 

STEP 3 Information will communicate ip to Arduino 
board via wifi with application in same time, then sending 
command to electric device working follow user’s voice.  

VII. FEATURE SELECTION 
Selecting features for reducing data size But must lose 

the least important characteristics of the data and the 
accuracy of the results to a minimum By considering the 
weight of the key word By choosing the technique of TF-
IDF (Term Frequency-Inverse Document Frequency) by 
replacing documents and search data And counting the 
frequency of words that appear in documents (TF) and the 
inverse frequency with all documents (IDF) which can 
calculate the inverse frequency of all documents as follows 

 ./ − 01/ = ./ × +,-(4/1/) (3) 

TF :  A weight of  number of words that appear in the 
document  

 N : All sentences  

 DF : All documents word appearance  

D. System Validation 
Model simulation describes the model's performance 

using Confusion Matrix as a tool for explanation. And 
calculate the prediction results of the model And compare 
the results The definition of the Confusion Matrix is 
explained as follows. 

-  True Positive (TP) is the prediction correct result 
according to the expected value (Actual).  

- True Negative (TN) is the predictable incorrect results 
according to the expected value (Actual).  

-  False Positive (FP) is the predictions incorrect 
according to the expected value of fallback intent negative. 
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- False Negative (FN) is the prediction incorrect results 
but the prediction of that is not the case. This is Actual 
answers drawn from fallback intent to answer with the 
correct intent and then test using the generated data set. 
After that, the above results are calculated for the accuracy 
as formula below :  
 Correct Mapping (CM) = TP + TN (4) 
 Incorrect Mapping (IM) = FP + FN (5) 
 Accuracy = CM / (CM + IM) (6) 

If CM + IM = 100 in case of accuracy data 

Model simulation describes the model's performance 
using Confusion Matrix as a measure of the quality criteria 
in the system to recheck the correctness of the learning voice 
commands. 

In terms of accuracy, it is determined by the accuracy 
and appropriateness, which can be divided into 5 levels as 
follows :  

• Accuracy of 90 to 100 percent means the 
efficiency is very good. 

• Accuracy of 80 percent means the efficiency  
is good. 

• Accuracy of 70 percent means the efficiency  
is average. 

• Accuracy of 60 percent means the efficiency  
is less. 

• Accuracy less than 60 percent means not 
efficiency. 

VIII. EXPERIMENT RESULT 
The results of the test of voice commands from the 

answers used to test the sample between the ages of 55-60 
years, 30 people to issue voice commands, turn on the lights, 
turn off the lights, amount 3 0  times. From the test results 
showed that 85% accuracy shows. To show that it can really 
help the elderly by using voice commands The results of the 
experiment according to the table : 

 
 

Table II Test results voice command 

No. Voice command sentence Repeat time 
1 Turn on Bed Room’s light  4 

2 Turn on living room’s light  4 

3 Turn on every house’s light  4 

4 Turn off Bed Room’s light  4 

5 Turn off living room’s light  4 

6 Turn off every house’s light  4 

7 Call my son  2 

8 Call ambulance  2 

9 Open Line application 2 

Total 30 

 

Table III System Validation result 

Variable Results 

True Positive (TP) 63 
True Negative (TN) 22 
False Positive (FP) 8 
False Negative (FN) 7 
Correct Mapping (CM) 85 
Incorrect Mapping (IM) 15 

Accuracy 85 
 

IX. CONCLUSION AND DICUSSION  
A development voice commands for elderly assistance 

focus on a home electrical equipment control device via 
mobile application. The research found that the producer 
can develop a system to help the elderly to open applications 
installed on users' phones and turn on-off the light by voice 
commands as you learn the data set in the database by the 
researchers using voice recognition, natural language 
processing (Natural Language Processing), Arduino wifi 
board, Arduino program, Android studio program and Vs 
code program in further development and implementation 
with the help of Google APIs has made the elderly voice 
commands more efficient in voice commands.  

The benefits of the development able to help the elderly 
system to control the on-off of the lights and can be 
extended to increase convenience for the elderly for greater 
convenience when alone at home and also being able to 
provide patients and disabled people. 

Another point able to supporting elderly ability 
controlling mobile application for facilitate using voice 
commands calling other or open applications immediately  

Development of a system to assist the elderly by using 
voice commands Can discuss that From the research 
objectives to develop a system to assist the elderly by using 
voice commands And assess the accuracy of the elderly help 
system by using voice commands The results of the research 
showed that The test number 30 messages 30 testers, the 
testers aged 55-60 years, gave an accuracy of 85 percent 
(Accuracy). The researchers applied Automatic Speech 
Recognition Technology and Natural Language Processing 
to use with voice commands that can help the elderly 
achieving goals efficiently. 

The researchers evaluated the test by using the model 
describing the effectiveness of the Confusion Matrix model 
as the quality criteria in the system. Come to measure 
efficiency, accuracy But there are still limitations with the 
sound being interrupted, resulting in slow processing. And 
may cause audio errors that may cause the message to go 
wrong as well Speaking too fast until the system is unable 
to transcribe the spoken voice into the correct text. And 
internet speeds that affect slower performance related to 
Theerapong and Sittikom reserach [13] that provide the 
same recommendations Should increase the set of voice 
commands to be more diverse Easy to operate And 
increasing the amount of system learning set Therefore will 
increase the efficiency of using voice commands. 



142

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

From the development of a system to assist the elderly 
by using voice commands Can be developed in the form of 
a relay (Relay) which is consistent with the research of 
Chomnuch that provides the same suggestions.[32] 

E. Limitation  
A development voice commands for elderly assistance 

have limitation and future work such as :  
a) The system cannot operate voice commands other 

than the learning kit that has been learned for the elderly 
with voice commands. 

b) The use of voice to operate the system should be 
clear to match the system's instructions. 

F. Future work  
c) Developing a system to assist the elderly by using 

voice commands can be applied to the model in the 
development that can be applied to the development of real-
house lights on and off by using relay circuits for further 
development. 

d) Increasing the amount of imported learning sets 
Will increase the efficiency of using voice commands. 
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Abstract—This research aims to develop an automatic 
verification system with deep learning techniques to verify 
prescription dispensing accuracy. The proposed method will be 
able to help pharmacies to reduce errors that lead to patients 
receiving the wrong medicine to patients. The system consists of 
two models: image classification and text classification. The 
image classification model uses raw medicine blister pack 
images, then removes the background to interpret the features 
based on the pattern recognition for Histograms of Oriented 
Gradients (HOG) of the model. It is composed of Convolution 
Neural Network (CNN), Linear Regression, and Logistic 
Regression. The text classification model uses text extraction to 
obtain imprints appearing on the blister package then matches 
the words to a bag of word. The dataset collected two-hundred 
types of medicine blister packs images inside plastic zip bags as 
a dataset. It includes 300 high-quality images of front-side 
medicine blister packages for each type of package in light-
controlled conditions with a black background, which are used 
for training the model. The automatic verification system uses 
the majority vote based on the confidence of the two models. 
Experimental results, indicate that the image classification 
model of CNN with HOG feature extraction has the highest 
accuracy at 95.83 percent. In-text classification results show that 
the method using Character Region Awareness For Text 
detection (CRAFT), Keras-OCR, and text correction gave the 
highest accuracy at 92 percent. Overall accuracy was 94.23 
percent. 

Keywords—image classification, bag of words, text extraction, 
deep learning, medicine blister pack 

I. INTRODUCTION 
A general hospital uses numerous medicines to treat 

illnesses. The drug dispensing statistics from the Rajavithi 
Hospital reveal that the drug dispensing process has errors of 
3.8 percent [1]. In the dispensing process, a pharmacy looks 
up the medication order in a Medication Management System 
to know the type of medicine, quality, and doctor information. 
The pharmacist receives the medicine from a drug store and 
prints off the counseling documents to provide to the patient 
with more information on the medication in the drug, which 
are put into a plastic zip bag for the patient. During this 
process, pharmacists can be distracted and make errors due to 
multiple reasons, which include a large volume of patients, 
doctor’s handwriting, stress, heavy workload, long hours of 
working, and a low number of pharmacists. The issue 
becomes serious especially when it involves children or the 

elderly. The ultimate objective of this research is to design and 
develop an intelligent medicine identification system using a 
combination of image recognition and optical character 
recognition models to verify prescription dispensing accuracy 
that can recognize medications inside plastic zip bag. The 
purpose is to ensure that the brand, quantity, and drug in the 
form of blister packages to be dispensed, exactly match the 
information specified in the prescription. 

II. RELATED WORK 
In the literature, most of the organizations conduct the pill 

identification of pills, tablets, and capsules by using shapes, 
colors, and imprints. Image processing and machine learning 
have been applied to extract relevant features with a trained 
classifier to accomplish tablet or capsule identification. Y. Lee 
and U. Park [2] proposed an automatic method to match drug 
pill images by using imprints appearing on the pills with edge 
localization and invariant moments features for classification. 
The experiments showed 76.74 percent matching accuracy. 
Chen, R.-C and Chan [3] proposed a neural network, fuzzy 
method, and relevant feedback for classifying pill shapes by 
using five features of drug images including colors, shapes, 
ratio, magnitudes, textures, and dynamic weight. The dataset 
included 2,116 images with 822 types of drug pills were 
downloaded from multiple web sites. Experiment results 
showed a 92.60 percent matching accuracy. S. Suntronsuk [4] 
proposed extracting texts from pill images with a technique 
using Imprint Area and Kasar for processing edge masks of 
the imprint. Experiment results showed that the text imprint 
extraction method has 56.67 percent accuracy. Charlene Tay 
[5] proposed using feature extraction of the image using Hu 
Moments and other shape descriptors to build a classification 
model. Experiment results showed that using a shape classifier 
with the decision method has 81 percent accuracy. Overall, 
organizations classify the pills, except for Jing- Syuan Wang 
[6], who proposed the identification of blister packages. 
Specifically, Highlighted Deep Learning (HDL) uses 
automatic detection and segmentation to remove the 
background to process raw blister packages images, then 
builds a ResNet CNN model to classify the correct blister 
packages types. The dataset was from an experiment at the 
adult lozenge dispensing of MacKay Memorial Hospital. It 
consisted of 272 types of blister packages, with 65 images for 
each type (font and back) for image training and 7 images for 
validation, a total of 39,168 images. The experiments built 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE



145

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

three models consisting of the cropped front view, cropped 
back view, and signature template (both-side view). The 
experiments showed almost 100 percent accuracy by the 
signature template approach. W. Chang [7] proposed ST-
Med-Box assist chronic patients to avoid in taking the wrong 
medications based on deep learning techniques. Experiment 
results showed that accuracy reaches 96.6 percent for classify 
eight types of different medicines. Although many solutions 
have been published to help the patients forget take the wrong 
medication, their solution is focused on pill, tablets, and 
capsules that are not focused on blister packages in zip bags. 

III. SYSTEM OVERVIEW 
This research project aims to develop a model for 

identification of blister packages in zip bags by using machine 
learning techniques. It is expected that the model can be used 
in a prototype machine to help pharmacies reduce errors that 
cause patients to receive the wrong medicine while less 
computation time and guarantees reliability. Figure 1 shows 
the research design.  

 
Fig. 1. System overview of the research design. 

The Intelligent Medicine Identification System is divided 
into five steps that have been taken towards processing the 
image for blister packages identification. The blister packages 
images dataset is processed into two models, image 
classification and text classification. Following that, image 
classification is performed to separate the blister package from 
the background through processes for image classification. 
Otherwise, text classification for matching text appears in the 
blister package to a bag of words. Result from two model 
processes into results based on the confidence of the answer 
for each model. The four components of the system: blister 
image dataset, image classification, text classification, and 
voting, are described. 

A. Blister Package Image 

 
Fig. 2. Example of blister package with rectangle shape. 

 
Fig. 3. Example of blister package with rounded rectangle shape. 

The challenge dataset consists of 200 different types of 
blister packages from the outpatient dispensing station at 
Banphaeo General Hospital. In the dataset for machine 
learning training, researchers included 170 images for each 
type of package inside plastic zip bags with controlled 
environment lighting and positioning, totaling 34,000 images. 
Each blister package has recognition information on front side 
view which is the existing imprint information that contains 
the name of the manufacturer, trade name, expiry date, 
prohibitions and precautions, registration number, and 
warnings of dangerous drugs or special controlled drugs. The 
input images are the main rectangle or rounded rectangle 
shapes, as shown in Fig. 2 and Fig. 3. 

B. Image Classification 

 
Fig. 4. Flow chart of the image classification. 

The image classification is a process in computer vision 
that classifies the blister package type. This step is divided into 
five parts: pre-processing, edge detection, foreground 
extraction, feature extraction, and model, as shown in Fig. 4. 
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1) Pre-processing 

 
Fig. 5. Schematic of pre-processing. 

All the blister package images were already dataset 
imaged on a uniform background. The segmentation process 
resized the images to 300 × 300 pixels, converted them from 
RGB to the HSV model, and performed gaussian blur to 
reduce the high frequency, as shown in Fig. 5. 

2) Edge Detection 

  
Fig. 6. Schematic of edge detection. 

The edge detection is a process to find the boundary of the 
blister package from the blister package image. It is performed 
using canny edge detection [8], morphological operation [9], 
and contours [10], as shown in Fig. 6. 

3) Foreground Extraction 

 
Fig. 7. Schematic of foreground extraction. 

Foreground extraction is a process to extract the 
foreground from the image. It consists of a corner location and 
reorientation. The corner location is a process to approximates 
a polygonal curve from the contours of the image with a 
specified precision. It returns four polygonal points in images. 

Reorientation is an image transform that corrects for the 
effects of perspective. It takes the four points representing the 
outline of the images and applies a perspective transform to 
adjust the orientation adjustment in a top-down or birds eye 
view of the image in order to ensure that blister package 
images have an upright orientation, as shown in Fig. 7. 

4) Feature Extraction 

 
Fig. 8. Blister package processed by feature extraction. 

After the process removes the background in the 
foreground extraction step, the HOG is used to extract the 
characteristics of local shape or features of a blister package 
that extracted location of a dense grid on an image. It is 
divided into small cells and the histogram of the border that 
occurs in a cell is stored by calculating the size and direction 
in horizontal and vertical borders, then a classification model 
is created to classify the combined features. Although the 
HOG gives an accurate description of the contour of blister 
packages images, it requires a large computational time. 
Figure 8 shows the results of blister package images process 
by HOG. 

C. Text Classification 

 
Fig. 9. The flow chart of the text classification. 

The text classification is a process using imprint 
information on the blister package that classifies the blister 
package type. This step is divided into three parts: text 
detection, text extraction, and post-processing, as shown in 
Fig. 9. 

1) Text Detection 

 
Fig. 10. Schematic of pre-processing. 

Text detection is the method of locating areas in an image 
wherever the text is present. It marks the imprint area as 
separate from the blister package with a red rectangular 
bounding box around a sentence and creates a subdivided 
image from a rectangular bounding box into multiple images. 
In one image, there can be multiple rectangular bounding 
boxes, as shown in Fig. 10. 
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2) Text Extraction 

 
Fig. 11. Schematic of text extraction. 

Text extraction is the process that makes the text from 
different types of documents, such as images, available for 
processing in computers. Segmentation is a process of 
changing sentences from OCR into new words using 
lowercase letters such as “Tablet contains” to “tablet” and 
“contain”, as shown in the example in Fig. 11. 

3) Post-processing 

 
Fig. 12. Schematic of post-processing. 

Post-processing is a process to increase the accuracy of the 
text classification. It consists of word correction and text 
matching. Word correction is a process that allows correction 
of misspelled words that are read from OCR. It corrects text 
by looking up a similar word in a medical dictionary that is 
closest to the candidate. Text matching is a process that 
identifies the names of medicine by comparing words and 
sentences with a bag of words in which the medicine names 
that are most similar to that of the drug are found and a result 
is returned, as shown in Fig. 12. 

IV. EXPERIMENTAL RESULTS 

A. Image Classification 
In this experiment, the researchers created three types of 

models by using 200 types of blister packages, each of which 
consists of Linear Regression, Logistic Regression, and CNN 
model. Table I shows the experiment results on image 
classification.  

TABLE I.  EXPERIMENT RESULTS OF IMAGE CLASSIFICATION MODEL 

Trained model 
200 types of Medicine  

Logistic 
Regression  

Linear 
Regression CNNa 

Train-test (80:20) 91.06 % 92.18 % 98.13 % 

Trained model 
200 types of Medicine  

Logistic 
Regression  

Linear 
Regression CNNa 

10-Fold 90.84 % 91.13 % 95.83% 
a. Convolutional Neural Network (CNN) 

The image classification performance of the CNN model 
was compared with those of other model, such as Logistic 
Regression, Linear Regression, and CNN. The overall 
accuracies of the methods that proposed methods in the image 
classification of blister package datasets. The result shown in 
Table I demonstrated that the CNN achieves the highest 
classification accuracy (91.06 percent, 92.18 percent, and 
98.13 percent) in train-test (80:20) and (90.84 percent, 91.13 
percent, and 95.83 percent) in 10-Fold for datasets. The CNN 
has achieved the highest image classification accuracy 
because CNN is the operation of finding patterns. It has kernel 
that basically scan an image and place where kernel have one 
hundred percent matched. 

B. Text Classification 
The researchers used the two pre-trained models for text 

detection Tesseract OCR [11] and Keras-OCR (CRAFT [12] 
and Keras CRNN [13]) by using 200 types of blister packages 
for testing the accuracy of the models. Table II shows the 
results of the text classification models. 

TABLE II.  EXPERIMENT RESULTS OF TEXT CLASSIFICATION MODEL 

Pre-trained model 
200 types of Medicine  

Without Word 
Correction  

With Word 
Correction 

Tesseract OCRb
 52 % 78 % 

Keras-OCR  
(CRAFTb + Keras RCNN) 83 % 92 % 

b. Optical Characteristic Recognition (OCR) 
c. Character-Region Awareness For Text Detection (CRAFT) 

The accuracy of the models is improved by using word 
correction in the post-processing approach in Tesseract OCR 
and Keras-OCR because without word correction some 
characters will be read incorrectly. This may provide another 
word that does not exist in the database, causing the text-
matching process for the comparison of word sentences in a 
bag of word from drug names to be mismatched. 

C. Voting 
Voting is a technique that combines the models to produce 

improvement of the results from text and images-based for the 
confidence answer. If any model of prediction is more 
accurate than the other model, it is used as a final prediction. 
Table III shows the overall accuracy of increase by ensemble 
CNN with Keras-OCR. 

TABLE III.  EXPERIMENT RESULTS OF VOTING 

200 types of Medicine 
Model CNN + Keras-OCRd 

Accuracy (Train-test 80:20) 94.23% 
d. Optical Characteristic Recognition 

V. CONCLUSION 
In this paper, the researchers proposed an image 

identification system for medicines using a combination of 
image classification and text classification. In this system 
pattern recognition and imprint of blister package inside zip 
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bags are extracted. The overall accuracy rate is 94.23 percent. 
The experiment confirms that this method is feasible and 
effective, especially for high contrast blister packages. 
However, the image classification and text classification 
techniques are still imperfect due to the reflection of the plastic 
zip bags, similar colors, magnitude, and texture. In future 
work, the researchers would explore the use of another type of 
image segment from image processing to machine learning in 
image segmentation to increase the accuracy of the blister 
package identification of the system. 
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Abstract—This research develops an application that helps 
the elderly to identify medicine from a mobile image, to reduce 
confusion in taking medication, and thus to reduce the rate of 
medication errors. The data used in this research are collected 
from the medicine blister packs for the elderly consisting of 14 
types of medicine, which are taken with the smartphone 
cameras and amounting to a total of 56,000 single medicine 
blister pack images for image classification model training. For 
object detection model training, there are a total of 21,000 single 
medicine blister pack images with added multiple medicine 
blister pack images amounting to 120 images from the image 
dataset. Text recognition is used to identify the medicine type 
using Keras-OCR. For all experimental results in the image 
classification model experiments reveal that the MobileNet V2 
with 14-class detection has the highest accuracy at 93.79 percent. 
The object detection model is the MobileNet V1 with the highest 
mAP of 0.875 with the Average Precision with 0.5 IoU and 0.75 
IoU at 0.998 and 0.91, respectively. 

Keywords—medicine blister packs, image processing, image 
classification, deep learning, object detection, text recognition 

I. INTRODUCTION 
 In recent years, the elderly rate has been rising more than 
20 percent, while on the other hand, the birth rate has been 
decreasing, which results in an older society in Thailand. The 
research from the Department of Older Persons [1] reports 
that in February 2019, there were 11 million elderly in 
Thailand, with females accounting for 4.9 million people and 
males for 6.1 million people. Due to the rapid rise in the 
numbers of the elderly, there should be a preparation plan for 
the upcoming elderly society. When entering old age, there is 
an inevitable deterioration in natural abilities including the 
onset of diseases which begin in middle age, placing the 
elderly as a group at risk of physical and mental problems, 
mental disorders, and natural diseases, often including 
Alzheimer’s, diabetes, high cholesterol, hypertension, heart 
disease, prostate cancer, osteoporosis, and mental and social 
conditions. The elderly also experience problems of 
intellectual deterioration, such as confusion and depression, 
which may cause dangerous behavior such as forgetting to 
take medication, repeatedly taking medication, or forgetting 
doctor appointments, resulting in an inability to handle the 
symptoms and complications of therapeutics.  

 To address the aforementioned concerns on older society 
in Thailand, this research presents an application that helps 
the elderly to identify medicine from a mobile image, and 
thus to reduce the rate of medication errors. At present, the 
application can recognize the medicine packages of the 14 
most common types of medication that cover the 7 most 
common illnesses or conditions usually found in patients, 
which are Alzheimer's, diabetes, hypertension, high 

cholesterol, heart disease, prostate cancer, and osteoporosis. 
To avoid taking the wrong medications, the application will 
provide the treatment of the medicine, the manufacturer, and 
generic name on medicine packs for each of the medicines 
the application can recognize. Furthermore, the application 
will be used as a medium between caretakers and the elderly 
to notify and monitor the medicine taking of the elderly. 

II. RELATED WORK 
 Deep learning is an arithmetic method created for 
machine learning based on the Convolutional Neural 
Network (CNN). Deep learning is motivated by the 
architecture and functionality of the human brain by 
interconnecting several neurons. The computer vision 
systems, natural language processing systems, audio 
recognition systems, bioinformatics systems, speech 
recognition systems, and image analytics systems, all of 
which now make extensive use of deep learning algorithms. 
This research is mainly interested in image classification, 
object detection, and text recognition methods. 

 Several recent research works have leveraged image 
processing and deep learning algorithms to classify medicine 
images [2–8]. Dongsun Kim and Junchul Chun [2] proposed 
retrieval of the content-based images which are used on 873 
pill image cases with 18 different types of shapes in the 
National Medical Library (NML) database. The shape 
classification uses the k-mean clustering algorithm and the 
Canny edge detector. The authors can prove that the method 
works efficiently when the database has many similar shaped 
images. Yaniv et al. [3] proposed a competition on pill image 
recognition on the RxIMAGE collection. The dataset 
includes 1,000 classes of pills. A training dataset of 7,000 
images: 2,000 high-resolution images and 5,000 low-
resolution quality images and the testing dataset consisting of 
6,486 low-resolution quality images of identical shape and 
color distributions were used. The top 3 competitors were 
“nhatuntsev”, “castelo”, and “msumpf” using feature space 
distances, which are defined as distances weighted sum in 
color and shape space, CNN from Tensorflow open-source, 
and deep learning on features obtained from the Scale-
Invariant Feature Transform (SIFT) descriptor method, 
correspondingly. The top 3 winners got mAP scores of 0.08, 
0.09, and 0.27, correspondingly. Wang et al. [4] proposed a 
highlighted deep learning-based medicine blister package 
identification approach on 272 classes of medicine blister 
packages. The dataset contains images with front and back 
for each type of packages of 72 images, of which 65 images 
of each side were split for training the model, and 7 images 
of each side were split for testing the model. Then the 
conventional Deep Learning (DL) approach was followed by 
using ResNet classifiers on normal images and the 
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highlighted deep learning approach by using ResNet 
classifier on images with a juxtaposed package. The results 
from the conventional DL approach give 92.68 percent and 
91.63 percent from the testing images are correctly identified. 
From the highlighted DL approach the result was 99.84 
percent of the testing images. Chang et al. [5] proposed an 
ST-Med-Box, which is a medicine recognition system based 
on deep learning techniques. The system included medicine 
recognition devices, mobile applications, and cloud-based 
management platforms. The dataset includes 4,000 single 
drug images and 1,000 multiple drug images on 8 classes of 
drugs. The recognition accuracy reaches up to 99.5 percent 
for each of the 8 types of medicine. Magalhães et al. [6] 
proposed a three-staged approach on medicine box 
recognition which uses text recognition, barcode recognition, 
and feature matching techniques for each stage. Image 
features are used to identify the medicine box through a set 
of distinctive features such as Speeded Up Robust Features 
(SURF), SIFT, or oriented Features from Accelerated 
Segment Test (FAST), and rotated Binary Robust 
Independent Elementary Features (BRIEF). The results of 
barcode recognition, text recognition, and feature matching 
techniques are 80 percent, 80 percent, and 100 percent 
success rates, correspondingly. Ou et al. [7] proposed an 
automatic pill image detection approach on the convolutional 
neural network including detection and classification 
methods. The dataset contains 131 classes of pills, which 
compose of 1,680 images with 3,144 annotations for 
detection and 470,000 images for classification. The pill 
detection uses Feature Pyramid Networks (FPN) with Resnet-
50 and the pill classification method uses Xception. For 
testing, the 400 images with 2,825 annotations were used and 
obtained test accuracy of Top 1, Top 3, and Top 5 of 79.4 
percent, 88.3 percent, and 91.8 percent correspondingly. 
Taran et al. [8] purposed a fine-grained recognition of 
pharmaceutical packages from the mobile image. The 
PharmaPack dataset used contains 1,000 classes of 
pharmaceutical packages using consumer mobile phones. 
The dataset is tested on SIFT and aKaZe descriptors with 
recognition based on the RANdom SAmple Consensus 
(RANSAC) matching using a pre-defined number of 
descriptors to be 300, 500, and 1,000. Therefore, the SIFT 
descriptor gives a better result than the aKaZe descriptor for 
all use parameters due to the SIFT descriptor providing more 
informative representations. 

III. PROPOSED METHODS 
 The medicine packs will be identified by using the deep 
learning algorithms which are object detection, image 
classification, and text recognition. This research will cover 
the processes as shown in Fig. 1. The medicine identification 
process will use object detection, image classification, and 
text recognition to find the type of medicine blister package 
image.  

A. The Image Acquisition 
 The 14 types of medicine blister packs images are taken 
from cameras and smartphones. The whole dataset contains 
a total of 14,000 images with a variety of background, 
perspective, and light conditions in each image. The dataset 
is composed of 2 sets: the dataset for the classification model 
and the detection model. The classification model uses a 
single medicine blister pack containing 14 classes of 
medicine and consisting of 4,000 images per each class. 

 
Fig. 1. Research Development Processes. 

 The detection model uses a single medicine blister pack 
dataset consisting of 3,000 images per class and the multiple 
medicine blister packs dataset consisting of 120 images. The 
image contains multiple types of medicine and places in a 
random position and background as shown in Fig. 2 and Fig. 
3. 

 
Fig. 2. Example of a single medicine blister pack image. 

    
(a) Multiple medicine packs image I   (b) Multiple medicine packs image II 

Fig. 3. Example of multiple medicine blister packs dataset for object 
detection. 

1) Data preparation 

 This process is the process of creating useful information 
datasets by preprocessing images or cleaning datasets to 
provide the best input for training models. In this research, 
the dataset is divided into 2 sets: a single medicine blister 
pack image dataset and a multiple medicine blister packs 
image dataset. For a single medicine blister pack dataset with 
a total of 21,000 images, a training set and a testing set are 
divided to the ratio of 8:2 which are 1,200 images and 300 
images per class. In the multiple medicine blister pack 
dataset, 120 images of multiple blister pack images are added 
to the previous training set.  

 The images are then labeled and an XML file is created 
keeping information of the image such as filename, the 
bounding box of the interest object, image size, and 
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annotation of the object. The annotation of the object in this 
research consists of the 14 medicine names. 

2) Training models 

 The object detection model uses a pre-trained model from 
Google TensorFlow posted on Github called model zoo [9]. 
The Single Shot Detector (SSD) MobileNet V1 [10], SSD 
MobileNet V2 [11], and Faster Regional Convolution Neural 
Network (Faster RCNN) Inception V2 [12] architecture are 
used as a pre-trained model in this research. The object 
detection will return the predicted class and the bounding box 
of the object, with the standard loss function for classification 
of prediction class and localization of the bounding box. The 
evaluation metric for the object detection model is using mAP 
values. 

B. Classification 

1) Data preparation 

 In classification, a single medicine blister pack dataset is 
used for model training. The dataset is divided into a training 
dataset and a testing dataset of 3,200 and 800 images per 
class, correspondingly, which are in the ratio of 8:2. The 
images are placed into a subdirectory of each class of 
medicine in the training set and test set. 

2) Training models 

 The image classification model used in this research is 
from the Google TensorFlow pre-trained model. The pre-
trained models that will be used in this research are Inception 
V3 [13], Inception V4 [14], and MobileNet V2 [15]. When 
running the training script the bottleneck is created to analyze 
and caches from the training set. The model will be training 
with a learning rate of 0.1, 0.01, and 0.001 for a total of 500 
epochs. The classification model result is returning the 
predicted class from the image using the standard loss 
function of prediction class from the Tensorflow pre-trained 
image classification Application Programming Interface 
(API). 

 The evaluation metric for the classification model is using 
accuracy level calculated from the confusion matrix which is 
a widely used metric for classification. 

C. Optical Character Recognition (OCR) 

1) Preprocessing 

 To detect text on an image, image preprocessing is an 
important step to achieve better text recognition results. The 
object detection model is used to crop the medicine image 
then the OpenCV Library [16] is used to preprocess the 
image.  

 Once the OpenCV library is successfully integrated, the 
application can preprocess the input image by cropping the 
image to get the interesting text area on the medicine pack. 
Each medicine image will undergo the OCR process for 
extract medicine names from the text in the detected medicine 
pack image. 

2) Text Recognition 

 The text recognition method is using the Keras-OCR 
Library [17]. The Keras-OCR is the compose of the Keras 
Convolutional Recurrent Neural Network (CRNN) 
implementation for text recognition and the Character-
Region Awareness For Text detection (CRAFT) text 

detection model, which provides a high-level API for training 
a text detection and OCR pipeline. The input image from the 
device camera as a bitmap then passes to the Keras-OCR API 
and return text result and bounding box of text in the image. 

IV. EXPERIMENTAL RESULTS 
 The object class was categorized by medicine blister 
package consist of 14 classes, which are “Ambes”, 
“Amlopine”, “Anapril”, “Apolets”, “Calciferol”, “Fosamax”, 
“Harnal Ocas”, “Madiplot”, “Miformin”, “Millimed”, 
“Prenolol”, “Sandoz”, “Vitabion”, and “Zimmex”, 
respectively. These medicines are used for the training model 
in this research. 

A. Experiments on Object Detection 

 In the experiment of object detection, the input images for 
training, validation, and evaluation processes are generated 
by the image annotation tool in the data preparation process 
under the object detection section. There are a total of 21,000 
single medicine blister pack images in the dataset to be input 
data, the 80 percent of the dataset is used for training and 20 
percent for testing. The number of images in each dataset 
amounts to 16,800 images for training and 4,200 images for 
evaluation with multiple medicine blister pack images 
amounting to 120 images added for experimenting on 
detection model comparison.  

 This research experiments on model development with 
different scales of input images used; the experiment is 
divided into 5 experiments which are 14-class detection 
model training on 1,000 single medicine pack images per 
class, 1,000 single medicine pack images per class with 120 
multiple medicine pack images, 1,500 single medicine pack 
images per class, 1,500 single medicine pack images per class 
with 120 multiple medicine pack images, and 3,000 single 
medicine pack images per class. The single medicine pack 
images and the multiple medicine pack images in which the 
images are used for training are as shown in Fig. 2 and Fig. 
3, correspondingly.   

 
Fig. 4. Model evaluation comparison of MobileNet V1. 

 
Fig. 5. Model evaluation comparison of MobileNet V2. 
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Fig. 6. Model evaluation comparison of Faster RCNN Inception V2. 

 According to the high performance and well-developed 
neural network models of TensorFlow object detection 
techniques, we only experiment in the aspect of model 
compatibility for this research. Participating models in this 
experiment comprise SSD MobileNet V1, SSD MobileNet 
V2, and Faster R-CNN Inception V2. 

 For all experimental results of object detection methods 
are demonstrated in Fig. 4 and Fig. 6 reveals that the detection 
model using higher images per class for training gives better 
results. From all the results from Table I, the Faster R-CNN 
Inception V2 with 14-class detection trained with 3,000 
images per class has the highest mAP of 0.875 with the 
Average Precision of 0.5 IoU and 0.75 IoU at 0.998 and 0.91, 
respectively.  

TABLE I. EXPERIMENTAL RESULTS OF OBJECT DETECTION MODELS 

Architecture Dataset mAP 0.5 
IoU 

0.75 
IoU 

MobileNet V1 

1000 images 0.659 0.902 0.848 
1000 images with 120 
multi-labeled dataseta 0.648 0.887 0.836 

2500 images 0.738 0.998 0.887 
2500 images with 120 
multi-labeled dataseta 0.75 0.992 0.944 

3000 images 0.875 0.998 0.91 

MobileNet V2 

1000 images 0.612 0.925 0.767 
1000 images with 120 
multi-labeled dataseta 0.585 0.913 0.724 

2500 images 0.657 0.997 0.83 
2500 images with 120 
multi-labeled dataseta 0.647 0.998 0.839 

3000 images 0.814 0.994 0.98 

Faster RCNN 
Inception V2 

1000 images 0.656 0.921 0.799 
1000 images with 120 
multi-labeled dataseta 0.636 0.895 0.842 

2500 images 0.743 0.999 0.927 
2500 images with 120 
multi-labeled dataseta 0.713 0.997 0.905 

3000 images 0.759 0.998 0.978 
a. Multiple medicine pack images dataset, which contains 120 images 

B. Experiments on Image Classification 

 In the experiment of image classification, the input 
images for the training, validation, and evaluation process 
consist of the same 14 classes from the object detection 
dataset. There are a total of 56,000 single medicine blister 
pack images from the image dataset to be input data, 80 
percent of the dataset is selected to be the training and testing 
dataset. The number of images in each dataset amount to 

44,800 images and 11,200 images of training and evaluation 
datasets, respectively.  

 As in object detection experiments, we only experiment 
in the aspect of model compatibility for this research. 
Participating models in this experiment comprise MobileNet 
V2, Inception V3, and Inception V4. All experimental results 
in this experiment demonstrated in Table II reveals that the 
MobileNet V2 with 14 class detection has the highest 
accuracy at 93.79 percent.  

TABLE II. EVALUATION RESULTS OF IMAGE CLASSIFICATION 
MODELS 

Class MobileNet V1 Inception V3 Inception V4 
14 Classes 

(4,000 images) 93.79% 92.75% 94.85% 

C. Comparing Results 

 From the previous section, the object detection model and 
classification model can both classify the medicine image. 
This section concerns on comparisons of the efficiency of the 
classification’s weights. 

 For the classification model, the selected model was 
MobileNet V2 architecture. The model achieved an accuracy 
level on the evaluation dataset of 93.79 percent. The 
confusion matrix values are illustrated in Table III which 
shows the model can predict relatively accurate due to the 
overall accuracy, precision, and recall values. The bold 
character indicates that the “Sandoz” class gives the highest 
sensitivity, specificity, and precision of 1.00. The “Sandoz” 
class predictions give zero false negative values and 70 true 
positive value which is the total number of test images of the 
class. However, other classes have fairly high values of 
precision, sensitivity, and specificity. 

TABLE III. CONFUSION MATRIX OF CLASSIFICATION MODEL 

Name TP FP TN FN 

Ambes 87 12 987 59 

Amlopine 87 0 987 71 

Anapril 86 1 988 70 

Apolets 80 6 994 65 

Calciferol 85 3 989 68 

Fosamax 88 1 986 70 

Harnal Ocas 80 3 994 68 

Madiplot 46 15 1,028 56 

Miformin 83 1 991 70 

Millimed 56 14 1,018 57 

Prenolol 83 4 991 67 

Sandoz 70 0 1,004 71 

Vitabion 53 7 1,021 64 

Zimmex 90 4 984 67 

 For the object detection model, the selected model was 
MobileNet V1 architecture. The model achieved very precise 
localization of medicine packs, but for the classification, it 
achieves an accuracy level on the evaluation dataset of 82.34 
percent. The confusion matrix is illustrated in Table IV 
showing the model can predict relatively accurate due to the 
overall precision and recall values. The bold character 
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indicates that the “Madiplot” class gives the highest 
sensitivity, specificity, and precision of 1.00. The “Madiplot” 
class predictions give zero false negative values and 249 true 
positive values which is the total number of test images of 
“Madiplot” class, while other classes have false-negative 
predictions which result in lower values of precision, 
sensitivity, and specificity. 

TABLE IV. CONFUSION MATRIX OF OBJECT DETECTION 

Name TP FP TN FN 

Ambes 250 9 2,632 609 

Amlopine 249 125 2,633 493 

Anapril 248 87 2,634 531 

Apolets 184 20 2,698 598 

Calciferol 250 163 2,632 455 

Fosamax 250 5 2,632 613 

Harnal Ocas 250 192 2,632 426 

Madiplot 249 0 2,698 618 

Miformin 126 0 2,756 618 

Millimed 247 11 2,635 607 

Prenolol 220 0 2,662 618 

Sandoz 184 0 2,698 618 

Vitabion 93 3 2,789 615 

Zimmex 82 3 2,800 615 

TABLE V. CONFUSION MATRIX OF CLASSIFICATION ON DETECTED 
IMAGES 

Name TP FP TN FN 

Ambes 250 95 1,998 1,157 

Amlopine 166 6 2,082 1,246 

Anapril 232 15 2,016 1,237 

Apolets 240 273 2,008 979 

Calciferol 183 139 2,065 1,113 

Fosamax 137 210 2,111 1,042 

Harnal Ocas 31 0 2,217 1,252 

Madiplot 52 0 2,196 1,252 

Miformin 148 41 2,100 1,211 

Millimed 228 180 2,020 1,072 

Prenolol 53 12 2,195 1,240 

Sandoz 209 18 2,039 1,234 

Vitabion 72 11 2,176 1,241 

Zimmex 247 252 2,001 1,000 

 For the experiment on enhancing the classification 
method, the detection model was used for localization then 
sending a cropped medicine image to the classification 
model. The accuracy of classification dropped to 64.22 
percent, as shown in the confusion matrix in Table V. The 
values show the model can predict quite accurately due to the 
overall accuracy, precision, and recall values. The bold 
character indicates that the “Anapril” class gives the highest 
sensitivity, specificity, and precision of 0.93, 0.99, and 0.94, 
correspondingly. The “Anapril” class predictions give 15 

false negative values and 232 of true positive value which is 
almost the total number of test images of the class. However, 
some of the other classes have fairly low values of precision, 
sensitivity, and specificity. 

D. Experiments on OCR 

1) Medicine name recognition 

 In the experiment of OCR, the input images for the 
evaluation process consist of the 14 medicine blister pack 
classes which are the same as in the object detection and 
image classification dataset.  

TABLE VI. CONFUSION MATRIX OF TEXT RECOGNITION USING 
KERAS-OCR 

Name TP FP TN FN 

Ambes 25 0 324 1 

Amlopine 25 0 324 1 

Anapril 25 1 324 0 

Apolets 25 0 324 1 

Calciferol 25 0 324 1 

Fosamax 25 0 324 1 

Harnal Ocas 25 0 324 1 

Madiplot 24 0 325 1 

Miformin 25 0 324 1 

Millimed 25 0 324 1 

Prenolol 25 0 324 1 

Sandoz 25 0 324 1 

Vitabion 25 0 324 1 

Zimmex 25 0 324 1 

  The experimental results reveal that the Keras-OCR 
with 14 class text recognition with a total of 25 single 
medicine blister pack images from the image dataset to be 
input data, has the highest accuracy at 99.71 percent. From 
Table VI, the confusion matrix demonstrates the evaluation 
of each class on Keras-OCR. It shows that only one of the 
images was classified incorrectly which is from the 
“Madiplot” class. 

V. DISCUSSION AND CONCLUSIONS 

 To identify medicine blister packages by an efficient 
system, this paper proposes a medicine identification system 
on mobile devices for the elderly, where the image was taken 
undergoes 3 processes which are object detection, image 
classification, and text recognition. The final result will be 
given by weighting between the three results. The overall 
identification performance of each process, when evaluated 
on the test data is accurate. Hence, the associated four sides 
of the medicine can be efficiently and precisely located by the 
detection model. For the image classification model, the 
results were fairly high due to the model being trained with 
the whole images without cropping out the background, along 
with the high performance and well-developed neural 
network models of TensorFlow image classification 
algorithms. Lastly, the text recognition gave almost perfectly 
accurate results due to the input image being quite clear to 
read, hence it was small in size. The Keras-OCR did an 
excellent work of detecting and recognizing text, along with 
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the preprocessing function of the image before extracting the 
text on the images. The proposed system can effectively 
reduce the problem of medication errors caused by taking 
incorrect medicine, thus giving the elderly a safe medication 
environment.  

 In future work, the number of images in the dataset should 
be added to train image classification and object detection 
models to yield higher test accuracy. The expiry date can be 
extracted using the OCR method to caution the elderly when 
taking medicine to avoid consuming expired medicine. 
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Abstract—Since 2018, Thai People Map and Analytics Platform
(TPMAP) has been developed with the aims of supporting
government officials and policy makers with integrated household
and community data to analyze strategic plans, implement
policies and decisions to alleviate poverty. However, to acquire
complex information from the platform, non-technical users
with no database background have to ask a programmer or a
data scientist to query data for them. Such a process is time-
consuming and might result in inaccurate information retrieved
due to miscommunication between non-technical and technical
users. In this paper, we have developed a Thai conversational
agent on top of TPMAP to support self-service data analytics
on complex queries. Users can simply use natural language
to fetch information from our chatbot and the query results
are presented to users in easy-to-use formats such as statistics
and charts. The proposed conversational agent retrieves and
transforms natural language queries into query representations
with relevant entities, query intentions, and output formats of
the query. We employ Rasa, an open-source conversational AI
engine, for agent development. The results show that our system
yields F1-score of 0.9747 for intent classification and 0.7163 for
entity extraction. The obtained intents and entities are then used
for query target information from a graph database. Finally, our
system achieves end-to-end performance with accuracies ranging
from 57.5%-80.0%, depending on query message complexity.
The generated answers are then returned to users through a
messaging channel.

Index Terms—Conversational agent, Chatbot, Data analytics,
Data visualization, Poverty alleviation

I. INTRODUCTION

Nowadays, most organizations analyze their big data for
making quick and flexible decisions to stay competitive in
the business. For example, in healthcare and clinical research,
advanced analysis on both structured and unstructured clin-
ical data enables intelligent solutions to improve speed and
efficiency in providing life-saving diagnosis and treatment.
In manufacturing industry, new cost-saving and revenue op-
portunities may be discovered. In commercial business, firms
use big data analytics to predict the market trends for making
investment decisions on new products or boosting profitabil-
ity. Big data analytics also has an enormous impact on a
government to improve efficiency in public management [1].
The government can make vital decisions, strategic plans, and
public policies that affect millions of people using big data
analytics. Those obtained products are used for developing

necessary infrastructure, e.g., transportation, healthcare, edu-
cation, and agriculture, and also solving the poverty problem.
By solving the poverty problem, the government can maintain
domestic tranquility, achieve sustainable development, secure
citizens’ basic rights, and promote the general welfare and
economic growth [2].

Thai People Map and Analytics Platform (TPMAP) [3] is a
tool that supports government organizations to discover more
efficient and innovative policies to decrease poverty problem.
Due to data complexity, the present version of TPMAP does
not have a flexible user interface and it requires certain
technical skills to query the data. Only programmers or data
scientists can query and summarize the data. Policy makers,
on the other hand, need to request technical users to query the
data for them. With several parties involved in the process,
the time from making a data request to obtaining results in
a ready-to-use format is then stretched. Furthermore, the data
obtained from the technical users may not exactly match the
required one as a result of miscommunication between them.

A conversational agent or chatbot, which has been devel-
oped and used as a personal assistant in various fields, is a
solution for addressing the lack of technical skill issue. Chat-
bot has become extremely popular for not only in customer
service domain, but also in education, e-commerce, or health-
care domains [4]. Advantages of chatbots include increasing
convenience, reducing the costs for services and supports,
enabling one-to-one marketing, and also creating new methods
for collecting data [5]. The factor that made chatbots widely
available is recent rapid developments of artificial intelligence
(AI), especially natural language understanding (NLU). Many
AI platforms are equipped with building blocks for users to
easily and quickly build a chatbot system, e.g., Facebook Bots
for Messenger1, Google Dialogflow2, IBM Watson Assistant3,
Microsoft Azure Bot Framework4, and Rasa5.

In this paper, we developed a chatbot by applying Rasa,
an open-source framework for building the conversational
pipeline. The main advantages of the framework are that

1https://wit.ai
2https://dialogflow.cloud.google.com
3https://www.ibm.com/cloud/watson-assistant
4https://www.luis.ai
5https://rasa.com

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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it is flexible to be modified and the entire chatbot can be
deployed on premises [6]. Basically, Rasa consists of two key
components: Rasa Core and Rasa NLU [6], [7]. The former
module is for managing conversation dialog and the latter is
for recognizing intent and entities from an input message. Both
of them can run separately or sequentially in a data processing
pipeline. The intent and entities extracted from Rasa NLU are
then transformed into a graph database query for acquiring
information from TPMAP. Currently, the system supports two
types of responses: text messages and chart images.

The remainder of this paper is organized as follows: Sec-
tion II provides a summary of related works. Section III
describes our developed conversational agent. Section IV
presents experimental setting including all resources used in
this study. Section V shows the experimental results and
discusses about them. Section VI concludes the study.

II. RELATED WORK

Table I summarizes conversational agents developed as a
key component of self-service data analytics systems in many
domains. Their tasks are ranging from fundamental ones, e.g.,
storing data and supporting basic inquiries, to more advanced
ones, e.g., helping users to understand things. Many chatbots,
e.g., AgronomoBot [11], WeightMentor [15], and the work
of Choi et al. [9], have been used for not only answering
questions, but also showing summary reports.

Regarding data visualization in chatbots, the work in [18]
surveyed appropriateness of data presentation in chatbots and
found that more than 50% of questions concerning data
comparisons or trends are preferred to be responded with
charts or graphs instead of text messages. Several recent
works have implemented chatbots that can generate graphs
and charts. GameBot [17], for example, can generate a chart
that summarizes statistics for a sport game or an individual
player. Lauren et al. [13] also developed a chatbot to plot a
historical graph showing openning, closing, high and low stock
prices. Additionally, Bieliauskas et al. [8] developed a chatbot
to simplify complex visualizations.

For Thai conversational agent, many studies have focused
on “AI-based” chatbots. For example, Robloke et al. [14]
developed a chatbot to intelligently collect data from users.
Muangkammuen et al. [12] also developed a chatbot for
answering Thai FAQs using deep learning technique. To the
best of our knowledge, however, there has been no Thai
chatbot that is able to visualize complex query results from
a database for the purpose of self-service data analytics yet.
Hence, we developed the first Thai chatbot for self-service data
analytics on a graph database which can produce responses
with charts for visualizing complex information. Our chatbot
is partially similar to some previous works, e.g., question-
answering systems [10] and the chatbot for book recommen-
dation [16] that applied machine learning techniques to extract
relevant entities and mapped appropriate answers to questions
from data. Nevertheless, our work differs from those in the
way that we developed a system to learn how to process

Fig. 1: Architecture of conversational agent

data from a graph database and transform output results into
appropriate visualizations.

III. CHATBOT DESIGN AND DEVELOPMENT

Fig. 1 illustrates the architecture of our conversational agent.
The chatbot consists of two essential modules, i.e., messaging
channel and conversational AI engine, which are described in
this section as follows.

A. Messaging Channel

The messaging channel acts as a medium for interfacing
and exchanging messages between a human user and a con-
versational agent. In our study, LINE messaging platform6 is
chosen to be the messaging channel. The platform is connected
to our conversational AI engine through its messaging API7.
When a message (in JSON format) is sent over HTTPS
protocol to LINE messaging platform, a webhook event is
triggered to push the message to our conversational engine.
After processing, the engine then sends the output back to the
user by calling LINE platform API.

B. Conversational AI Engine

This module is the core component of our chatbot to process
an input, recognize a user request, query a database, and then
generate an output in a specific format. The module consists of
four sub-modules, i.e., natural language understanding (NLU)
engine, dialog management, query generation, and output
visualization.

1) NLU Engine: Our chatbot agent uses NLU engine to
understand a text message from a user. The engine has 3 steps
to operate, which are explained as follows.

a) Data Preprocessing: An input message is converted
into a suitable format for the later tasks [19]. Basically, the
message is firstly separated into a list of words or tokens
using spaCy tokenizer, however, it has not supported Thai
language yet. So we employed a Thai pre-trained language
model from fastText [20], which consisted of 300-dimension
word embeddings trained using CBOW on Common Crawl
and Wikipedia data, to be used in spaCy tokenizer. Next,

6https://line.me
7https://developers.line.biz/en/docs/messaging-api/overview



157

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

TABLE I: List of related works

Name of Chatbot Domain Year Objective Output Data
Type

Bieliauskas et al. [8] Human-Computer
Interaction (HCI)

2017 To interact with a visualization software and illustrate specific
visualized data from a conversation with a human

Image

Choi et al. [9] Electric Appliance 2017 To interactively instruct users how to use complicate functions of
some appliances

Text, Image

Decha et al. [10] Question Answering 2017 To develop a Thai question answering system to receive an input
question, analyze an expected type of answer, and search for all
possible answers from source documents

Text

AgronomoBot [11] Agriculture 2018 To search and display the data acquired from a Wireless Sensor
Network in farm management systems

Text, Image, File
(PDF)

Muangkammuen et al. [12] Question Answering 2018 To develop a chatbot to answer FAQs, using Long Short-Term
Memory (LSTM), for recognizing Thai textual questions and
applying an information retrieval model for searching mostly
relevant correct answers

Text

Lauren et al. [13] Finance 2019 To provide required information for stock analysis, e.g., stock
prices, historical price graphs, stock prediction, financial news,
and stock sentiment

Text, Image

Robloke et al. [14] Restaurant Booking 2019 To suggest restaurants from user specified information, e.g., food
categories and locations, through automatic-developed dialog

Text

WeightMentor [15] Healthcare 2019 To support weight-control activities of a user by giving personal
feedback and motivational dialogs, or encouraging the user to
submit self-assessment reports

Text, Image

Chaiwong et al. [16] Book
Recommendation

2020 To recommend books and answer questions regarding to books Text

GameBot [17] Sport 2020 To provide information, e.g., an individual player statistic, a team
seasonal score, and a game overview, for sport fans

Text, Image

PyThaiNLP8 is used for annotating part-of-speech (POS) tag
for each token. Pre-determined patterns of regular expressions
are also used for finding some entity patterns, e.g., genders
and areas. Subsequenly, spaCy featurizer converts all tokens
into numeric attribute vectors, which are used as features for
the next two steps that learn and extract related entities and
their attributes as well as classify user intentions.

b) Entity Extraction: Entities appearing in a query mes-
sage generally reflect relevant pieces of information, needed
to be acquired from a database. In our case, those entities
along with their attributes, which appear in TPMAP, are about
people and their attributes and locations. Age, gender, place
name, educational level and household income are examples
of attributes of interest.

Fig. 2 illustrates the entities extracted from an example
of a Thai inquiry, which is translated to English as “What
are the differences in the amounts of the people having
different educational levels, higher than high-school, in the
houses containing a person older than 30 years?”. Under Rasa
framework, we used Conditional Random Fields (CRFs) to
recognize entities and their attributes. The parameters of CRFs
were “True” for BILOU flag, the maximum iteration number
of 50 for algorithm optimization, and the weight of 0.1 for
L1 and L2 regularization. The features used for CRFs were
“low” and “title” features for a word before and after a token,
and “bias”, “prefix2”, “prefix5”, “suffix5”, “title”, “digit”, and
“pattern” features for the token itself. We also added six

8https://github.com/PyThaiNLP/pythainlp

additional features to a list of features for the token, i.e.,
“prefix3”, “prefix4”, “suffix4”, “suffix6”, “suffix7”, and “part-
of-speech type”. Moreover, the synonyms of entities were also
pre-detected and added to the entity dictionary.

Fig. 2: Inquiry message and extracted entities

c) Intent Classification: An intent of a user, e.g., com-
paring or listing a series of data, is another important piece
of information. Particularly, it instructs the system how to
“cook” all relevant information and produce a proper response
corresponding to the user intention. A linear support vector
machine (SVM)9 was applied for classifying an intent on word
embeddings, generated from the terms appearing in the input
message. Training parameters, i.e., types of word embeddings
and a choice of word-embedding aggregation method [21],
were tuned up using a grid search technique. Other SVM

9In this work, scikit-learn (https://scikit-learn.org/stable) was employed for
SVM implementation.
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parameters were set as the default values, i.e., values of 1, 2, 5,
10, 20, 100 for C parameter, 0.1 for gamma parameter, a linear
kernel for the training kernel, the maximum fold number of 5
for cross validation, and weighted F1-score for evaluating the
hyper parameters. For a particular message, all possible intents
are ranked according their scores from the SVM classifier.

2) Dialog Management: The task of this sub-module is
to ask for clarification if a message from a user containing
an unclear intent or missing entities of interest. The dialog
management, which is not our current focus, can be imple-
mented using an open-source machine learning framework.
By providing conversational flows for training a model and
a conversation history, the model can select a suitable action
with the highest calculated probability value [6].

3) Query Generation: The intents and entities obtained
from the NLU engine module are fed into this module to
generate a database query. Since the TPMAP data are stored
in a graph database, relevant nodes and their relationships
related to the input entities are considered for generating the
database query. For example, Fig. 3 shows the nodes and their
relationships in the database, corresponding to the input query
depicted in Fig. 2 (the entities in the query highlighted in
different colors). The generated query string is then used to
acquire some results from the database. Fig. 4 illustrates an
example of the query results.

Fig. 3: Nodes and relations in TPMAP graph database related
to an example of an inquiry message

Fig. 4: An example of a user query with its intent, entities,
and its corresponding query result visualized as a simple bar
chart

4) Output Visualization: The query result from the previous
module is sent to this module in order to present them in
an easy-to-use format, e.g., a bar chart for data comparison.
To generate graphs, we employ the Plotly10 python library
for this task. Currently, our system supports two types of bar
chart plots, i.e., a simple bar chart and a grouped bar chart.
An example of a simple bar chart generated by our work is
shown in Fig. 4 and that of a grouped bar chart is in Fig. 5.

Fig. 5: An example of a user query with its intent, entities,
and its corresponding query result visualized as a grouped bar
chart

IV. EXPERIMENTAL SETTING

A. Database

Fig. 6 shows the graph structure of TPMAP data. TPMAP
data, which is stored in a graph database, consists of
seven types of nodes, i.e., Person, House, Tumbol, Amphur,
Province, Region, and Poverty Indicator. An individual node
has its properties; edges from the node represent relations
to the other entities. Data stored in TPMAP came from two
sources: (1) Community Development Department of the Min-
istry of Interior and (2) the Ministry of Finance [3]. The data
from the former source is the census-based Basic Minimum
Needs (BMNs) yearly surveyed at a nationwide scale. The data
covers 36.89 million individuals and 12.96 million households,
distributed in 84,116 villages, 7,585 tumbols (sub-districts),
878 amphurs (districts), and 76 provinces. The data from the
latter source are Ministry of Finance’s welfare registration
data, covering approximately 14.59 million individuals nation-
wide.

B. Query Message Dataset

To train and test the developed conversational agent, we
generated a set of query messages relating to entities, their
attributes and relations in TPMAP. Basically, a given message
was generated by choosing an intent from a set of intents

10https://plotly.com



159

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

Fig. 6: TPMAP graph database

and related entities from all possible options of entities. Three
types of intents relevant to database queries include listing,
summarizing and comparing data. Other intents, e.g., greeting
and affirmation, were added to the set in order to respond the
conversation smoothly. There were approximately 15 message
patterns for each intent. All combinations of relevant entities
were filled into each pattern to get complete query messages,
which are then used for train and test the agent. There were
totally 8,970 query messages generated.

C. Evaluation Scheme and Measurement

Performance evaluation is conducted at two levels, i.e.,
NLU level and overall level. At the NLU level, the generated
query message dataset was splited into 80% training set
(7,171 messages) and 20% test set (1,799 messages) for intent
classification and entity extraction. The test set contained
totally 15,388 entities to be extracted. F1-score along with
precision and recall were assessed as the measurements for
these trials. Those measurements were calculated using the
following equations.

Precision =
True Positive

True Positive+ False Positive
(1)

Recall =
True Positive

True Positive+ False Negative
(2)

F1-Score = 2 · Precision⇥Recall

Precision+Recall
(3)

At the overall level, we tested whether the developed chatbot
returned an appropriate output. In order to evaluate how well
our agent performed at different levels of query complexity,
the generated query messages were divided into four different
levels by two factors, i.e., existence of entities related to
the area nodes (e.g., Tumbol or Amphur) and existence of
attributes of Person and House nodes. While the most simple
messages did not contain any entities related to the area
nodes or attributes of Person and House nodes, e.g., “Which

amphur has the most number of residents?”, the most complex
messages contained both of them, e.g., “Could you show a
comparison of the number of women having 34-64 year old
in Amphur Phutthamonthon and Amphur Mueang Nakhon
Pathom, Nakhon Pathom province with the number of those
in Amphur Khuan Kalong and Amphur Thung Wa, Satun
province?”. An accuracy was employed as the measurement
for this overall evaluation.

V. RESULTS AND DISCUSSION

Table II shows the precision, recall, and F1-score for intent
classification and entity extraction. All values are the macro
average values among all intent and entity classes. The de-
veloped NLU module achieves F1-score of 0.9747 for intent
classification and 0.7163 for entity extraction. With a correct
intent and complete entity retrieval, the developed chatbot
responds to a user inquiry correctly.

TABLE II: Performance evaluation of intent classification and
entity extraction on NLU level

Process
Measurement

Precision Recall F1-Score

Intent Classification 0.9697 0.9824 0.9747

Entity Extraction 0.8108 0.7134 0.7163

Table III shows accuracy obtained from the evaluation at
the overall level, i.e., the process from retrieving an inquiry
message until replying a final output to a user. The developed
chatbot yields accuracy of 57.5%-80.0% according to the
complexity of input messages. Compared to the performance
on the most simple cases, the chatbot yields lower accuracy
of 5% on inquiry messages having entities related to the area
nodes, and 17.5% on those having attributes of Person and
House nodes. Thus, the complexity of query messages, in
terms of existence of entities related to the area nodes and
attributes of the Person or House nodes, obviously affects the
overall performance of the developed conversational agent.

TABLE III: Accuracy from evaluation on overall level sepa-
rated by complexity of inquiry messages

Factors of
message complexity

Attributes of Person/House

not existing existing

Entities related to
area nodes

not existing 80.0% 62.5%

existing 75.0% 57.5%

VI. CONCLUSION

In this paper, a Thai conversational agent is developed
on top of TPMAP to support self-service data analytics by
providing information in easy-to-use formats corresponding
with natural language inquiries from users. Rasa, an open-
source conversational AI engine, is employed to implement the
conversational agent. An evaluation of the NLU module shows
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that our developed agent performs intent classification with F1-
score of 0.9747 and entity extraction with F1-score of 0.7163.
For an evaluation of the overall process, the chatbot yields
accuracy from 57.5% to 80% according to the complexity
of query messages. If a correct intent is classified and all
entities are retrieved, the chatbot can get all relevant data from
the TPMAP graph database and then return the information,
in form of either a text message or a bar chart, to the user
correctly.

ACKNOWLEDGMENT

The first author was financially supported by Young Scien-
tist and Technologist Program (YSTP), which is a scholarship
awarded by National Science and Technology Development
Agency (NSTDA). This work was also partly supported by
Thai People Map and Analytics Platform (TPMAP), a joint
project between the office of National Economic and Social
Development Council (NESDC) and National Electronics and
Computer Technology Center (NECTEC). The authors wish to
thank Natthapon Chinarangsi for graph database implementa-
tion.

REFERENCES

[1] R. Joseph. (2019) Big data analytics in government: How the
public sector leverages data insights. Accessed on: 15 July 2020. [On-
line]. Available: https://www.intellectyx.com/blog/big-data-analytics-in-
government-how-the-public-sector-leverages-data-insights/

[2] G.-H. Kim, S. Trimi, and J.-H. Chung, “Big-data applications in the
government sector,” Communications of the ACM, vol. 57, no. 3, pp.
78–85, 2014.

[3] N. Surasvadi, P. Ruchikachorn, C. Siripanpornchana, S. Thajchayapong,
and A. Plangprasopchok, “Tpmap: a data analytics and visualization
platform to support thailand target poverty alleviation programs,” in 2019
IEEE Pacific Visualization Symposium (PacificVis). Los Alamitos, CA,
USA: IEEE Computer Society, apr 2019, pp. 325–326.

[4] M. Carisi, A. Albarelli, and F. L. Luccio, “Design and implementation
of an airport chatbot,” in Proceedings of the 5th EAI International
Conference on Smart Objects and Technologies for Social Good, 2019,
pp. 49–54.

[5] F. P. Putri, H. Meidia, and D. Gunawan, “Designing intelligent per-
sonalized chatbot for hotel services,” in Proceedings of the 2019
2nd International Conference on Algorithms, Computing and Artificial
Intelligence, ser. ACAI 2019. New York, NY, USA: Association for
Computing Machinery, 2019, p. 468–472.

[6] A. Harshita, F. Robin, Becker snd Mehnoor, and R. Lucian, “Devel-
opment of an artificial conversation entity for continuous learning and
adaptation to user’s preferences and behavior,” Technical University of
Munich, p. 13, 2019.

[7] T. Bocklisch, J. Faulkner, N. Pawlowski, and A. Nichol, “Rasa:
Open source language understanding and dialogue management,” arXiv
preprint arXiv:1712.05181, 2017.

[8] S. Bieliauskas and A. Schreiber, “A conversational user interface for
software visualization,” in 2017 ieee working conference on software
visualization (vissoft). IEEE, 2017, pp. 139–143.

[9] H. Choi, T. Hamanaka, and K. Matsui, “Design and implementation of
interactive product manual system using chatbot and sensed data,” in
2017 IEEE 6th Global Conference on Consumer Electronics (GCCE).
IEEE, 2017, pp. 1–5.

[10] H. Decha and K. Patanukhom, “Development of thai question answering
system,” in Proceedings of the 3rd International Conference on Com-
munication and Information Processing, 2017, pp. 124–128.

[11] G. M. Mostaco, I. R. C. De Souza, L. B. Campos, and C. E. Cugnasca,
“Agronomobot: a smart answering chatbot applied to agricultural sensor
networks,” in 14th international conference on precision agriculture,
vol. 24, 2018, pp. 1–13.

[12] P. Muangkammuen, N. Intiruk, and K. R. Saikaew, “Automated thai-faq
chatbot using rnn-lstm,” in 2018 22nd International Computer Science
and Engineering Conference (ICSEC). IEEE, 2018, pp. 1–4.

[13] P. Lauren and P. Watta, “A conversational user interface for stock
analysis,” in 2019 IEEE International Conference on Big Data (Big
Data). IEEE, 2019, pp. 5298–5305.

[14] R. Robloke and B. Kijsirikul, “A task-oriented dialogue bot using long
short-term memory with attention for thai language,” in Proceedings
of the International Conference on Advanced Information Science and
System, 2019, pp. 1–6.

[15] S. Holmes, A. Moorhead, R. Bond, H. Zheng, V. Coates, and M. McTear,
“Weightmentor, bespoke chatbot for weight loss maintenance: Needs
assessment & development,” in 2019 IEEE International Conference on
Bioinformatics and Biomedicine (BIBM). IEEE, 2019, pp. 2845–2851.

[16] J. Chaiwong, N. Prajugjit, and K. Sookhanaphibarn, “Book recommen-
dation website with chatbot,” in 2020 IEEE 2nd Global Conference on
Life Sciences and Technologies (LifeTech). IEEE, 2020, pp. 193–195.

[17] Q. Zhi and R. Metoyer, “Gamebot: A visualization-augmented chatbot
for sports game,” in Extended Abstracts of the 2020 CHI Conference on
Human Factors in Computing Systems, 2020, pp. 1–7.

[18] M. Hearst and M. Tory, “Would you like a chart with that? incorporating
visualizations into conversational interfaces,” in IEEE Visualization
Conference (VIS). IEEE, 2019, pp. 1–5.

[19] B. Ravi. (2018) Nlp behind chatbots. Accessed on: 15 July
2020. [Online]. Available: https://medium.com/bhavaniravi/deploying-
a-chatbot-nlp-model-demystifying-rasanlu-2-server-7704afc74d1f

[20] E. Grave, P. Bojanowski, P. Gupta, A. Joulin, and T. Mikolov, “Learning
word vectors for 157 languages,” in Proceedings of the International
Conference on Language Resources and Evaluation (LREC 2018), 2018.

[21] J. Schuurmans and F. Frasincar, “Intent classification for dialogue
utterances,” IEEE Intelligent Systems, vol. 35, no. 1, pp. 82–88, 2019.



161

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

Real-life Human Activity Recognition with Tri-axial
Accelerometer Data from Smartphone using Hybrid

Long Short-Term Memory Networks
Narit Hnoohom1, Anuchit Jitpattanakul2 and Sakorn Mekruksavanich3

1Image, Information and Intelligence Laboratory, Department of Computer Engineering
Faculty of Engineering, Mahidol University, Nakhon Pathom, Thailand

narit.hno@mahidol.ac.th
2Intelligent and Nonlinear Dynamic Innovations Research Center, Department of Mathematics

Faculty of Applied Science, King Mongkut’s University of Technology North Bangkok, Bangkok, Thailand
anuchit.j@sci.kmutnb.ac.th

3Department of Computer Engineering, School of Information and Communication Technology
University of Phayao, Phayao, Thailand

sakorn.me@up.ac.th

Abstract—Human activity recognition (HAR) has an enthu-
siastic research field in time-series classification due to its
variation of successful applications in various domains. The
availability of affordable wearable devices have provided many
challenging and interesting research HAR problems. Current
researches suggest that deep learning approaches are suited to
automated feature extraction from raw sensor data, instead of
conventional machine learning approaches that reply on hand-
crafted features. Based on the recent success of Long Short-Term
Memory (LSTM) networks for HAR domains, this work proposes
a generic framework for accelerometer data based on LSTM
networks for real-life HAR. Four hybrid LSTM networks have
been comparatively studied on a public available real-life HAR
dataset. Moreover, we take advantage of Bayesian optimization
techniques for tuning hyperparameter of each LSTM networks.
The experimental results indicate that the CNN-LSTM network
surpasses other hybrid LSTM networks.

Keywords—LSTM, human activity recognition, deep learning,
time-series data, smartphone, real-life activity

I. INTRODUCTION

Since wearable equipment and portable computing devices
are affordable, there is a large amount of collected data
comprising of locations, motions, human movements’ physio-
logical signals of human movement and environmental infor-
mation. A research field, human activity recognition (HAR),
aims at studying the developments of human behaviors by un-
derstanding the attributes obtained from this data. Smartphones
that are new technologies have many additional features
comprising of multitasking and various sensors. The mobile
devices are being integrated in daily lives quickly. It is also
expected that the devices can efficiently track people’s activi-
ties and help them making their decisions. Data are massively
collected from the people using the wearable devices because
of the inertial sensors embedded in the devices. Physiological
signals data including sensor signals from accelerometer, heart
rate monitors, thermometers and gyroscopes are collected.

Most smartphones have accelerometers. The accelerometers
are sensors measuring objects’ accelerations along referred
axes. The sensors can effectively monitor the actions involving
repetitive motions; for example, standing, walking, running,
sitting and climbing. Data obtained from the sensors may be
processed in order to identify movements’ sudden changes.
Gyroscopes are other standard sensors for smartphones. These
sensors can measure orientation with gravity. Signals from
the sensors can be processed in order to detect the devices’
positions and alignments [1].

Human Activity Recognition (HAR) has attracted the ma-
chine learning community [2] due to availability of real-word
applications such as fall detection in elderly healthcare mon-
itoring [3], exercise monitoring and tracking in sport science
[4] and preventing office work syndrome [5]. Currently, HAR
become one of the challenging research topics due to avail-
ability of sensors in wearable devices (e.g., smartphone, smart
watch, and etc.) that are low cost and less power consump-
tion, including live streaming of time-series data 6. Recent
researches in HAR, both dynamic and static human activities,
are studied by sensor data collected from wearable devices
to achieve better understanding of relationship between health
and behavioral biometric information. The HAR approaches
can be categorized broadly into two categories according to
data sources that are visual-based recognition and sensor-
based recognition. In visual-based HAR, video/image data are
recorded and processed with computer vision techniques [7].
The second HAR category is the sensor-based HAR that works
on time-series data captured from a wide of various sensors
embedded in wearable devices [8]. Due to the advancement
of sensor technology and pervasive computing, sensor-based
HAR is becoming more widely used in smart devices as
smartphones with privacy well protected [9]. Therefore, this
work focuses on the smartphone sensor-based human activity
recognition.

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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Smartphones have various sensors (e.g. accelerometers, gy-
roscopes Bluetooth and ambient sensors) that are used for
recognizing human activities. The sensor-based HAR system
of the smartphones is a machine learning (ML) model that can
continually monitor users’ activities while the smartphones are
attached to the users’ bodies. The conventional approaches for
recognizing the activities adopt machine learning algorithms
(e.g. decision tree, naı̈ve Bayes, support vector machine, and
artificial neural network) [10]. Unfortunately, these approaches
have limitations caused by human domain knowledge. There-
fore, the approaches have limited performances in the terms
of classification accuracy and other evaluation metrics.

Deep learning (DL) approaches are used in order to over-
come the mentioned limitations in this work. The features of
raw data can be learned automatically by using more than one
hidden layer instead of manually extracting the data according
to the human domain knowledge. These approaches’ deep
architecture can extract high-level deep features that are appro-
priate for complicated problems (e.g. HAR). A smartphone-
based HAR is build by employing the deep learning ap-
proaches [11], [12].

So, this work studies LSTM-based human activity recog-
nition with sensor data of smartphone. Four hybrid LSTM
networks have been comparatively researched to impact of
using different kinds of smartphone sensor data from a public
dataset called “a public domain dataset for real-life human ac-
tivity recognition using smartphone sensors” or shortly called
RL-HAR dataset. Moreover, we use Bayesian optimization to
config hyperparameters of the LSTM models.

The structure paper is organized as follows. Section II
provides foundations and background theory used in this study.
Section III proposes the proposed HAR framework for smart-
phone sensor data. The experimental setting and conducted
results show in section IV. Finally, Section V concludes the
results.

II. THEORETICAL BACKGROUND

A. Human Activity Recognition from Sensor Data

HAR focuses to explain human behaviors which enable the
computing systems to proactively support users based on their
requirement [13]. Human activities, such as walking, sitting,
working, and running, can be defined as a set of actions
performed by the user over a period in a given protocol.
Formally, suppose a user is operating some types of activities
applying to a predefined activity set A [14]:

A = {a1, a2, a3, ..., am} (1)

where m stands for the number of activity categories. There
also is a sequence of sensor data (s) gathering that apprehends
the activity information.

s = {d1, d2, ..., dt, ..., dn} (2)

where dt stands for the sensor data reading at time t and n
stands for any sequences and n ≥ m.

The HAR assignment is to build a recognition function F to
predict the activity sequence depended on sensor data reading
s. The function F can be determined as:

F (s) = {a
0

1, a
0

2, a
0

3, ..., a
0

n}, a
0

n 2 A (3)

While the real activity sequence is expressed as:

F (s) = {a⇤1, a⇤2, a⇤3, ..., a⇤n}, a⇤n 2 A (4)

Commonly, implementing such as a HAR system is oper-
ated in five fundamental steps: Data collection, Segmentation,
Feature extraction, Model training, and Classification as shown
in Fig. 1.

Deep learning tends to overcome the limitation of feature
extraction problem in conventional machine learning [15].
Deep learning performances for HAR with different kinds of
networks can be shown in Fig. 2. Feature extraction and model
training processes are simultaneously operated in the deep
learning approach. The features can be automatically learned
through the network instead of being manually hand-crafted
as conventional machine learning approaches [16].

III. PROPOSED METHODOLOGY

The framework LSTM-based human activity recognition
framework, which is proposed in this work, enables the sensor
data captured from smartphone sensor to classify the activity
that the smartphone user has performed. Figure 3 illustrates the
overall methodology used in this study to achieve the research
goal.

A. RL-HAR Smartphone Dataset

The activity public dataset used for the proposed frame-
work is RL-HAR [17]. The RL-HAR dataset contains activity
information that was collected from 19 participants of different
ages, genders, heights and weights. The subjects were doing
real-life activities by carrying a smartphone. There are 4
activities performed by each person (i.e. Active, Inactive
Walking, and Driving). The smartphone integrated tri-axial
accelerometer, gyroscope, magnetometer and GPS was used to
record sensor data while each of the subjects was performing
the four real life activities. Tri-axial linear acceleration data
were acquired at different rates. Some samples are shown in
Fig. 4. The available dataset contains 17,378,634 samples. This
dataset is an imbalanced dataset as shown in Fig. 5.

B. LSTM Architectures

The LSTM networks’ architectures differently used in this
paper include Vanilla LSTM, Stacked LSTM, Bidir-LSTM,
and CNN-LSTM. The Vanilla or original LSTM model has a
single hidden LSTM layer and a standard feedforward output
layer [18]. This model has the Stacked LSTM as an extension
having multiple hidden LSTM layers containing multiple
memory cells. The stacked LSTM hidden layers increase the
depth and accuracy of the model [19]. Currently, the stacked
LSTMs are a stable technique for solving sequence prediction
problems. A stacked LSTM architecture can be considered as
an LSTM model having multiple LSTM layers. Each LSTM
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Fig. 1. Sensor-based HAR using conventaional ML approaches

Fig. 2. Sensor-based HAR using conventaional DL approaches

layer has a sequence output instead of a single value output
to the LSTM layer below. Instead of one output time step for
all input time steps, it is one output per input time step.

The CNN-LSTM architecture utilizes Convolutional Neural
Network (CNN) layers for extracting features on input data
combined with LSTMs in order to improve sequence predic-
tion [20]. CNN-LSTMs were developed in order to predict
visual time series and describe sequences of images such as
videos. It is suitable for solving problems having temporal
structures in inputs; for example, the orders of images in
videos or words in texts, or requiring generated output with
temporal structures such as words in textual descriptions. A
LSTM network that is called CNN-LSTM is presented in this
paper in order to improve the performance of the recognition.

C. Tuning Hyperparameter by Bayesian Optimization

For deep learning algorithms, hyperparameters are impor-
tant because these can directly control the behaviors of training
algorithms. These also significantly affect the deep learning
models’ performances.

To solve functions that are computationally expensive to
find the extrema, Bayesian optimization is an effective method
because it can solve functions without closed-form expressions
and computationally expensive functions, derivatives difficult
to be evaluated, or non- convex functions. The optimization
goal is to find the maximum value at the sampling point for
an unknown function f in this paper.

x+ = argmin
x2A

f(x) (5)

where A stand for the search space of x.
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Fig. 3. The proposed framework of LSTM-based HAR

(a) Active activity data (b) Inactive activity data

(c) Walking activity data (d) Driving activity data

Fig. 4. Some samples from RL-HAR of activity data (a) Active (b) Inactive (c) Walking and (d) Driving
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Fig. 5. Activity lable distribution of PR-HAR dataset

IV. EXPERIMENTS AND RESULTS

In this section, we describe experiment setting and experi-
mental results used to evaluate the LSTM networks for human
activity recognition.

A. Experiments

To compare the performance of each LSTM networks for
the HAR problem, we used variations in the experiments.
The first LSTM network, we used a basic LSTM network
called Vanilla LSTM that composed of only one LSTM hidden
layer working with Dropout and one Dense layer. The second
variation, we added one more LSTM hidden layer. This kind
of this configuration is called Stacked LSTM. In the same way
of addition a LSTM hidden layer, the third variation is Bidir-
LSTM. The fourth variation is CNN-LSTM that is a LSTM
network combining a convolution layer to a LSTM layer. The
summary of these LSTM network architectures is shown in
Table I.

B. Experimental Results

This section presents the results obtained by the experi-
ments. The experimental hardware and software configuration
were as follows. The LSTM-based HAR models in Table I
were implemented by using Python’s Scikit-learn, TensorFlow
[21] and Keras [22] for each tests consisted of the different
LSTM models. All tests were executed on Google Colab
platform. We also optimized the LSTM networks hyperparam-
eters by the Bayesian hyperparameter optimization platform
by SigOpt [23]. This platform is the standardized and scalable
platform that are accompanied by the API generation facili-
tating of model performances. It also allows the state of being
parallelized operations for faster evaluation.

The UCI-HAR dataset was divided into 70% to use as
training data and remaining 30% for testing data. This work
conducts several experiments for evaluating the recognition
performance of the LSTM networks with a variation of metrics
such as Accuracy, Precision, Recall, and F1-score. Table II
shows the accuracy values obtained from the various LSTM
networks which are trained on the RL-HAR dataset.

It can be indicated that the CNN-LSTM networks outper-
forms all the other networks with 93.51% accuracy as shown

in Fig. 6. The performance of all the hybrid LSTM networks
are better that baseline LSTM. The confusion matrix for the
hybrid LSTM networks is shown in Fig. 6.

Fig. 6. Accuracy of the different LSTM networks on the RL-
HAR dataset

C. Comparative analysis with previous works

The comparison of the accuracy of our proposed model
with other LSTM networks is shown in Table III. It is
clear that the proposed CNN-LSTM networks outperforms
the other previous works. The main reason behind achieving
better accuracy is that the spatial feature extraction by layer
convolutional neural network that improve the overall accuracy
up to 3.20% comparing to the latest work [24].

V. CONCLUSION AND FUTURE WORKS

In this study, we proposed a framework of LSTM-based
human activity recognition that explores the LSTM network
worked with high performance for HAR problem. We elected
four types of LSTM networks to comparatively study on
their recognition performance with a smartphone sensors i.e.,
tri-axial accelerometer. We evaluated these LSTM networks
to a public available dataset called RL-HAR by regarding
predictive accuracy and other performance metrics including
precision, recall, and F1-score. The experimental results show
that the CNN-LSTM networks proposed in this work outper-
forms the other baseline LSTM networks with high accuracy
of 98.51%. Moreover, we also compared the proposed LSTM
network to previous work. The CNN-LSTM networks can
improve the accuracy up to 3.20%.

For future direction, developing the LSTM models further
and evaluating the model with different hyper parameters
including the learning rate, batch size, regularization and
others will be investigated. Moreover, we arrange to apply
the proposed model to more complex activities for tackling
other challenges in deep learning and HAR by evaluating it
on other public activity datasets, such as OPPORTUNITY and
PAMAP2 datasets.
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TABLE I. Different architectures of LSTM networks used in this research

DL Models Layer Types
CNN Conv1D-Dropout-Maxpooling-Dense-Softmax
LSTM Lstm-Dropout-Dense-Softmax
Stacked LSTM Lstm-Dropout-Lstm-Dropout-Dense-Softmax
Bidir-LSTM BiLstm-Dropout-Dense-Softmax
CNN-LSTM Conv1D-Conv1D-Dropout-Maxpooling-Lstm-Dropout-Dense-Softmax

TABLE II. Performance metrics of the five LSTM models

Evaluation metrics
Network Accuracy Precision Recall F1-score
CNN 95.22 95.40 95.20 95.20
LSTM 95.71 95.70 95.70 95.70
Stacked LSTM 96.69 96.70 96.70 96.70
Bidir LSTM 95.71 95.70 95.70 95.70
CNN-LSTM 98.51 98.50 98.50 98.50

TABLE III. Performance comparison with the previous work

Ref. Method Sensors Accuracy
Garcia SVM Acc.+GPS. 60.10 ±11.43
Gonzalez SVM Acc.+Magn.+GPS. 62.66 ±11. 68
[24] SVM Acc.+Gyro.Magn.+GPS. 67.22 ±13.13

Proposed
method

CNN-LSTM Only Acc. 98.51
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Can Tweets predict ICO success?               
Sentiment Analysis for Success of ICO Whitepaper: 

evidence from Australia and Singapore Markets 
 

 

    
                 

  
   
   

  

   
                 

  
   
   

   

   
                 

  
   
   

    

   
                 

  
   
   

  

   
                 

  
   
   

      

   
                 

  
   
   

    

Abstract—Initial coin offerings (ICOs) are a new 
fundraising method for businesses, companies or 
entrepreneurs through a smart contract. The ICO fundraising 
model was one of the most popular FinTechs from 2016 to 
2018, as the most supportive tool for startups in countries with 
limitations on initial public offerings (IPOs). Among ICOs 
ended in 2018, the leading sectors of funds raised included 
cryptocurrencies, business platforms, and business service 
projects. An ICO whitepaper contains primary business data 
that can assist in decision-making for investment. Market 
sentiment was used to predict the success of ICOs based in 
Australia and Singapore markets. Results showed that 
sentiment analysis on tweets can be used to predict ICO 
success. 

Keywords—Sentiment Analysis, Initial Coin Offerings, ICO 
Whitepaper, FinTech, Tweets 

I. INTRODUCTION  

Financial technology or FinTech has played an important 
role in the business world. FinTech is used to create a 
competitive advantage or add value and has resulted in a 
high degree of disruption to virtually every area of business. 
FinTech has also played a crucial role in reducing the cost of 
financial transactions by giving people more opportunities to 
access standard financial services. Crowd-funding is a 
method of obtaining funding from the general public through 
an online platform or website. Any individual or organization 
with innovative ideas can raise funds in this manner using 
social networks. An initial coin offering (ICO) is a new 
fundraising method that relies on technology. The company 
or business offering an ICO raises funds from investors via 
an exchange of tokens or assets. ICOs have raised very 
substantial amounts of funds, particularly in 2017 and 2018. 
A total of 3,782 ICOs were opened in 2018 and these raised 
almost $11.4 billion [1].  

Entrepreneurs choose ICOs as a quick, inexpensive, and 
easily accessible method to raise funds by creating awareness 
among global investors via social media. By contrast, ICOs 
have an inherent risk for investors since some businesses are 
startups and their only action plans are the text presented as 

whitepapers. Therefore, comments pertaining to ICO 
whitepapers on websites or social media are crucial for 
investors to consider when making investment decisions. 

II. RELATED LITERATURE 

A. Initial Coin Offerings (ICOs) 
Initial coin offerings (ICOs) as token sales or crowd sales 

are a fundraising method for businesses, companies or 
entrepreneurs through a smart contract. ICOs usually relate 
to blockchain technology and cryptocurrency. Entrepreneurs 
choose ICOs for fundraising as a quick, inexpensive, and 
easily accessible method to raise funds. Social media tools 
are used to create awareness among global investors. The 
ICO issuers use blockchain technology to create new 
cryptocurrencies and then sell these new digital tokens, or 
right of the products or services being developed by the 
ventures, to investors as collateral to support their projects 
[2]. Investors who are interested in investing in the business 
can buy the offering and receive the new cryptocurrency 
tokens issued by the company. These tokens may have some 
utility in using the product or service offered by the 
company, or may just represent a stake in the company or 
project. In 2017, average funding collected by ICOs was 
$24.35 million, while in 2018, the average fund amount was 
$11.52 million [1]. Asia has been a substantial area of 
investment in ICOs, with Singapore, Hong Kong, and China 
as the top three countries with economies based on the 
number of ICOs. In 2019, the trend of using ICOs decreased 
in the top three global ICO markets of the United States, 
Singapore, and England. Singapore was rated the most 
competitive economy in the world, with a score of 84.8 out 
of a possible 100, based on the World Economic Forum in 
2019 [3]. The Government of Singapore oversees regulations 
and promotes the creation of innovative ecosystems for 
entrepreneurs through investment support and legislation. 
The Monetary Authority of Singapore (MAS) is an 
integrated regulator and supervises financial institutions in 
Singapore, which has now become the Fintech center in 
Asia. The FinTech regulatory sandbox provided by the MAS 
is a safe testing space where financial institutions and other 
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financial service providers can test their new business 
models without immediately incurring all the normal 
regulatory consequences. In Australia, Fintech has been 
significantly developed, with strong support from the 
government. Australia is an attractive global destination for 
Fintech investment because the country has a mature, 
diverse, and internationally connected ecosystem. 

B. ICO Whitepaper 
ICO whitepapers provide detail and clarity as information 

sources of the business opportunities offered to ICO 
investors [4]. An ICO whitepaper presents overall public 
information of the business and explains the business model, 
blockchain platform, token sale supply, token sale structure, 
token distribution, use of funds, team, roadmap, etc. [5]. A 
prospective entrepreneur sets up and publishes a business 
canvas or a business model, citing the necessary information 
of the project on the whitepaper [6]. An ICO whitepaper is a 
pre-announcement of the project. Popular social media sites 
that ICOs use for broadcasting the announcement are 
Telegram, Twitter, Facebook, Reddit, Bitcointalk, Medium, 
and YouTube [7][8]. 

An ICO whitepaper is an in-depth report that discloses 
the company project and credibility, especially on topics that 
present problems, and also proposes solutions. The 
whitepaper is an effective way to advertise the quality of the 
ICO project [4]. More than 80.6% of investors read the ICO 
whitepaper and attempt to understand its content before 
investing [8]. An ICO whitepaper helps to protect the 
interests of ICO investors and ensure the long-term viability 
of the ICO [2]. Thus, the ICO whitepaper is an essential 
document, and if adequately written, the ICO project will 
attract many participants and contributors. Investment in an 
ICO has a high chance of profitable return if the business is 
successful; however, the investment also has high risk and 
the business may be unsuccessful [9] resulting in monetary 
loss. Consequently, prospective investors should carefully 
study and understand the investment model before making 
the decision to invest. 

C. Sentiment Analysis 
Twitter is a social networking application and a popular 

information source. Tweets on the Twitter platform can be 
used to assess sentiment analysis for prediction of market 
success. Search trends and total number of tweets are both 
positive signs of fundraising volume. The data of startups on 
social media and ICO rating websites can be used to 
determine the success of the ICOs. The relationship between 
funds raised by startups and Twitter sentiment shows 
increasing emotionality in tweets toward the success of the 
ICO [10]. 

Sentiment analysis is defined as a type of natural 
language processing (NLP) for tracking public mood that 
automatically identifies sentiments within the text. Tweets 
on Twitter are used toward sentiment analysis [10-13]. 
Sentiment analysis allows businesses to understand the 
emotions of their customers through social media, customer 
reviews and surveys [11-13].  

Sentiment analysis is the most common text 
classification tool used for analyzing an incoming message 
and deciding whether the underlying sentiment is positive, 
negative or neutral toward an entity such as business 
products and services, organizations, and experience [14]. 
Sentiment analysis can provide insights into market trends, 

thereby creating new opportunities for business growth and 
product development. Communication of company 
announcements via Twitter attracts investors’ attention and 
decreases information asymmetry [15]. Social media 
platforms such as Twitter, Facebook and YouTube are 
important channels for information dissemination into new 
markets [16]. Nowadays, big data and NLP approaches are 
implemented to evaluate social media sentiments and assess 
the financial success of ICOs.   

III. RESEARCH METHODOLOGY 

A. Data source and method 
Data collection was performed following the steps 

illustrated in Figure 1. 

 

Figure 1. Research Process 

First, a dataset of ICOs was extracted from the website 
www.ico.tokens-economy.com in December 2019. ICOs 
listed in sectors of business service, cryptocurrency, energy, 
entertainment, and platform were collected between 
September 2016 and June 2020, with 185 out of 237 ICOs 
assembled as datasets in Table I. 

TABLE I.  NUMBER OF ICOS COLLECTED FROM DATA 

SAMPLING IN AUSTRALIA AND SINGAPORE BY INDUSTRY 

SECTOR 

 
Industry sector 

Australia Singapore 
Number 
of ICOs 

Data 
sampling 

Number 
of ICOs 

Data 
sampling 

Business service 7 5 41 30 

Cryptocurrency 19 17 74 53 

Energy 2 2 2 2 

Entertainment 4 4 12 11 

Platform 12 12 64 49 

Total 44 40 193 145 
 

Second, demographic data of the ICOs used in the study 
were collected from the website www.ico.tokens-
economy.com. The data included name, ticker, sector and 
country. Additional information was also collated consisting 
of overviews and related data collected from ICO 
whitepapers, documents, and company news from 
www.icobench.io website. ICO data including Hard Cap, 
Soft Cap, Raised Fund, Type of Platform, Bonus, Coin 
Accepting, Token Supply, start and end date, ICO Rating and 
Use of Fund were considered as basic information. This 
approach enabled a greater understanding of the overall 
environment that affected market sentiment of ICOs. Total 
raised funds in comparison to the soft cap were used to 
define the success or failure of the ICO. The soft cap is the 
minimum capital amount raised by a crowdsale campaign to 
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start the project. An ICO that raises funds in excess of its soft 
cap will be considered as successful. In other words, failure 
is defined as an ICO that cannot raise sufficient funds to 
exceed its soft cap. This can be represented as: 

                     X = F – S ; X ≥0     (1) 
 

where; 

 X is the Successful ICO 

 F is the amount of raised funds 

 S is the ICO soft cap 

To determine successful ICOs, the amount of raised 
funds is illustrated in equation (1). If the ICO can raise funds 
(F) of more than its soft cap (S), then the successful ICO (X) 
is equal to or greater than 0.  In this step, we found that 95 
out of 185 ICOs raised funds of more than their soft cap. The 
ICO from the energy sector was removed from the analysis 
because there was only one successful ICO, and this was not 
comparable. 

Subsequently, Twitter data of 95 ICOs were retrieved and 
collected using Scrapy, a python scraping framework. 
Twitter data retrieval was conducted using a keyword search 
as a short name of ICO.  Then, "$" was placed as a prefix to 
indicate the currency of each token and reduced the number 
of irrelevant data retrievals. Eight ICOs were excluded from 
the analysis because of no scraping results from Twitter. 
Hence, 87 ICOs were included for further analysis. The 87 
ICOs comprised 261,975 tweets. Each tweet consisted of (i) 
ID, (ii) username, (iii) tweet, (iv) URL, (v) number of 
retweets, (vi) number of favorites, (vii) number of replies, 
and (viii) date and time. 

Sentiment analysis of the ICOs was then implemented on 
the R program using the “lexicon” package. This package 
supports sentiment analysis based on the NRC Emotion 
Lexicon, which is an emotion dictionary. Table II shows an 
example of a collected tweet in a dataset. This can be 
described as a user ID (ID) 1165758049073737729 whose 
name (username) as Bobcat Crypto tweeted (tweet) that 
he/she had detected a potential MEDIUM strength BUY 
Signal for $HBZ (Hbz-Coin). Buy Volume Increase of 
295%. Price Increase of 16.79%. Current Price BTC 
0.00000003 ($0.0003013071) Trade detected on 
exchange:HitBTC (http://bit.ly/2CEL30A) #HBZ #Crypto 
#HitBTC #Hbz-Coin. This tweet from Bobcat Crypto shared 
the ICO’s data and possibly persuaded other investors to 
back the ICO by describing information of increased volume, 
increased price, and exchanged ICO. Moreover, a hashtag 
symbol can differentiate the Hbz ICO from other ICOs. The 
sentiment of the tweet from Bobcat was considered positive. 

TABLE II.  EXAMPLE OF TWEETS WITHIN A DATA SET 

ID 1165758049073737729 

Username Bobcat Crypto 

Tweet Bobcat has detected a potential MEDIUM 

strength BUY Signal for  $ HBZ  (Hbz-
Coin).  Buy Volume Increase of 295%.  
Price Increase of 16.79%. Current Price BTC 

0.00000003 ($0.0003013071)  Trade 

detected on exchange: HitBTC ( http:// 
bit.ly/2CEL30A   )  #HBZ  #Crypto  

#HitBTC  #Hbz -Coin 

URL /BobcatCrypto/status/1165758049073737729 

Number of retweets 0 

Number of favorites 0 

Number of replies 0 

Date and time 8/26/2019  5:49:12 AM 

 

Twitter data were used to analyze social media comments 
to proceed with the sentiment analysis. The NRC Emotion 
Lexicon is a list of words and their associations. Eight 
emotions were selected as anger, anticipation disgust, fear, 
joy, sadness, surprise, and trust, with two sentiments as 
negative and positive (Figure 2). When combined, this gave 
a total of ten real-valued sentiment scores. This lexicon 
contains a real-valued sentiment score associated with single 
words and is designed specifically for Twitter. Results of the 
sentiment analysis from the R program (Table III) show the 
scores of different sentiments. 

 

Figure 2. Sentiments Analysis by R Program 

TABLE III.  EXAMPLE SENTIMENT SCORE 

Sentiment Score 
anger 117 

anticipation 745 

disgust 43 

fear 185 

joy 336 

sadness 328 

surprise 107 

trust 1253 

negative 471 

positive 1515 
 

Relationships between market sentiment and successful 
ICOs were evaluated using the Orange program. This is an 
open source machine learning and data mining toolkit that 
includes visualization, exploration, preprocessing and 
modeling techniques. The Orange is an easy programming 
tool for machine learning and data mining in Python and 
C++.  Python modules can support data mining tasks from 
data preprocessing for modeling and evaluation [17]. Here, 
classification algorithms were applied as a supervised 
machine learning approach to classify whether tweets 
concerning ICOs were positive, neutral or negative. 

Finally, predictive models were constructed to determine 
an optimal model to predict successful ICOs using the 
sentiment data from Twitter. The predictive models were 
implemented in the Orange program. 
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IV. EMPIRICAL RESULTS 

Among the 87 analyzed ICOs, 53 (60.92%) were 
successful and 34 (39.08%) failed. The business service 
sector had 10 successful ICOs and 7 failed ICOs. The 
cryptocurrency sector had 17 successful ICOs and 15 failed 
ICOs. The entertainment sector had 6 successful ICOs and 2 
failed ICOs. The platform sector had 20 successful ICOs and 
10 failed ICOs as shown in Figure 3. 

 

Figure 3. Number of Successful and Failed ICOs by Industry sector 

As shown in Table IV, Australia had more successful 
ICOs than failed ICOs in the Entertainment and Platform 
sectors, while Singapore had more successful ICOs than 
failed ICOs in all industry sectors. 

TABLE IV.  COMPARISON OF SUCCESSFUL AND FAILED ICOS 

Industry sector Australia Singapore 
Successful Failed Successful Failed 

Business service 1 2 9 5 

Cryptocurrency 1 5 16 10 

Entertainment 2 0 4 2 

Platform 7 0 13 10 

Total 11 7 42 27 
 

Sentiment analysis results from Twitter data show that 
positive tweets were associated with the success of ICOs and 
referred to fundraising achievement.  

The decision tree model is presented in Figure 4. Nodes 
of the decision tree represent the eight emotional aspects as 
the variables anger, anticipation, disgust, fear, joy, sadness, 
surprise, and trust in the tweets, and two sentiments as 
positive or negative. The attribution “Fear” was randomly 
selected as the root node. The decision tree model was based 
on the improved method to decide whether an ICO will be a 
success or not. In the leaf nodes, the number of branches 
extracted from this node is two feature attributions. Equal to 
the possible values, this ICO was found sadness or surprise. 
The sadness attribute was broken down into branches of 
sadness and joy. The fear emotion was considered to be the 
most important factor affecting decision-making by investors 
to predict ICO success or failure.  

The predictive models were generated based on five 
different classification methods consisting of Decision Tree, 
Support Vector Machines (SVMs), Random Forest, Logistic 
Regression and AdaBoost. 

 

Figure 4. Decision Tree Diagram 

 

Performance improvement is most likely driven by the 
domain of the data set. Our method was trained on data 
limitation as a cross-validation setup. The performance of 
each model was evaluated using a 5-fold cross-validation 
approach. The data were divided into 5 equal parts. Four 
parts of the divided data were used for training the predictive 
model and the remaining part was used to test model 
performance. The performances of each method are 
illustrated in the format of confusion matrices as shown in 
Tables V, VI, VII, VIII and IX comprising Decision Tree, 
Logistic Regression, SVM, Random Forest, and Adaboost, 
respectively.  

 TP (True Positive) and TN (True Negative) referred to 
the number of correctly detected successful and failed ICOs, 
respectively. FP (False Positive) denoted failed ICOs that the 
model falsely classified as successful, whereas FN (False 
Negative) referred to the number of successful ICOs that 
were incorrectly classified as failed. 

TABLE V.  CONFUSION MATRIX OF DECISION TREE    

  Predicted  

  False True ∑ 
 

Actual 
False 13 21 34 

True 21 32 53 

 ∑ 34 53 87 

 

TABLE VI.  CONFUSION MATRIX OF LOGISTIC REGRESSION 

  Predicted  

  False True ∑ 
 
Actual 

False 1 33 34 

True 4 49 53 

 ∑ 5 82 87 

 

TABLE VII.  CONFUSION MATRIX OF SVM 

  Predicted  

  False True ∑ 
 
Actual 

False 3 31 34 

True 11 42 53 

 ∑ 14 73 87 

 

TABLE VIII.  CONFUSION MATRIX OF RANDOM FOREST 

  Predicted  

  False True ∑ 
 
Actual 

False 7 27 34 

True 16 37 53 

 ∑ 23 64 87 
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TABLE IX.  CONFUSION MATRIX OF ADABOOST 

  Predicted  

  False True ∑ 
 
Actual 

False 13 21 34 

True 22 31 53 

 ∑ 35 52 87 

 

Performance results of each predictive model are shown 
in Table X.  Logistic Regression was considered to be the 
optimal predictive model for successful ICOs with 57.5% 
accuracy, 98.1% recall, and an F1 score as the weighted 
average of precision and recall at 74.8%. 

TABLE X.  PERFORMANCE EVALUATION RESULTS  

Model AUC Accuracy Precision Recall F1 
Decision Tree 0.527 0.517 0.640 0.604 0.621 

SVM 0.543 0.517 0.574 0.736 0.645 

Random Forest 0.440 0.506 0.590 0.679 0.632 

Logistic 
Regression 

0.593 0.575 0.605 0.981 0.748 

AdaBoost 0.524 0.506 0.627 0.698 0.661 

 

Area under the ROC curve (AUC) value was used to 
indicate the accuracy of the predictor. Results showed close 
completion between Logistic Regression and Random Forest 
at 0.904 (Table XI). 

TABLE XI.  MODEL COMPARISON BY AUC 

Model Decision 

Tree 

SVM Random 

Forest 

Logistic 

Regression 

AdaBoost 

Decision 

Tree 

 0.457 0.870 0.336 0.515 

SVM 0.543  0.748 0.415 0.545 

Random 

Forest 

0.130 0.252  0.096 0.145 

Logistic 

Regression 

0.664 0.585 0.904  0.660 

AdaBoost 0.485 0.455 0.855 0.340  

 

V. CONCLUSIONS 

An association was determined between Twitter 
comments relating to the ICO market and the success of 
ICOs. The fear emotion was considered to be the most 
important factor affecting decision-making by investors. 
Consequently, businesses should consider the fear factor 
when creating an effective marketing policy. Sentiment 
analysis was determined as useful for ICO issuers to generate 
an effective whitepaper that attracted investors and, thereby, 
increased the amount of funds raised. 

The machine learning approach was performed to predict 
the success of ICOs based on tweeted emotions.  

In this paper, 87 ICOs were analyzed; however, the time 
frame of data collection limited the sample size. Future 

studies should increase the sample size and extend the time 
frame to achieve greater accuracy and precision in the 
results. 
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Cryptocurrencies Asset Pricing Analysis:  
evidence from Thailand markets 

 

 

    
    

 
  

 
 

   
    

 
  
  

    
    

 
  
  

 

   
    

 
  
  

     
    

 
  

   
 

   
    

 
  
  

Abstract—Can cryptocurrencies price variations be 
explained by exogenous classical market prices? We evaluate 
this issue by using daily data on some of the most important asset 
prices and indexes in Thailand i.e. Gold, Oil, SET50 index, 
Tourism index, Mutual fund, and THB/USD exchange rate in 
comparison with digital asset prices i.e. Bitcoin, Ethereum, 
Litecoin, Ripple, DASH, and Stellar. By performing both direct 
and inverse relationships using correlation matrix to find 
distance relationship and using minimum spanning tree to find 
the closest path between assets, we found strong direct 
relationship among cryptocurrencies in digital market with 
SET50 index and oil price in classical markets. We also found 
that THB-USD exchange rate has inverse relationship with 
Bitcoin price, SET50 index and oil price. There is a link between 
cryptocurrencies asset price and some classical assets’ market 
price.  

Keywords: cryptocurrencies, digital asset pricing, capital 
market, correlation matrix, minimum spanning tree  

I. INTRODUCTION 
Since the technical white paper of Satoshi Nakamoto 2008 

[1] has been released, Bitcoin is known as the first 
decentralized cryptocurrency. Cryptocurrency is a digital 
asset used as a medium of exchange [2]. Decentralized 
cryptocurrency means that there is no central financial control, 
it does not rely on any financial institution to issue, manage, 
destroy and re-issue for public usage. These cryptocurrencies 
therefore encourage the decentralization of the economy [3]. 

Bitcoin and/or other digital currencies may disrupt or have 
impact to the traditional financial systems. They can provide 
financial services independently and reduce, if not eliminate, 
the requirement of money transfer across states’ borders and 
hence increase the business opportunities. However, the 
digital currency price is volatile compared to other investment 
assets. Price volatility is causing serious concern to investors 
[4]. These concerns lead to appeals for regulation of 
cryptocurrencies. 

In Thailand, cryptocurrencies have started trading since 
2013 with a trading website name www.bx.in.th. The platform 
allows traders to exchange baht to cryptocurrencies. People in 
the market claimed that they can make a lot of money. The 
profit has received many criticisms from financial analysts 

and economists, including the investment regulatory authority 
in Thailand. There are warnings for those who invest or trade 
in the market to be aware of risks due to the high fluctuation 
of the market and high uncertainty compare to the classical 
capital market [5].  

The classical capital markets are financial markets that 
involve long-term debt or equity trading that provide 
financing for more than one year. Commonly, financial 
markets consist of money market and capital markets. 
Generally, money markets are financial markets where 
financial instruments with short-term maturity and high 
liquidity are traded, such as bills of exchange or promissory 
notes. These securities are issued by governments, financial 
institutions, and large companies. The capital market consists 
of two sub-markets which are the primary market, and 
secondary market. The primary market is concerned with 
newly issued securities and is responsible for creating new 
long-term capital. The secondary market manages the trading 
of previously released securities in the market, such as stocks 
and bonds, to maintain liquidity for investors. Capital markets 
with high liquidity and high transparency are of interest to 
investors as well [6].  

Can we use classical financial asset pricing model like 
Fama and French (1993)’s [7] three-factor model or 
Naktnasukanjn et al. (2018) [8] six-factor model to evaluate 
the price and return of the cryptocurrencies? Let us take some 
examination whether there is any relationship between 
cryptocurrencies and asset price in classical financial markets. 
Conrad et al. (2018) [9], and Ciaian and Rajcaniova (2018) 
[10] show strong interconnected relationships between 
cryptocurrencies, but Giudici et al. (2019) [11] shows that 
Bitcoin prices are unrelated with classical market asset prices. 
By comparing between Bitcoin exchanges and traditional 
financial market, Mantegna (1999) [12] proposed the 
minimum spanning tree (MST) to identify the hierarchical 
structure of capital asset prices in financial market. Using the 
correlation matrix as a network structure between node group 
shows different periods due to the large amount of data to be 
analyzed and scattered. Giudici et al. (2019) [11] has adopted 
the random matrix theory (RMT) to filter the data by removing 
the noise contained in it, and that improves its interpretation 
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effectively following the methodology of Tola et al. (2008) 
[13] 

In this research, we are interested in studying on investing 
in the digital asset markets compared to the classical asset in 
capital market in Thailand following the Giudici et al. (2019) 
[11] model. While some other papers examined this issue from 
statistical methods focusing on Bitcoin prices and capital asset 
price to find the relationship of both markets from many 
factors, we, however, are interested in studying the 
relationship between capital market and digital asset market in 
Thailand. Because the advancement of the law and regulation 
from the regulator (SEC) in Thailand creates the confident of 
the trading platform, we believe the cryptocurrencies trading 
are liquid in Thailand market and hence will allow the 
economic mechanism to perform properly.  The research will 
focus on comparing asset price data in each period to find the 
direct relationship and inverse relationship of the returns from 
both markets. 

II. LITERATURE REVIEW 
This section is a collection of literature studies relating to 

this research. To be a reference for efficient operations which 
will be the study of literature as following. 

A. Digital asset market 
The technology behind cryptocurrency is what makes 

cryptocurrency reliable. Related work is the paper of Alen 
Hrga [14] who researched blockchain technology which is the 
technology of cryptocurrency. The paper explains the concept 
of blockchain, which is a technology that decentralizes 
information. It does not store in any local system that can 
verify the accuracy of the data, also that cannot be updated and 
changed to encourage a cryptocurrency is that has the 
transparency of information. The research paper of Hassani et 
al. [15] shows that the combination of cryptocurrencies and 
blockchain technology can reduce the risk of bubbling, which 
is an advantage for digital market operators and investors. The 
blockchain technology is a security network that can analyze 
and share data in real-time, enabling big data analysis to 
improve operational efficiency and profitability for investors, 
while also protecting against the loss caused by price 
fluctuations. 

Ethereum, one of the assets using blockchain technology. 
The Ethereum ecosystem, despite its high diversity in 
composition, popularity in use, service life, and asset trading 
volumes, continues to follow a global structure. Also, Shahar 
Somin et al. [16] show that while this economy is highly 
volatile from various traditional perspectives, it shows a stable 
and balanced form. 

A study of the advantages and disadvantages of digital 
assets was studied in the document’s Giancarlo Giudici (2019) 
[17] focuses on the emerging phenomenon of 
cryptocurrencies. Study the factors of digital currency price 
increases in the market and socio-economic issues and the 
behavior and sustainability of cryptocurrencies. It is 
hypothesized that cryptocurrencies may perform some useful 
functions and increase economic value. The results of the 
study show the advantages of currency which will increase the 
efficiency of the overall investment market due to the speed in 
the operation of each step, including no strict rules. On the 
other hand, there are still disadvantages of cryptocurrencies 
that are not properly controlled, causing the advantages of the 

cryptocurrencies to be misused such as money bubble 
financial crime or disruption to the traditional economy. 

In Thailand, digital assets have been invested and have 
studied the investment in digital assets in the paper's Natnicha 
Tangwattanarat [5] is a study of the perception of Thai 
cryptocurrency investors towards the digital currency market 
by interviewing with 25 Thai cryptocurrency investors. The 
objective of this study is to understand the overall market 
situation and the perception of investors in Thailand towards 
investing in the digital currency and the digital currency 
market. The results from the study show that the interviewees. 
They are aware and have a good attitude towards investing in 
cryptocurrencies on the market situation. Most of them trust 
and continually increase their investment in cryptocurrencies 
regardless of the market situation. Also, investors do not seem 
to be extremely cautious when choosing the digital currency. 
They invest in technical reasons, most of which are about 
perspectives on technology and innovation and positive news 
about social media. 

B. Capital market in Thailand 
Thailand is a developing country that needs capital to 

invest in various industries and businesses, while the amount 
of savings in the country is insufficient due to many factors,  
making capital markets as a source of long-term funding to 
play a role in raising funds for investment and savings for the 
public, with the commercial banking group as the main 
business group of the national economy [18]. 

In 1997, Thailand was faced with the Thai baht currency 
crisis, resulting in the financial institutions of Thailand revised 
regulations and laws to meet international standards, and has 
given opportunities for foreigners to allow the Thai 
commercial banking business [18]. 

In paper's Apinya Wanaset [19] is to study the relationship 
between the capital market and economic growth in Thailand 
after the financial crisis in 1997. By using three methods 
which are unit root test, cointegration test, and causality test 
to find the relationship from the data between 1997 to 2016. 
The results show that economic growth has a positive impact 
on the stock market and the bond market. At the same time, 
the stock market also supports economic growth by allocating 
funds to private investment, which leads to the expansion of 
production and employment. However, the bond market does 
not affect economic growth. But it helps to push the stock 
market expansion by acting as investment management and 
diversification option for investors. 

C. Comparative theory 
The theory that people are generally risk-seeking on losses 

and risk-averse on profits, known as "reflection effect". In 
study's Yang-Yu Liu [20] aims to explore the empirical 
aspects from the reflection effect theory by analyzing and 
comparing the behavior of winning and losing trades from 
more than 28.5 million trades made by 81.3 thousand traders 
of an online financial trading community over 2 years and 4 
months and by using the results to analyze the increase of 
online social trading opportunities. The results of the study 
show that the availability of changes in financial trading 
behavior is subject to individual human decisions, which 
means that trading efficiency will be significantly improved 
when humans understand investments.   

Minimum Spanning Tree is an independent tree that 
connects every vertex in the graph, with the shortest path for 
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creating Prim's Algorithm. It is applied to find the relationship 
of assets by using the distance between assets in the research's 
Paolo Giudici (2019) [11] to study and understand the 
cryptocurrency property price changes, especially the price 
information during the exchange in the Bitcoin market among 
themselves and between markets Bitcoin and traditional 
markets. They have adopted the minimum spanning tree 
(MST) method which is used as a tool for studying the 
relationship between the digital asset market and the 
traditional market. When analyzing direct relationships, the 
results show that the relationship between the digital asset 
market does not have a direct relationship with the traditional 
market. In this research, there is no analysis of inverse 
relationships which may be one of the variables that will show 
the relationship between the two types of market. 

The comparison between digital assets and original assets 
to determine their correlation was studied in paper's Jiaqi 
Liang et al. [21] aims to offer analytical insights to help 
understanding cryptocurrency by treating it as a financial 
asset. They position cryptocurrency by comparing their 
dynamic characteristics with two traditional and massively 
adopted financial assets: foreign exchange and stock. Based 
on the daily close prices for four years, they first construct the 
correlation matrix and asset trees of all the three markets, then 
conduct comparisons on five properties: volatility, centrality, 
clustering structure, robustness, and risk. From the analysis of 
the dynamic characteristics of the market cryptocurrency and 
comparison between the two traditional financial markets, 
foreign exchange markets, and stocks through experiments, 
they found that the correlation matrix and asset chart are 
powerful tools for market analysis. Cryptocurrency as well as 
used in analyzing the foreign exchange market and stock 
market 

III. DATA 
This research will focus on the relationship between the 

capital markets in Thailand and the digital asset market, by 
using daily asset prices for 3 years between 1 January 2016 
and 31 December 2019. The datasets that used in this research 
are the capital market in Thailand including Tourism index, 
mutual fund SET50, Gold, Oil, THB/USD exchange rate, 
obtained from the Tradingeconomics's website and Bank of 
Thailand database. For the digital asset market including 
Bitcoin, Ethereum, Litecoin, Ripple, DASH, and Stellar, there 
are daily digital asset prices that collected from finance yahoo 
website (https://finance.yahoo.com/) 

IV. METHODOLOGY 
The data analyzed in this research are varied in data and 

sources. This data may be contaminated by noise, therefore, 
the random matrix theory (RMT) was used to filter noise from 
the correlation matrix to make the data more accurate. We use  
PG + Filtering methods [22] in this process. After that we 
display the relationship of assets in two ways, direct and 
inverse relationship, through networks by using a minimum 
spanning tree (MST). 

Let Pi(t) and Ri(t) be the price and the return of an asset “i” 
at the time “t”, respectively, where Ri(t) defined as follows: 

 

𝑅𝑅𝑖𝑖(𝑡𝑡) = 𝑙𝑙𝑙𝑙𝑙𝑙𝑃𝑃𝑖𝑖(𝑡𝑡) − 𝑙𝑙𝑙𝑙𝑙𝑙𝑃𝑃𝑖𝑖(𝑡𝑡−1)   (1) 

Let a sequence (Ri(t)) be denoted by Ri. The elements of 
correlation matrix C can be obtained from the following 
formula 

𝐶𝐶𝑖𝑖,𝑗𝑗 =  
𝐸𝐸(𝑅𝑅𝑖𝑖𝑅𝑅𝑗𝑗)−𝐸𝐸(𝑅𝑅𝑖𝑖)𝐸𝐸(𝑅𝑅𝑗𝑗)

𝜎𝜎(𝑅𝑅𝑖𝑖)𝜎𝜎(𝑅𝑅𝑗𝑗)
   (2) 

Where Ci,j is Pearson correlation coefficient between asset 
i and asset j, E is the mean value, σ is the standard deviation.   

Let Q = L/N where N is the number of assets and L is the 
number of days. We call λ a noisy eigenvalue if λ-≤ λ ≤ λ+ 
where λ+ is the maximum eigenvalue and λ- is the minimum 
eigenvalue, is given by. 

𝜆𝜆± = 1 + 1
𝑄𝑄

 ± 2√1
𝑄𝑄

   (3) 
Let Dfiltered be a matrix obtained by replacing all noisy 

eigenvalues of eigenvalue matrix of C by zero, and E be an 
eigenvectors matrix of C. The correlation matrix after filtered 
Cfiltered can be obtained by replacing the diagonal of  
EDfilteredE-1 by 1 (see [22, A.2] for more details). 

To represent the direct relationship and inverse 
relationship between each asset, we create networks with each 
node as an asset and drawing a distance line between the 
nodes. The distance between node for direct relationship will 
be defined as follows: 

      𝐷𝐷𝑖𝑖,𝑗𝑗
+ = √2 − 2𝐶𝐶𝑖𝑖,𝑗𝑗   (4) 

Note that the result of this formula has a range between 0 
and 2 and if D+

i,j close to 0, it means that data set i and data 
set j have a strong direct relationship.  

In the same fashion, we define the distance between node 
for inverse relationship by 

𝐷𝐷𝑖𝑖,𝑗𝑗
− = √2𝐶𝐶𝑖𝑖,𝑗𝑗 + 2   (5) 

Note that the result of this formula has a range between 0 
and 2 and if D-

i,j close to 0, it means that data set i and data 
set j have a strong inverse relationship. 

After that, the minimum spanning tree (MST) method is 
applied to these networks. 

V. RESULT 
From the previous section, the original correlation matrix 

C between return of each asset can be found in Figure 1. The 
closer of the value to 1 the stronger of direct relationship 
between financial assets. On the contrary the closer of the 
value to -1 the stronger of their inverse relationship between 
assets. 

 
Fig. 1. Correlation matrix between return 

To use PG + Filtering methods, we compute Q by using N 
= 12 assets, and L = 1461 days. Thus Q = 132.818, and we 
found minimum eigenvalue (λ−) = 0.826956 and maximum 
eigenvalue (λ+) = 1.189471 from Equation (3). Finding 
eigenvalues matrix from correlation matrix C and replaced the 
noisy eigenvalues within the bound [λ-, λ+] with zero. Then the 
correlation matrix after filtered Cfiltered can be obtained by 



181

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

using the method in section 4.  We found that the filtered 
correlation matrix Cfiltered, as shown in Figure 2, is slightly 
changed from original correlation matrix C. 

 
Fig. 2. Filtered correlation between digital asset market and capital market in 

Thailand 

From Figure 2, the direct distance relationship between 
assets can be determined from Equation (4) and the distance 
can be drawn as a network map and use minimum spanning 
tree to display these relations. The closer the distance 
between assets, the strong relationship shown in Figure 3. 

 
Fig. 3. Minimum spanning tree of direct relationship network 

From Figure 3, we found that the distance between ETH 
and XLM is the shortest, showing the most direct 
relationship. On the other hand, we found that the distance 
between DASH and Tourism is the longest, showing that 
there is no relation. The shortest distance of each asset that 
show in Figure 3 is displayed in Figure 4. 

 
Fig. 4. The shortest distance between assets that show in Figure 3 

From Figure 4, we can estimate the direct relationship 
between assets, each asset has an equal level correlation, 
except Tourism that has no relation to DASH since the 
distance is close to √2. 

From Figure 2, the inverse distance relationship between 
assets can be determined from Equation (5). The distance 
can be drawn as a network map and use a minimum 
spanning tree to find the shortest distance between assets 
shown in Figure 5. 
 From minimum spanning tree, the shortest distance of 
each asset that shows inverse relationship when the value 
close to 0 in Figure 6. 

 
Fig. 5. Minimum spanning tree of inverse relationship network 

 From Figure 5, we found that the distance between THB-
USD exchange and SET50 is the shortest, showing the most 
inverse relationship. As well as the distance between THB-
USD and Oil, BTC, Vayupak fund showing an inverse 
relationship. The shortest distance of each asset that show in 
Figure 5 is displayed in Figure 6. 

 

Fig. 6. The shortest distance between assets that show in Figure 5 

 From Figure 6, we found that the inverse relationship 
between assets is weakly correlated, and we found that THB-
USD is weakly related to most of the assets in this research. 

VI. CONCLUSION 
This research paper contributes evidence to academy that 

there is a link between cryptocurrencies asset price and some 
classical assets’ market price. From three years daily data of 
Thailand asset prices in digital assets and conventional assets 
in classical capital market, we found strong direct relationship 
not only among cryptocurrencies in digital market but also 
with SET50 index and oil price in classical markets. 
Interestingly, the relationship among Ethereum, Stellar, 
Litecoin and DASH are even stronger than between mutual 
fund and SET50 index. This could imply that relationships 
between digital assets are stronger than between conventional 
assets, for example between mutual fund and stock market 
index, which are highly positively correlated. This 
phenomenon that digital assets show stronger relationship 
than conventional assets could be from the differences in 
trading platform or other factors, which is interesting for 
further investigation.  
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The strong direct relationships between Bitcoin and 
SET50 index, and between Bitcoin and oil price reveal the 
connection between digital asset market and classical markets. 
Digital assets could be additional options for investment to 
diversify the risk of investment portfolio. The inverse 
relationship between THB-USD exchange rate and Bitcoin 
and SET50 index could imply the relationships between 
foreign fund flow and investments in stock market and digital 
asset markets, especially Bitcoin. But for other digital assets, 
the weak signal might reveal that the trading is mostly among 
local investors and not much from foreign investment. The 
further investigation to prove these suspicious hypothesis 
could be interesting research papers. 

 

ACKNOWLEDGMENT 

The authors are very grateful acknowledge the support 
from International College of Digital Innovation, Chiang Mai 
University for all support for improving the paper. 

 

REFERENCES 
[1] Nakamoto, S., “Bitcoin: A peer-to-peer electronic cash system,” 

www.bitcoin.org, 2008 
[2] Andy Greenberg, “Crypto Currency,” Forbes, 2019. 
[3] Zixuan Zhang, Michael Zargham and Victor M. Preciado, “On 

modeling blockchain-enabled economic networks as stochastic 
dynamical systems,” Springer, 2020. 

[4] A.S. Hayes., “Cryptocurrency value formation: An empirical study 
leading to a cost of production model for valuing bitcoin” Telematics 
and Informatics. 2017. 

[5] Natnicha tangwattanarat. “a study of the perception of Thai 
cryptocurrency investors towards digital currency market,” 2017. 

[6] Atiphat Rojanawutthitukun. “The determinants on performance of 
banking-sector stocks,” 2011. 

[7] Fama, E. F. and French, K.R. (1993) ‘Common risk factors in the return 
on stocks and bonds’, Journal of Financial Economics, Vol. 33, No. 1, 
pp.3–56. 

[8] Naktnasukanjn, N., Chunhachinda, P. and Padungsaksawasdi, C. 
(2018) ‘Multifactor asset pricing model incorporating coskewness and 
cokurtisis: the evidence from Asian mutual funds’, Int. J. Economics 
and Business Research, Vol. 16, No. 3, pp.308-325. 

[9] Conrad, C., Custovic A., and Ghysels, E., “Long-and short-term 
cryptocurrency volatility components: A GARCH-MIDAS analysis,” 
Journal of Risk and Financial Management. 2018. 

[10] Ciaian, P., and Rajcaniova, M., “Virtual relationships: Short-and long-
run evidence from bitcoin and altcoin markets,” Institutions and 
Money. 2018. 

[11] Giudici, Giancarlo, Alistair Milne, and Dmitri Vinogradov, 
“Cryptocurrencies: Market analysis and perspectives.,” Journal of 
Industrial and Business Economics, 2019. 

[12] Mantegna., “Hierarchical structure in financial markets,” The 
European Physical Journal BCondensed Matter and Complex Systems. 
1999. 

[13] Tola,V., Lillo, F., Gallegati, M.,&Mantegna, R.N., “Cluster analysis 
for portfolio optimization,” Journal of Economic Dynamics and 
Control. 2008. 

[14] Alen Hrga, Federico-Matteo Benˇci ́c and Ivana PodnarˇZarko. 
“Technical Analysis of an Initial Coin Offering,” Institute of Electrical 
and Electronics Engineers Inc. 2019. 

[15] Hassani, Hossein, Xu Huang, and Emmanuel Sirimal Silva. 
“Blockchain and Cryptocurrency. In Fusing Big Data, Blockchain and 
Cryptocurrency,” Cham: Palgrave Pivot. 2019. 

[16] Somin, S. “Network Dynamics of a Financial Ecosystem,” 2020. 
[17] Giudici, Giancarlo, Alistair Milne, and Dmitri Vinogradov. 

“Cryptocurrencies: Market analysis and perspectives,” Journal of 
Industrial and Business Economics. 2019. 

[18] Atiphat Rojanawutthitukun. “The determinants on performance of 
banking-sector stocks,” 2011. 

[19] Apinya Wanaset., “The Relationalship between Capital Market and 
Economic Growth in Thailand,” Journal of Economic and Management 
Strategy. 2018. 

[20] Yang-Yu Liu, Jose C. Nacher, Tomoshiro Ochiai, Mauro Martino and 
Yaniv Altshuler., “Prospect Theory for Online Financial Trading,” 
Public Library of Science. 2014. 

[21] Jiaqi Liang et al. “Towards an Understanding of Cryptocurrency: A 
Comparative Analysis of Cryptocurrency, Foreign Exchange, and 
Stock,” 2019 

[22] Vasiliki Plerou et al. “A Random Matrix Approach to Cross-
Correlations in Financial Data,” American Physical Society. 2002. 

[23] Quoc Khanh Nguyen. “Blockchain – A Financial Technology For 
Future Sustainable Development,” Institute of Electrical and 
Electronics Engineers Inc. 2016. 

[24] Otabek Sattarov. “Recommending Cryptocurrency Trading Points with 
Deep Reinforcement Learning Approach,” 2020. 

[25] Gandal, Neil. “Competition in the cryptocurrency market. Bank of 
Canada Working Paper,” 2014. 

[26] Arianna Agosto. “Financial Bubbles: A Study of Co-Explosivity in the 
Cryptocurrency Market,” 2020. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



183

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

   

Simulation of Autonomous Mobile Robot System 
for Food Delivery in In-patient Ward with Unity 

 

 

Supachai Vongbunyong  
Institute of Field Robotics 

King Mongkut’s University of 
Technology Thoburi 
Bangkok, Thailand 

supachai.von@kmutt.ac.th 

Nitisak Worrasittichai  
Institute of Field Robotics 

King Mongkut’s University of 
Technology Thoburi 
Bangkok, Thailand 

nitisak.w@mail.kmutt.ac.th 

 

Salil Parth Tripathi 
School of Engineering 

IMT Atlantique Bretagne-Pays  
de la Loire 

Nantes, France 
Parth.tripathi@imt-atlantique.net 

Aphisit Takutruea 
Institute of Field Robotics 

King Mongkut’s University of 
Technology Thoburi 
Bangkok, Thailand 

aphisit.ta@mail.kmutt.ac.th 

 

Kitti Thamrongaphichartkul 
Institute of Field Robotics 

King Mongkut’s University of 
Technology Thoburi 
Bangkok, Thailand 

kitti.th@mail.kmutt.ac.th 

Teeraya Prayongrak 
Institute of Field Robotics 

King Mongkut’s University of 
Technology Thoburi 
Bangkok, Thailand 

teeraya.ningg@gmail.com 

Abstract—Logistic management is crucial for effective and 
efficient transportation of various items in hospitals. During 
pandemic situations, especially COVID-19, special in-patient 
cohort ward is established to treat patients who require special 
treatment due to the quarantine protocol. Autonomous Mobile 
Robot (AMR) is used for delivering food and medical supplies 
to individual patients in order to keep the physical distance 
between patients and health workers. In this research, delivery 
by using multiple AMRs working in the in-patient ward is 
simulated. The simulation software is developed in Unity 
platform to study the operations of AMRs in various scenarios.  

Keywords—Autonomous Mobile Robot, Simulation, Hospital 
Logistics, Automated Delivery, COVID-19 

I. INTRODUCTION 

A. Robot systems in COVID-19 situation 
 Logistics in hospital is a process designed for efficient and 
effective management of transportation of various types of 
items in hospitals. [1] classified the items into 7 groups, 
including, food and dietary, medical devices and supplies, 
pharmaceutical items, clothes, general housekeeping items, 
regulated medical waste, and general waste. Nowadays, the 
transportation is generally labor intensive which is carried out 
by skilled and unskilled health workers. These can be 
concerned a waste in the process and can be improved by 
using robotics and automation technology. 

 Autonomous Mobile Robot (AMR) is one of the feasible 
solutions to improve logistics capability. AMRs are generally 
used in industry to automatically transport items between 
specific locations. Fleet management software is generally 
used to control the operations of multiple robots to work 
cooperatively on shop floors in a factory in order to achieve 
the transportation tasks. Similar functions can be adapted to 
be used in hospital environment. A number of research works 
and commercial systems are available (see Section 2-A). 
However, the systems need to be customized according to the 
specific requirements of each hospitals.  

  During pandemic situation, especially COVID-19, 
implementation of mobile robots in hospital is not only for 
improving work efficiency but also for the infection control 
purpose. One of the infection control protocols to lower the 
risk of the health workers from the infectious patients is to 
reduce physical contacts between them. Mobile robots are one 
of the best solutions. They are equipped with particular 
extension for specific functions to serve various tasks in 
pandemic situation [2], e.g. tele-medicine, items delivery, 
UVC disinfection, general communication, and etc. The 
robots will operate in the special controlled in-patient ward 
while the doctors and nurses control the system from outside. 

B.  CARVER AMR system overview 
 In this research, CARVER-Cab (see Fig. 1), an AMR 
designed for bulk delivering items (i.e. food, medicine, and 
medical supplies) to individual patients are developed [3]–[5]. 
The AMR can automatically navigate to specific locations -
load-in/out station and patient beds – in the cohort ward. The 
operation area is predetermined with CAD model of the floor 
plan. Currently, CARVER system has been installed and 
operated in at least four public hospitals in Bangkok, Thailand.  

 
Fig. 1 Functions and features of CARVER-Cab 

 In this article, one cohort ward is selected as a case study. 
The objective of this project is to evaluate the performance 
and utilization of the system that consists of multiple robots 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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working together. The process simulation is carried out by 
using Unity, which is a real-time 2D-3D development 
platform [6]. The operational environment is dynamic as the 
state of items can change according to the assigned conditions. 
From the simulation, the performance and limitation of the 
system is tested in 2 scenarios with variations of the number 
of robots and service schedule. The result from the simulation 
will be discussed in this article.  

 This article is organized as follows: Process simulation, 
multiple mobile robot system, and development tools are 
reviewed in Section II. Methodology for system developing 
based on hospital environment is described in Section III. The 
development of process simulation is focused on Section IV. 
Results are in Section V and discussion in  Section VI. 

II. LITERATURE REVIEW 

A. Fleet management of AMR/AGV and simulation 
Fleet Management (FM) is a platform for managing 

multiple robots to optimize the operations of the robots, 
generally AMRs, to perform desired tasks.  The performance 
is evaluated in several terms, e.g. time, efficiency, cost-
effectiveness, and etc. FM is developed in many approaches. 
[7] worked on fleet schedules in material handling based on 
timetable execution with the Multimodal Transportation 
Network. [8] proposed local coordination strategy with 
Quadratic Programming for optimization the utilization of 
robots and time. [9] proposed centralized method to 
guarantee the safety when the communication is lost which is 
a one of the critical issues of FM. [10] developed algorithm 
for coordinating multiple robots by partitioning the working 
area to sectors and manage multiple robots. [11] proposed 
using Congestion Prevention Rule-based Bi-level Genetic 
Algorithm for optimizing the scheduling in automated 
container terminals to simultaneously operate components.  

 Actual environment can be complex and needs algorithms 
mentioned above to operate the system effectively. However, 
simulation in virtual environment is also required and conduct 
a priori in order to roughly evaluate the performance of the 
system. Software for simulation specifically configured for 
AMR in hospitals is developed in this research.   

B. Software development with Unity? 
 Unity is a real-time 2D-3D development platform that is 
originally designed for game programming. One of the key 
advantages of Unity platform is available libraries that support 
a number of applications, not only for game development but 
also for engineering applications, e.g.[12]. In regard to the 
process simulation, a number of research and development 
works were carried out by using this platform, e.g. [13].  

 In this research, the simulation of AMR operations can be 
concerned a part of fleet management that controls and 
monitors multiple AMRs working together. An individual 
AMR can be treated as an agent, in which the behavior can be 
characterized with script assigned. Therefore, other types of 
robots and health works can be assigned for the further study. 

 In addition, Unity is equipped with powerful rendering 
engine. The simulation can be visualized for the end-users, 
e.g. doctors and nurses, so that the operation can be planned 
in advance. The platform also supports Augment Reality and 
Virtual Reality (AR/VR) which can be used for enhancing 
user experience on the simulation in the future. All of these 

features make Unity flexible for future modification 
improvement required in this project. It is eventually selected 
for developing simulation in this research.  

III. METHODOLOGY 

A. CARVER AMR spec & parameters  
CARVER-Cab is an AMR specifically designed for bulk 

delivery. It is developed based on CARVER-AMR Platform. 
It is equipped with Lidar and other sensors for localization. It 
can automatically navigate point-to-point with ±30 mm 
precision in areas with known map. For the safety protocol, 
obstacle avoidance with Elastic Bands algorithm is used [14]. 
Battery can be recharged automatically at the station while 
the battery level is lower than the designed level. 

TABLE  I. Summary of specification of CARVER-AMR for Simulation 

Item Detail 
Dimension (mm) 0.45 m x 1.0 m x 1.5 m 
Mass 200 kg 
k1 = Acceleration constant (m/s^2)  0.1 m/s2 
k2 = Vmax (m/s)  0.5 m/s 
k3 = Average serving time at one bed (sec) 60 sec 
k4 = Allowable minimum battery level (%)  4% 
k5 = Max battery level (%)  100 % 
k6 = Energy consumption rate (%/position)  -2% /position 
k7 = Battery charging rate (%/hr) +13% /hr 
k8 = Obstacle avoidance radius (m) 0.1m 

B. Simulation with Unity – NavMesh  
The simulation is developed based on the actual robot’s 

specifications (see TABLE  I.) to reflect robot’s behavior in 
reality. NavMesh module is used for navigation of the robot 
in Unity environment. NavMesh is a surface where the robot 
movement is allowed (see blue surface in Fig. 2). Therefore, 
the path calculation can be simplified as geometry space is 
limited by predetermined NavMesh. The NavMesh is 
calculated on the basis of (a) robot size and (b) minimum 
distance from obstacles. NavMesh module is used to generate 
the NavMesh with an obstacle avoidance radius of 0.1m (k8).  

 
Fig. 2. NavMesh setup on hospital floor 

   
Fig.  3. 3D Model of CARVER-AMR and NavMesh Agent  
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IV. IMPLEMENTATION 

A. Unity Platform and Hardware Setup  
The simulation is developed on Unity 2019.3.11f1 x64 as 

a 3D project with NavMesh module added-on. Scripts are in 
C#. The simulation is eventually built as an standalone app 
for Windows 10. The computer used for developing the 
software is equipped with Core I7 8750M processor, 16 GB 
DDR4 RAM, and NVIDIA GTX 1650M graphic card. 

B. CAD  Modeling vs Actual Objects  
The delivery operation takes place in an in-patient cohort 

ward in a hospital in Thailand. This 300 m2 cohort has been 
modified to be a large negative pressure room for supporting 
COVID-19 patients (see layout, Fig. 4). The access of health 
workers are limited according to infection control protocol. 
The operating area in this room consisting of 18 beds divided 
in 2 rows separated by a wall, each row has 4-5 beds on each 
side of the main alley. The beds are separated by a removable 
curtain. The model of the room is shown in Fig. 5. 

For the virtual environment, beds and all physical objects 
are included in the simulations. The curtain can be removed 
in case that larger workspace is required for robot movement. 
The battery charging ports are not presented as 3D objects 
but located virtually in the room in the battery charging area 
(see Fig.  6). To be noted that human staffs are excluded from 
this simulation due to the access restriction.  

 
Fig. 4. Layout of the hospital in-patient ward with operational area 

 
Fig. 5. 3D CAD Model of hospital ward from perspective view 

 
Fig.  6. 3D CAD Model of hospital ward from top view 

C. Programming & Scripting  
The scripts are attached to the objects to get affected. 

Therefore, the behavior of the robot can be controlled by 
using script. Multiples scripts are created for this simulation. 
They can be classified into 3 categories: (a) Communication, 
(b) Graphical User Interface (GUI), and (c) Core simulation.  

(a) Communication scripts: The goal is to import the 
user inputs and export the results. The import is done through 
a CSV file that is created by a Microsoft Excel/VBA program 
that we will detail in the next section The export is done in a 
simple text file. Different types of data are exported for each 
robot every second (in the simulation environment time, not 
real-time), including Instant speed and Battery level. This 
data is then exploited to get the results (see Section V). 

(b) GUI scripts: The users can monitor and control the 
simulation from GUI. The configuration of the simulation can 
be set and run-time variables can be monitored via this GUI. 
The key variables are: the number of robots, specification 
parameters of the robot, battery level, battery charging status, 
states of the robot, and etc. 

 (c) Core scripts are the ones running the simulation. A 
multitude of them are needed to make the simulation work.  

Robot Navigation scripts: are used to assign the target 
position for each robot. One script is used to obtain the user’s 
defined parameters from CSV files, e.g. bed access schedule. 
One script is used to calculate the path that the robot needs to 
follow to reach the different positions. The path is calculated 
automatically by NavMesh module path calculator. The 
parameters are set for NavMesh Agent (see TABLE  I). The 
path is calculated to be the shortest path possible. The robot 
moves 0.5 m/s at max. speed (k2) with 0.1 m/s2 acceleration 
constant (k1). The robot stops for 60s (k3) whenever the robot 
reach the boundary within 0.1 m radius (k8) around target 
position. The navigation procedure is in a flowchart, Fig.  7.     

Battery Level script is used to manage the battery level of 
each robot. It updates the battery level of every robot every 
time it reaches a position and every hour if it is charging. The 
recharging rate assumed to be linear with +13%/hr (k7) and 
the battery loss is averaged -2%/position reached (k6).  
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Fig.  7.  Flowchart for navigation 

D. Robot Operation with NavMesh Agent   
The robots’ operations are controlled by NavMesh Agent 

which will execute according to the following process.  

First, the list of the target positions in order is given to the 
robot at the given hour. Then, the path calculation is done at 
every instant with the NavMesh path calculation algorithm. It 
constantly calculates the shortest path between the robot and 
the target position. It does so at every instant because new 
obstacles, including other robots, can appear along the robot 
path and it should make sure to avoid them. 

Another important aspect of the simulation is the schedule 
management with respect to the user input data (which will 
be explained in Section IV-E). When the robots are on duty, 
Robot Navigation script is executed in order to move the 
robots between target positions and Battery Level script is 
executed for managing the battery usage. On the other hand, 
when the robots are not on duty, only Battery Level script is 
executed in order to manage the battery recharging. The robot 
will move to the charging ports as required.  

E. Input CSV – Parameters for Scheduling Management 
The simulation is required to run multiple times with 

different initial conditions. Directly modify the scripts or 
enter the input via GUI is too complicated. Therefore, the 
conditions are input via CSV file and VBA script is used to 
transfer the user inputs to the Unity program. 

 CSV file is designed similar to the actual CARVER-
AMR is used to input the data by health workers. The file 
consists of two parts: (a) schedule table and (b) parameters 
settings of robot and simulation. This data will be read and 
set in the Unity program by the Communication script.  

(a) Schedule table: the vertical axis is divided into slots 
ranging from 00:00 to 23:00 with 1-hour steps. For the 
horizontal axis, the beds number is presented. Therefore, the 
user can indicate which bed the meal will be served at which 
time slot (see Fig. 8). 

(b) Parameters settings: These parameters need to be 
modifiable as the user will change in order to explore the 
variations of the fleet operation.  

 
Fig. 8.  Schedule setting in CSV file 

Parameter 1: Number of robots: It goes from 1 to 5, it is 
the main parameter since it allows to know how the tasks are 
realized with the different number of robots. This parameter 
has been limited to 5 due to the size of the actual room. To be 
noted that, from the simulation results shown in Section V, 
no significant difference when more than 3 robots are used. 

Parameter 2: Number of charging ports: This parameter is 
capped by the number of robots as it represents the number 
of robots that can charge simultaneously. It is an interesting 
parameter since the bottleneck in charging process will be 
occurred when the number of ports is less than the demand. 
The optimal number of ports can be found out 

Parameter 3: Task sharing strategy: two strategies have 
been implemented. The strategy for fleet management can be 
studied from the variation of this parameters.   

(i) To share the load between robots by giving the priority 
to the robots with the most battery. However, to minimize 
useless movements, the robot is assigned a minimum of 4 
target positions (if there are at least 4 positions remained) 
before assigning positions to another robot (see Fig. 9). 

(ii) Each robot is given all the positions until its battery 
level gets below 50%. Then the next robot in line takes this 
responsibility so on and so forth.  

Yes 
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For r in G: 
 L(r) = [ ] 
   G = Sortexp(G) 
EndFor 
For p in H: 
       If Batexp(G[0]) > Batexp(G[1]) OR  length(L(G[0])) < 4 : 
            L(G[0]).append(p) 
       Else: 
            G = Sortexp(G) 
       L(G[0]).append(p) 
       EndIf 
EndFor 
 
Where: 
     L(r) is list containing the target positions of robot r   
             that need to reach in the next run. 
     Bat(r) is the level of battery of the robot r. 
     Batexp(r) = Bat(r) – length(L(r)) *2 
     G is the list containing all the robots. 
     H is the list containing the positions to be assigned to robots. 
     Sortexp(G) sorts G in function of Batexp level of robots in G. 
 

Fig. 9. Algorithm for load sharing between robots 

V. SIMULATION RESULT 
Two schedule scenarios were used in this simulation to 

study how the fleet behaved in different situations. The 
purpose is to study the time required to complete the delivery 
tasks and the needs on battery management strategy. Load 
sharing strategy is implemented. The graph between robots’ 
speed versus time are plotted to observe the movement of the 
robot at each state (see Fig. 10  - Fig. 14). The robot moves 
between points with 0.5 m/s maximum speed. When the robot 
reaches the target position, the speed is 0 m/s.  

A. Scenario 1  
In the first scenario the robots were asked to reach the 

beds for 3 meals: 8:00, 12:00, and 17:00. This is considered 
the simplest and easiest scenario as the robots were able to 
achieve the tasks without having a battery level issue. A 
single robot was able to finish the task by itself without 
running out of battery as it has plenty of charging time to 
regain the battery lost between each run. However, it took 
almost half an hour to complete an entire round (see Fig. 10).  

The simulations were repeated for 1-5 robots and 3 meals 
schedule. The graphs for 8:00 slots for 1-5 robots are shown 
in Fig. 10 - Fig. 14, respectively. The time usage to complete 
the task is summarized in TABLE II. To be noted that the 
time for other two time slots express in the same way; hence, 
only the 8:00 slot is selected to demonstrate the trend. 

  
Fig. 10. Speed profile of 1 robot – Scenario 1 at 8:00 

 
Fig. 11. Speed profile of 2 robot – Scenario 1 at 8:00 

 
Fig. 12. Speed profile of 3 robot – Scenario 1 at 8:00 

 
Fig. 13. Speed profile of 4 robot – Scenario 1 at 8:00 

 
Fig. 14. Speed profile of 5 robot – Scenario 1 at 8:00 
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TABLE II. Simulation result of Scenario 1 

No. of 
Robot 

Time (s) 
8:00 10:00 12:00 15:00 17:00 20:00 Avg. 

1 1548 - 1429 - 1429 - 1468.7 
2 817 - 780 - 723 - 773.3 
3 545 - 731 - 732 - 669.3 
4 504 - 239 - 205 - 316.0 
5 188 - 188 - 177 - 184.3 

B. Scenario 2  
The second scenario refers to a busy day where the robots 

needs to reach every bed every few hours: 8:00,10:00,12:00, 
15:00, 17:00, and 20:00. The results hour by hour are close to 
the first scenario. However, from the simulation result, a 
single robot was not able to achieve the task as the battery 
died out at 17:00. From the time shown in TABLE III, using 
2 robots was sufficient to complete the task. The time usage 
reduced marginally when the number of robot increased. 
However, there is no difference between using 4 and 5 robots.  

TABLE III. Simulation result of Scenario 2 

No. of 
Robot 

Time (s) 
8:00 10:00 12:00 15:00 17:00 20:00 Avg. 

1 1630 1522 1340 1390 - - 1470.5 
2 901 780 493 528 510 493 617.5 
3 545 528 443 647 630 630 570.5 
4 341 307 392 545 443 460 414.7 
5 341 324 392 477 460 409 400.5 

 

C. Discussion 
From the simulation results, we have found out that only 

1 robot was capable to complete the scenario-1 task in around 
1468s (24 mins) and 2 robots were capable to complete the 
scenario-2 task in around 617s (10 mins). The time reduced 
when the number of robots increased. However, there was no 
more time reduction when the number of the robot exceeded 
the operations required, for example 4 robots in scenario-2 
took around 7 mins to complete the task.   

In regard to the Unity software, the limitation due to 
hardware dependent has been noticed. Indeed, if multiple 
simulations need to be launched, the need will arise to speed 
up the process (in this case, x50 speed up). However, without 
a superior hardware configuration, there will be problems to 
record data. Indeed, it does not take only 180 seconds for the 
5 robots to complete a run, but the refreshing rate of the 
simulation on this hardware is too low to cope with the quick 
changes in the simulation. Consequently, the results can 
demonstrate whether the fleet is able to complete its task or 
not. However, the real-time data cannot be obtained correctly 
under the hardware with this configuration. 

VI. CONCLUSION  
Process simulation is a tool helping users to manage the 

process effectively and efficiently. In this case, AMRs are 
actually implemented in hospital logistics applications where 
food and medicines are delivered to specific patients  in a 
COVID-19 cohort ward. In this research, Unity software is 
used to develop a problem-specific simulation program for 
study the operations of an AMRs fleet working in that room. 

NavMesh module is used for developing this program. 
The NavMesh Agent is used to control the robots to imitate 

the actual AMRs. The movement paths are automatically 
generated with obstacle avoidance capability. The battery 
level and recharging process is managed by the a Unity script.   

The simulation was run for two scenarios according to the 
food serving time for patients. The level of operation duty is 
different for two scenarios. Only 1 and 2 robots are sufficient 
for the operations in scenario-1 and scenario-2, respectively. 
The critical condition that makes the operation fail is the 
depletion of battery. The robots cannot complete the tasks if 
the recharging rate is not able to cope with the depletion. A 
more realistic model of battery recharging and consumption 
rate can improve the simulation result.   
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Abstract— This paper proposed the principles of data 
analysis in order to present the prototype of mushroom 
classification based on physical characteristics. We created a 
model of mushroom classification by using Machine Learning 
(ML) with the mushroom dataset, comprising a total of 800 
samples from the physical data of 22 attributes and it divide into 
two class as a toxic and non-toxic. The investigators designed the 
experiment in which 200 samples were randomly assigned to the 
mushroom population, consisting of 200 equally toxic and non-
toxic mushrooms. For the quality, many ML were comparison 
such as Naïve Bayes Updateable, Naïve Bayes, SGD Text, LWL 
and K-Nearest Neighbor (k-NN). The results showed that K-NN 
gave the highest classification accuracy rate of 100%. 

Keywords— Mushroom, Classification, k-Nearest Neighbor, 
k-NN, 

I. INTRODUCTION  
According to the data of the Department of Disease 

Control [1],[2], it was found that at present. In the past 2017, 
there were 1,093 patients who had eaten poisonous 
mushrooms, 5 deaths [3]-[5]. Dr. Suwanchai. Wattana 
Yingcharoenchai Director-General of the Department of 
Disease Control said that during this period, many areas 
continued to have rain. Causing a large number of wild 
mushrooms in nature. Especially in the same area that used to 
collect wild mushrooms. Therefore people prefer to collect or 
buy wild mushrooms to cook for eating [3]. Especially people 
in the northeast and the north which each year will find 
patients and die from eating poisonous mushrooms that grow 
naturally on a regular basis. Misunderstood because wild 
mushrooms contain both edible and poisonous mushrooms 
which are very similar [6] . 

Mushrooms are living organisms, classified in the Fungi 
Kingdom classified in Phylum Basidiomycota  and Phylum 
Agaricomycota [7]. The mushroom is the reproductive 
structure of the gus, consisting of a stipe and a hat (pileus) 
under the hat, it can be a lamella or a tube in which the spore 
formed is very small, called microscopic, requires a 
microscope to help them see [8]. Currently, there are more 
than 30,000 types of mushrooms, including edible 
mushrooms, inedible mushrooms, and some poisonous 
mushrooms. Some have eaten and are fatal [9].  

This paper focus to create a model for the classification of 
mushrooms which will be divided into toxin and mushrooms 
that are non- toxic to the body that will be examined from the 
characteristics of each mushroom species. That’s or what kind 

of elements are and analyzed that it is a mushroom that can be 
eaten or is it a toxic mushroom. 

The organize paper consists of the following topics: part 2 
discusses related literature, part 3 research methodology, part 
4 results of experiment and the last one is a conclusion. 

II. LITERATURE REVIEW AND RELATED WORK 

A. Mushroom 
It is a mold that has evolved higher than other types. There 

are eukaryotic cells in the kingdom fungi, and most of them 
are in the phylum basidiomycota and phylum ascomycota [4]. 
Mushrooms cannot photosynthesize by themselves because 
they do not contain chlorophyll [8]. They grow into branched 
fibers called hypha, which clusters of these fibers are called 
mycelium. Most of them are in the phylum basidio mycota. 
sexual reproduction get a spore called besidiospor. The 
mushroom spores are formed and are attached to the spores 
called basidium, which line up on the gills or in pores. The am 
asco mycota produces a spore called ascospore in the sac 
called ascus.  

The life cycle of all mushroom species is similar starting 
with the spores falling into various places and if blown into 
the right environment, it will grow into hypha [7]-[9]. The 
mycelium group will then gather into a group to form a 
mushroom. If the mushroom grows, it will be able to 
regenerate spores and be blown into hypha again. Mushrooms 
have different shapes. In general, the structure of the 
mushroom consists of a cap, a gill or lamella, a stalk, an 
annulus or ring, a volva, and a scale. 

 
Fig. 1. Mushroom components. 
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 Mushrooms are both edible mushrooms and poisonous 
mushrooms [8]. There are many types of edible mushrooms 
and the well-known ones are straw mushroom, sajor-caju 
mushroom, golden needle mushroom, shiitake mushroom, 
abalone mushroom, the king oyster mushroom etc. These 
edible mushrooms are nutritious because they are good 
sources of fiber and vitamins, such as vitamin B1 (thiamin), 
vitamin B2 (riboflavin), vitamin B3 (niacin), etc. They also 
contain minerals such as potassium, phosphorus, magnesium 
and zinc. Mushrooms also contain a number of compounds 
that can be used as a medicine. There are many types of 
inedible mushrooms or poisonous mushrooms. Some are 
edible mushrooms in shape, but have a more showy color, 
such as those belonging to the Amanita genus. The toxin of 
this group of mushrooms is Amanitin or Amatoxin, which if 
eaten will affect the intestines and digestive system. It can 
cause dizziness, nausea, vomiting, and severe stomach pain or 
diarrhea. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2.Example of the mushroom poisons. 

 

B. k-Nearest Neighbor 
Technique of the nearest neighbor algorithm to find the 

distance between each variable (attribute) in the data and then 
calculate the value [10]. This method is suitable for numeric 
data but a variable that is a non-continuous value can be done. 
Moreover ,it need more special handling as if it is a matter of 
color. What can we use to measure the difference between 
blue and green?, see in Fig.3. Next, we need a way to combine 
the distance of every attribute that can be measured when the 
distance between conditions or cases can be calculated, then a 
set of conditions to classify [11]. It become a base for 
classifying in new conditions yes, we can judge that the extent 
of the potential side is how big should be and it may be 
decided how to count the number of adjacent points. By the 
algorithm, the nearest neighbor has steps as follows [12]-[14]: 

Nearest neighbor k algorithm] is a classification method 
that uses a method to find the distance between the 
characteristics of each data, which is suitable for numerical 
data by the algorithm. The steps are summarized as follows. 

 1) Set the number of neighbors k (preferably set to odd) 

 2) Calculate the distance of the data to be considered with 
the teaching data set which can be calculated from Euclidean 
distance equation is shown in eq. (1). 

 

!"#$%&, () = √∑ %&- − (-)/0
-12                     (1) 

 

where dist (p, q) represents the distance between p and q 
data, pi refers to the value of the i property of the p and qi data 
refers to the value of the i property of the q data. 

 3) Arrange the order of the ascending distance and select 
the least number of k sets the least data set. 

 4) Determine that the answer to the data to be predicted is 
the group that has the largest number of the first k of the data 
set. 

5) Assign a class to the class nearest to the consideration 
point. 

 

 

 

 

 

 

 

 

 
Fig. 3. Classification example with k-NN. 

 The main operation is to calculate the distance between 
two records. In order to measure the similarity of the data and 
a combination of the results obtained from the calculation of 
the distance by sorting the distance in ascending order, then 
look at the value of k that is set to what and take the sorted 
order compared with the sorted data class to answer. Distance 
Function Properties use to calculated distance. It must not be 
negative. If the same position, the function must be zero (the 
same value) and the round trip distance measurement must be 
the same. To calculate the distance function, add the absolute 
value to the distance value | AB | square the distance (AB) 2 
and normalize it | (A-mean) / (SD) -. (B-mean) / (SD) |.  To 
include the distance ( the record)  by measuring the distance 
Manhattan distance) is to combine the calculated values in one 
record. And Euclidean distances distance) is to find the square 
root in each variable ( attribute)  and put them together and 
bring the calculated values in one record together [15]. 

 Nearest neighbor algorithm is an algorithm that is used to 
group information by arranging information that is close to 
each other as a class, this technique can make decisions that 
Which classes can replace new conditions or instances? By 
examining the number of k, if the conditions of the decision 
are complex [16]. This method can create an efficient model 
but the nearest neighbor algorithm takes a long time to 
calculate. If there are many variables (attribute), there will be 
problems in computation.  And it consumes very high 
workloads on the computer because the time it takes for 
calculations will the factorial increases by the total number of 
points. Therefore, in order to increase the speed for the nearest 
neighbor algorithm techniques to be more all frequently used 
information must be stored in memory by the Memory-Based 
Reasoning method, which is frequently referred to [17] .  To 
store the nearest neighbor algorithm class group in memory, 
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and if the data to be sought is few independent variables 
already will allow us to understand easier to model nearest 
neighbor algorithms, these variables are also useful for 
building models [ 18] , ] 19] .  Regarding non- standard data 
types, such as text, there may be a measurement standard for 
that type of data appropriate. In addition, the efficiency of this 
nearest neighbor algorithm will depend on the number of 
spacing explanation between the two that can effectively 
divide between normal data and unusual information 
describing the distance between data is a huge challenge when 
data is complex, such as graph data and sequential data [20]. 

C. Related work 
 K.  Thirunavukkarasu, et al. ,[ 21]  proposed a method to 
classify plant species using appropriate agent selection 
method using the Genetic Algorithm and using the k-nearest 
neighbor technique to classify the type of plants. The samples 
used for this experiment consisted of 340 leaves of 30 plant 
species.  The results were performed using the nearest 
neighbor technique alone, yielding 79.12% accuracy, 79.50% 
recall and 79. 50%  accuracy.  Precision 73. 17% , and when 
appropriate agent selection by genetic algorithm in 
conjunction with nearest neighbor technique results in plant 
classification accuracy 86. 27% , recall 83. 06%  and the 
precision 84.06%. 
 T.  Pinthong, et al. , [ 22]  presented techniques for 
recognizing letters on car license plates. And classify vehicle 
license plates in Thailand. The work process consists of three 
main processes:  First one is detecting the location of the 
letters on the car license plate using the division of characters 
with a threshold method. Next is recognition of characters on 
the car license plate by using the median filter.  Using the 
connected component label technique and k-NN for character 
recognition, and the last, car license plate classification in 
Thailand by using the color of the letters and license plate 
background for assortment of cars by means of the HSV color 
structure color sensing method from the results of 110 vehicle 
registration images, it was found that the proposed method 
was able to classify and recognize vehicle license plates at an 
average accuracy of 96.94% and 93.88% respectively. 

 X.  Zheng, J.  Liu and J.  Liu, [ 23]  presents the results of 
the comparison of the data classification of internet network 
services of higher education institutions by comparing the 
data classification efficiency of 3 techniques:  Decision Tree 
technique, k- NN technique and Deep Learning technique. 
There are 8,530 sets of data that can be used in research 
studies by tertiary institutions.  Cross- validation test by 
randomizing the data to divide the data was divided into 5 
parts, each of which consisted of 1,706 data sets.  The model 
was modeled from 4 data parts and tested the performance of 
the system with 1 part of the data. Techniques used to classify 
network service usage data internet of higher education 
institutions.  The most effective is Deep Learning, with an 
accuracy of 88. 79% , a memory of 88. 55% , an accuracy of 
89. 10% , and a balance of 0. 289, an acceptable assessment 
level. 

 K.  Theresia Diah, A.  Faqih and B.  Kusumoputro, [ 24] 
Currently, communication via electronic mail (e-mail) is one 
of the most popular channels.  Because it is easy to use, 
convenient, fast and free of cost.  For this reason, it is a 
channel for those who do not wish well Used to send spam e-

mail for other purposes, such as advertising or deception. 
This article presents a comparative study on the effectiveness 
of classified e-mail spam using data mining techniques. This 
consisted of a Decision tree, Naive Bayes, and K- Nearest 
Neighbor.  Evna Eve Bay Provide the highest accuracy as 
92.48% 

 C. Liou et al., [25] intended to compare performance how 
to choose suitable characteristics for classification Micro 
array data types.  In this experiment, two stages of testing 
were performed:  1)  characterization by Cosine and SNR by 
selecting appropriate characteristics, divided into subgroups 
from 100 to 1000 characteristics, and 2)  Data classification 
performance testing.  It consists of three data classification 
techniques:  decision tree, k-NN and simple bay.  The results 
was performed with 47 samples of lymphoma, 4,026. 
Characteristics the results of the trial were as follows.  The 
SNR characterization method can provide effective data 
classification.  The best average is 94. 33%  with only 100 
attributes, while all data classification provides.  The 
efficiency of 86. 52%  indicates that the selection of the 
appropriate characteristics before classification of the data is 
a guideline.  This is especially suitable for enhancing the 
efficiency of the classification of information as well. This is 
because the micro- array data can be highly fragmented. 
Which some of the information may not be consistent It is 
therefore imperative that filtering is performed first. 

III. RESEARCH METHODOLOGY 

In this research, the research team has set the steps into 5 
main steps, as shown in Fig. 4, the process of conducting 
research and describe follows step.  

 

 

 

 

 

 

 

 
Fig. 4. Shows an overview of the work system. 

   

A. Data Collection 
The dataset were used in our work must be numerical. 

Because in the process of dividing the data into two parts is 
the data that is overlaid and the non-overlapping data has a 
process to find the distance between the data. And the data 
used must be data without data loss or missing-value because 
such data will not be able to find the distance between the data, 
need to Pre-Processing before using the data. In table I shows 
examples of data available. By this dataset used taken from 
the UCI Dataset Machine Learning Repository database 
(https://archive.ics.uci.edu/ml/datasets/Mushroom). 

It consists of 800 records of data and has 23 attributes as: 
Cap shape,  Cap surface , Cap color , Bruises , Odor , Gill 
attachment , Gill spacing , Gill size , Gill color , Stalk shape , 

Data Collection 

Data Cleaning 

k- Nearest Neighbor 

Output 
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Stalk root , Stalk surface above ring , Stalk surface below ring 
, Stalk color above ring, Stalk color below ring , Veil type , 
Veil color , Ring number , Ring type , Spore print color , 
Population, Habitat and Class. It has 2 classes, which are in 
the class attribute, a toxic and non-toxic classes. From the data 
in table II, it can be shown as a feature of the dataset. 

TABLE I.  EXAMPLE OF MUSHROOM DATASET 

C
ap

 sh
ap

e 

C
ap

 su
rf

ac
e 

C
ap

 c
ol

or
 

B
ru

is
es

 

O
do

r 

…
 

C
as

s 

Convex Smooth Brown Yes Musty . Toxic 
Convex Smooth Brown Yes Musty . Toxic 
Convex Scaly Pink Yes Musty . Toxic 
Convex Scaly Brown Yes Almond . Toxic 

Flat Scaly White No Anise . Non-toxic 
Flat Scaly Green No Almond . Toxic 

Convex Smooth Pink Yes Spicy . Non-toxic 
Sunken Grooves Green Yes Musty . Toxic 

Bell Fibrous Pink No Almond . Non-toxic 
Bell Fibrous Purple No Anise . Toxic 

Sunken Grooves Yellow Yes Almond . Non-toxic 
Bell. Fibrous Purple No Spicy . Toxic 

Sunken Grooves Green Yes Musty . Toxic 
. . . . . . . 

Convex Smooth White Yes Fishy . Non-toxic 
 

TABLE II.  EXPLANATION OF THE MEANING OF ATTRIBUTES 

Attribute Feature meaning 
Cap shape Bell (1) , Conical (2) , Convex (3) , Flat (4) , 

Knobbed (5) , Sunken (6) 
Cap surface Fibrous (1) , Grooves (2) , Scaly (3) , Smooth (4) 
Cap color Brown (1) , Buff (2) , Cinnamon (3) , Gray (4) , 

Green (5) , Pink (6) , Purple (7) , Red (8) , White 
(9) , Yellow (10) 

Bruises Yes (1) , No (2) 
Odor Almond (1) , Anise (2) , Creosote (3) , Fishy (4) , 

Foul (5) , Musty (6) , None (7) , Pungent (8) , 
Spicy (9) 

Gill attachment Attached (1) , Descending (2) , Free (3) , Notched 
(4) 

Gill spacing Close (1) , Crowded (2) , Distant (3) 
Gill size Broad (1) , Narrow (2) 

Gill color Black (1) , Brown (2) , Buff (3) , Chocolate (4) , 
Gray (5) , Green (6) , Orange (7) , Pink (8) , 
Purple (9) , Red (10) , White (11) , Yellow (12) 

Stalk shape Enlarging (1) , Tapering (2) 
Stalk root Bulbous (1) , Club (2) , Cup (3) , Equal (4) , 

Rhizomorphs (5) , Rooted (6) , Missing (7) 
Stalk surface 
above ring 

Fibrous (1) , Scaly (2) , Silky (3) , Smooth (4) 

Stalk surface 
below ring 

Fibrous (1) , Scaly (2) , Silky (3) ,Smooth (4) 

Stalk color above 
ring 

Brown (1) , Buff (2) , Cinnamon (3) , Gray (4) , 
Orange (5) , Pink (6) , Red (7) , White (8) , 
Yellow (9) 

Stalk color below 
ring 

Brown (1) , Buff (2) , Cinnamon (3) , Gray (4) , 
Orange (5) , Pink (6) , Red (7) , White (8) , 
Yellow (9) 

Veil type Partial (1) , Universal (2) 
Veil color Brown (1) , Orange (2) , White (3) ,Yellow (4) 

Ring number None (5) , One (6) , Two (7) 
Ring type Cobwebby (1) , Evanescent (2) , Flaring (3) , 

Large (4) , None (5) , Pendant (6) , Sheathing (7) , 
Zone (8) 

Spore print color Black (1) , Brown (2) , Buff (3) , Chocolate (4) , 
Green (5) , Orange (6) , Purple (7) , White (8) , 
Yellow (9) 

Population Abundant (1) , Clustered (2) , Numerous (3) , 
Scattered (4) , Several (5) , Solitary (6) 

Habitat Grasses (1) , Leaves (l) , Meadows (2) , Paths (3p) 
, Urban (4) , Waste (5) , Woods (6) 

Class Non-toxic, Toxic 
 

B. Data Cleaning 
 The vast majority of real-world data scientists spend 80% 
of their time cleaning data and the remaining 20% building a 
clean model. This data is like cooking when we have raw 
materials. In addition to carefully selecting raw materials. We 
still have to take the raw material to clean the bark and trim 
the rotten parts. Cut into shapes that are ready to cook and 
many more steps in order for the dish to be cooked to the best. 
Moreover, the dataset in table I. must transform to Table III. 

TABLE III.  MUSHROOM DATASET AFTER DATA CLEANING 
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3 4 1 1 6 . Toxic 
3 4 1 1 6 . Toxic 
3 3 6 1 6 . Toxic 
3 3 1 1 1 . Toxic 
4 3 9 2 2 . Non-toxic 
4 3 5 2 1 . Toxic 
3 4 6 1 9 . Non-toxic 
6 2 5 1 6 . Toxic 
1 1 6 2 1 . Non-toxic 
1 1 7 2 2 . Toxic 
6 2 10 1 1 . Non-toxic 
1. 1 7 2 9 . Toxic 
6 2 5 1 6 . Toxic 
. . . . . . . 
3 4 9 1 4 . Non-toxic 

 

C. Classification 
From the Fig. 3, we have two types of data, Toxic (triangle 

data) and Non-toxic (rectangular data), with 1 point 
representing 1 data, while the green circle is the data that we 
will predict that the circle should be in a group of squares or a 
triangle using the principle of k-NN, which first what we need 
to do is assign a number to k. For example, from the figure we 
select k equal to 3. Then by the principle of k-NN will run for 
the nearest data point. It is the most number of 3 data points, 
from which the data in the solid circle line is the three data that 
we have selected as close to the green circle.  

Then, what k-NN will do next is figure out what type of 
data is the most in the group of the three captured data. Here 
it can be seen that the 3 data is divided into 2 triangles and 1 
square, which means that the triangular data has a larger 
number, then k-NN will turn the green circle into triangle type 
data or if we were to change k equal to 5, then it would be 
displayed according to the information in the dotted circle, see 
in Fig 5. This time, there are only 2 triangles, but with three 
squares of data, which means that in this round k-NN will 
assign our green circle data to be square data instead. And 
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that's it he preliminary work of k-NN or the nearest neighbor's 
algorithm. 

 

 

 

 

 

 

 

 

 
Fig. 5. pseudo-code of mushroom classification by k-NN. 

 

IV. EXPERIMENTAL AND RESULTS 
In the design of our experiment, we divided the Mushroom 

Data Set into two groups using a randomized method, training 
set and test set. where the sampling rate was 50%. We took 
the total number of samples of each data set out of 22 features 
through the classification efficiency process, it was seen that 
the classification by Naïve Bayes Multinomial Text,  Naïve 
Bayes Updateable, Naïve Bayes, SGD Text, LWL, k-NN and 
Stacking method. The k-NN was high accurate than other 
methods show in table IV.  The bar chart is show the 
comparison accuracy rate between method as show in Fig. 6.   

TABLE IV.  COMPARISONS OF MUSHROOM CLASSIFICATION 
EFFICIENCY 

Classification Method Accuracy 
rate 

Naïve Bayes Multinomial Text 49.94% 
Naïve Bayes Updateable 96.38% 
Naïve Bayes 96.38% 
SGD Text 50.06% 
LWL 92.88% 
k-NN 100.00% 
Stacking 49.94% 

 

 

 
Fig. 6. Bar chart compare seven classification method. 

 From table IV. The result comparison of dataset 
classification efficiency highest is k-NN with accuracy rate 
100%. Followed by Naïve Bayes Updateable and Naïve Bayes 

with 96.38%, LWL 92.88%, SGD Text 50.06%, Naïve Bayes 
Multinomial Text and Stacking 49.94%, respectively. The 
confusion matrix in table V., precision and recall 1.00. 

 

TABLE V.  CONFUSION MATRIX OF CLASSIFICATION 

 

CONCLUSION 
Our work focus to classify by physical characteristics 

Mushroom between toxic and non-toxic. In addition, we 
comparison the efficiency with seven classification method 
with Mushroom dataset. The mushroom dataset consists of 22 
feature attributes and 800 records. All of them divided into 
two class as toxic and non-toxic. For academic standards, we 
separate dataset for training and testing set by randomly at 
50/50, then in each set have 400 records. For efficiency 
classification, we compared seven methods for get the highest 
accuracy rate. The results k-NN show 100% accuracy rate. 
The reason is this dataset are numeric data with discrete values 
then suitable for k-NN, thus making the classification highly 
accurate. 

For a line of extension from the research results in this 
paper. We see the main points in two trends: the first issue is 
developed to be an application such as a phone application for 
general users to use easily or developed as a tool for tourists 
who enjoy trekking in the forest. The second issue is to 
improve the experimental process to find results with other 
algorithms into new knowledge. 
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Abstract— In this paper, we presented a separate separation 
and comparison of data of people with renal impairment. By 
collecting information on CKD. The data was collected for 
selection in data mining using the CKD data set from UCI 
Machine Learn Repository to compare the classification of 400 
CKD patients, comprising 25 attributes and dividing into two 
class, which one is for patients with CKD and those who do not 
suffer from CKD. In the experimental designing with 5-folds 
cross validation test, the result is separation by technique as 
Random Forest shows an accuracy of 100 %, BayesNet 98.75 %, 
Stochastic Gradient Descent (SGD) 98.25%, Sequential 
Minimal Optimization (SMO) 95.75%, Multinomial Logistic 
Regression (MLR) 95.75% respectively. 

Keywords— Kidney Dysfunction, Classification, Random 
Forest, RF. 

I. INTRODUCTION  

CKD calls CKD is a disease that is currently a major global 
problem [1]-[3]. Because it adversely affects the health of the 
people in the country and resulted in death [1],[4]. According 
to the International Nephrology Society, 10% of the global 
population is suffering from CKD and each year more than 1 
million people die of the disease [1], [2] which in the present 
in the world [4]-[6]. There are 17.6 % of the total population 
of CKD patients or approximately 8 million people who are 
terminally ill patients 2 hundred thousand and more than 7,800 
people get sick each year causes of CKD [7]. It is caused by a 
condition where there is continuous deterioration of kidney 
function over a period of months or years. Including patients 
with other diseases such as diabetes, hypertension, gout, 
kidney stones, nephritis, etc. often result in permanent 
deterioration of the kidneys. This is due to side effects from 
drugs and chemicals, as well as other risk factors such as 
aging. Family history of CKD, overweight, and smokers. All 
of these factors result in the kidneys being unable to return to 
function normally. 

In the present era, that is the age of technology. The 
technology is widely used and it can be applied in many areas, 
including communication, agriculture, business, education, or 
even medicine [8]. One of the technology that is very popular 
today is data mining technology which is the process of doing 
information to find patterns, guidelines, and hidden 
relationships in that dataset based on statistics, recognition, 
machine learning and mathematics [9]. In which data mining 
techniques can be applied can be applied in medicine [10]-[12] 
as well by classification of information find the relationship 
between the various physical examination results with disease 

using stored patient and doctor diagnosis information to help 
diagnose the patient's disease or medical research. 

We see the importance of this reason. Therefore, we have 
implementation data mining technology or data mining 
techniques to be used with medical and assisted in the 
classification analysis using a total of 400 data samples for 
finding abnormalities in patients with renal dysfunction and 
compare the performance of the algorithms to find the most 
accurate analysis results. 

The organize paper consists of the following topics: part II 
discusses related literature, part III research methodology, part 
IV results of experiment and the last one is a conclusion. 

II. LITERATURE REVIEW AND RELATED WORK 

 As for the theory and related research.  We studied 
algorithms for data classification by studying the 
fundamentals of nephrotic syndrome and algorithms with 
different fundamental characteristics as show in Fig. 1. 

 
Fig.1. Kidney characteristics. 

 The kidneys are an important part of the urinary system. 
They include the kidneys, ureters, bladder, urethra.  The 
kidneys are the body's vital organs, as are other vital organs 
such as the heart, liver, lungs, stomach, brain, which all of 
these organs perform specific functions [13]. But they are well 
coordinated thus keeping the body normal and happy.  If one 
organ is damaged or destroyed, it can affect the function of the 
other [14]. The kidneys look like a red bean. It is located in 
the 2  lumbar areas under the ribs and on the two sides of the 
spine. It is red like fresh pig kidneys. It is long, measuring 11-

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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12  cm.  in diameter and weighing 15 0  grams per side [15] . 
Each kidney receives blood through the aorta. Out of the heart 
as the blood flows through the kidneys, it is filtered through 
the tiny kidney units called the nephron, which are located 1 
million on each side [ 16] .  These tiny kidneys filter waste 
products from the blood through the ureter and the urine is 
excreted from the body through the urethra.  The body can 
survive with only one normal kidney because it has a very 
good balance.  Therefore, those who donate one kidney can 
lead a normal life with only one kidney left [15]. 

A. CKD 
CKD [17] is a major public health problem, affecting 

people of all ages, races and economic conditions, increasing 
prevalence and incidence of the disease. Due to diabetes high 
blood pressure and obesity. The physical differences between 
normal and chronic kidneys are shown in Fig. 2. In the United 
States, there are more than 20 million people, or 1 in 9 people 
with CKD, and 20 million people at risk of CKD. No 
symptoms in the first stage, the symptoms of kidney failure 
appear when the function of kidney failure is greater than 70-
80%. In order for the patient to be diagnosed with CKD 
quickly, this is to raise awareness among doctors, healthcare 
professionals and patients and initiate treatment or behavior 
modification live early in accordance with the disease 
situation. Instead of neglecting to the point of being CKD that 
is very severe and therefore becomes alert as it was in the past. 

 
Fig. 2. The normal (left) kidney is large, red with smooth edges, and the 

chronic (right) kidney is smaller, pale, and jagged. 

B. Random Forest 

Random Forest [18] is a type of algorithmic decision tree 
algorithm that is either unpruned or regression trees, which is 
generated by randomly selecting data samples and data 
attributes. Build a decision tree where part of the unselected 
sample will be used to test the decision tree. This section is 
called Out-of-Bag (OOB), the method is called bagging. The 
results independently of each decision tree are taken into 
account for the largest number of votes. The Random Forest 
algorithm does not need to. There is test data to estimate errors 
because OOB data has been used to test decision trees. 

The principle of Random Forest [19] is to create a model 
from multiple decision tree models (from 10 models to more 
than 1000 models) as in Fig. 3, each model receives a different 
data set, which is a subset of all data sets. When making 
prediction, each decision tree is assigned for their prediction 

and the prediction of the vote output chosen by the most 
decision tree classification case as in eq (1). When performing 
Random Forests based on classification data, you should 
know that you are often using the Gini index, or the formula 
used to decide how nodes on a decision tree branch. 

    
"#$# =  1 − ∑ (*+)-.

+/0                                (1) 

  This formula uses the class and probability to determine 
the Gini of each branch on a node, determining which of the 
branches is more likely to occur [20]. Here, pi represents the 
relative frequency of the class you are observing in the dataset 
and c represents the number of classes.  You can also use 
entropy to determine how nodes branch in a decision tree. 

 

1$234*5 = ∑ −*+ ∗ 748-(*+).
+/0                    (2) 

Entropy uses the probability of a certain outcome in order 
to make a decision on how the node should branch. Unlike the 
Gini index, it is more mathematical intensive due to the 
logarithmic function used in calculating it. 

The mean value from the output of each decision tree in 
regression case in eq (3) the mean squared error (MSE) to how 
your data branches from each node. Each decision tree model 
in Random Forest is considered to be a weak learner - which 
is not a very good model [21]. But when taking each decision 
tree to make prediction together, it will have a total model that 
is skilled and more accurate than the decision tree that made a 
single prediction. 

 

9:1 = 0
; ∑ (<+ − 5+)-;

+/0                             (3) 

 Where N is the number of data points, fi is the value 
returned by the model and yi is the actual value of data point i. 

 The principles of analyzing data classification using 
Random Forest are: 

 1) Sample the data (bootstrapping) from all data sets to 
get n different sets according to the number of decision trees 
in RF. For example, the default data set has ten features (X1, 
X2, ..., X10), each decision tree will have a feature go not the 
same and will not get all data rows from all data sets (X1 -> X1 
', X2-> X2', ...). 

2) Create a model decision tree for each data set. 

3) Aggregation of results from each model (bagging) e.g. 
voting in classification or mean in regression case. 

Random Forest works for both problems [22]. 
classification and regression. Moreover, it can be used for both 
structured (column / table style data) and unstructured e.g. 
image, text. Do hyper-parameter tune for Random Forest not 
overfitting, not difficult. It does not assumption and features 
whether to distribute data as normal distribution, or relative to 
target linearly, nor to correlate additional features called 
interaction - e.g. feature X_1 * X_2 from X_1 and X_2. 
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Fig. 3. The process of classification with Random Forest. 

C. Related work 
 R. Gupta, et al., [23] present  a comparision the efficiency 
of the classification method by choosing to use the method as 
close as possible how the tree decides neural network method, 
support vector machine, rule- based methods, log- logistic 
regression methods and naave bay to measure the efficiency 
of group classification.  They used the data set on CKD from 
Apollo Hospital, India by dividing the data into model 
building blocks And the model test kits at a ratio of 70 and 
30, respectively.  By comparing the mean square validity and 
tolerance The classification method is effective.  The 
classification is best.  How the tree decides Which gives an 
accuracy of 100% and the mean square error is 0.0059. 

 M.  P.  N.  M.  Wickramasinghe, et al. , [ 24]  developed a 
medical support system for classifying patients with CKD 
using data mining technique.  The comparison of the 
efficiancy of algorithms for predicting CKD and assess the 
effectiveness of the kidney disease prediction system.  The 
main functions of the system include patient information 
management medical personnel physical examination, 
disease prediction, diagnosis of disease prediction results. 
The model management and various reports from this 
benchmark were found that Random Forest, which used a 
dataset with oversampling data, had the highest accuracy rate 
of all models at 97. 29% , precision 95. 76%  and F-Measure 
97. 44% , and used this data mining technique.  This 
development as a model for predicting kidney disease.  The 
results of the evaluation of the efficacy of systemic kidney 
disease were found that the unknown data was 95. 71% 
accurate in predicting kidney disease.  The techniques and 
developed models could be further developed to develop an 
effective medical support system in the future. 

 M.  Muñoz- Organero and V.  Corcoba- Magaña, [ 25] 
present a suitable models for predicting stress with data 
mining techniques.  The process was initiated with a group of 
300 samples to conduct a stress assessment test in four cycles. 
The experimental was conducted for a period of two months, 
and then all the results were fed for creating a model with six 
algorithms as Bayesian Network, Naïve Bayesian, Decision 
Tree:  4. 5, Decision Table, Partial Rules ( PART) , and 
Multilayer Perceptron ( MLP) .  In order to create the model 
and the model test, the 10- fold cross-validation method was 
used.  They are used to divide the data into two sets:  the 
teaching dataset and the test dataset. From all the model tests, 
it was found that the most suitable model in used to predict 
stress is the model is based on the MLP algorithm applied to 

the historical data of six months.  The accuracy values were 
81%, 0.81, 0.81 and 0.81 respectively. 

 L. Li, [26] purpose of this paper was to analyze the career 
choice interests of learners from John Holland's theoretical 
test with data mining techniques.  The data set from student, 
3,000 whose characteristics include gender, age, subject, 
cumulative GPA.  Educational goals, domicile, occupation, 
parents And median family income.  The model was 
developed with 3 decision tree techniques with the J48 
algorithm, LMT, Random Forest, data classification 
techniques using Bayesian learning and data classification 
techniques using the neural network using 10- fold cross 
validation to divide the data into sets. Which contains the data 
set training and test set.  The accuracy, precision and F-
measure forecasting performance of the model. The results of 
the model forecasting efficiency were found that the data 
classification technique by the decision tree with the Random 
Forest can predict better than  other. The results were 91.37%, 
91.30%, 91.40% and 91.30%, respectively. 
 V. Mittal and D. Singh, [27] presented of cassava inputs 
from the Office of Agriculture to create a forecast model by 
using the classification with decisionTree, 5 algorithms were 
used, namely J4 8 , RandomTree, SimpleCart, NaïveBayes, 
and LADTree, and the forecasting model was tested.  Cross-
validation test was found to be accurate at 70.96%, which the 
researcher thought was not good enough Therefore, the 
testing method was improved by dividing the data set into 2 
parts, namely Training Set and Test Set, 5  sets and then 
creating a forecasting model with algorithms J4 8 , 
RandomTree, SimpleCart. Again, NaïveBayes and LADTree 
were found to have higher accuracy than the method.  Cross-
validation test in all algorithms.  Therefore, the researcher 
chooses a forecasting model that offers the highest accuracy. 
In terms of test data, the J4 8  algorithm provides the highest 
accuracy at 7 5 .6 4 % , the SimpleCart algorithm provides the 
highest accuracy at 8 0 . 1 2 % , and the LADTree algorithm 
provides the highest accuracy at 89.55%. The RandomTree 
algorithm and Naïve Bayes algorithm provide an accuracy of 
less than 70%, so they are not taken into account. 

III. RESEARCH METHODOLOGY 

In this research team has set the steps into 5 main steps, as 
shown in Fig. 4, the process of conducting research and 
describe the details follows step by step.  

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Shows an overview of the work flow system. 
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A. Data Collection 

The dataset were used in our work must be the numerical. 
Because in the process of dividing the data into two parts is 
the data that is overlaid and the non-overlapping data has a 
process to find the distance between the data and the data used 
must be data without data loss or missing value because such 
data will not be able to find the distance between the data, need 
to pre- processing before using the data.  In table I shows 
examples of data available. This dataset used taken from CKD 
from a popular database to classify data as well.  Machine 
Learning UCI Machine Learning Repository 
(https://archive.ics.uci.edu/ml/datasets/ckd). 

Twenty-five attributes have been widely misinterpreted in 
the past as a dependent variable representing presence or 
absence of a CKD. This is incorrect [1]. The twenty-five field 
was created by BUPA researchers as a train/test selector. The 
dataset does not contain any variable representing presence or 
absence of a CKD. we used this dataset as a classification 
benchmark should follow the method used in experiments by 
the donor and others.  

From the data, 401 samples consisted of 25 attributes are 
used in our work. The description of each attributes are show 
in Table I.  

TABLE I.  DESCRIPTION OF ATTRIBUTES 

No. Feature Description  No. Feature Description 

1 age Age of patient.  14 pot Potassium 

2 bp Blood pressure.  15 hemo Hemoglobin 

3 sg Specific gravity.  16 pcv Packed cell 
volume 

4 al Albumin.  17 wc White blood 
cell count. 

5 su Sugar level.  18 rc Red blood cell 
count 

6 rbc Red blood cells.  19 htn Hypertension 

7 pc Pus cell.  20 dm Diabetes 
mellitus 

8 pcc Pus cell clumps  21 cad Coronary 
artery disease 

9 ba Bacteria.  22 appet Appetite 

10 bgr Blood glucose 
random. 

 23 pe Pedal edema 

11 bu Blood urea.  24 ane Anemia 

12 sc Serum 
creatinine 

 25 class class 

 

  The Example format of the data set looks like an example 
of the information as follows: 

TABLE II.  EXAMPLE OF CHRONIC KIDNEY DATASET 

age bp sg al su … class 

48 80 1.02 1 0 … n 
7 50 1.02 4 0 … a 

62 80 1.01 2 3 … a 
48 70 1.005 4 0 … a 
51 80 1.01 2 0 … a 
60 90 1.015 3 0 … a 
48 80 1.02 1 0 … n 
7 50 1.02 4 0 … n 

age bp sg al su … class 

61 79 1.001 2 3 … n 
. 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
  

The data in this study was divided into two classes of 
abnomally, including hepatic impairment and normally means 
no hepatic impairment. 

TABLE III.  DEFINED CLASS TYPE VARIABLE 

Type of meaning Class  
People who do not have CKD. “nockd” 
People who have CKD. “ckd”  

 

B. Data Cleaning 
 Data cleansing or data cleaning or data scrubbing means 
data cleaning. It is the process of reviewing and correcting (or 
removing) invalid entries from the dataset. Table or database 
which is the cornerstone of the database, because it means 
imperfection Inaccuracy Inconsistent with other information, 
for example, these inaccurate information must be replaced, 
updated or deleted o provide quality information as shows in 
Table II. Data cleaning arise due to the data inconsistency. 
This may be due to errors in recording, transmission, or 
different interpretations of the stored data. The more it needs 
to be integrated with other databases such as data warehouses 
or multiple databases. Therefore has a high chance of being 
born "unclean data". 

C. Classification Model 
Modeling the classification of patients with hepatic 

dysfunction to help alleviate the burden of small number of 
healthcare workers and nursing homes with seven variables 
obtained from the UCI dataset, data mining and a number of 
techniques used in modeling five decision tree techniques are 
follows. 

1)  Bayesian Net is a learning method that minimizes the 
limitation of learning easily. In the premise of the 
incompatibility between characteristics in the simple rubay 
method in the hypothesis of inequality. In fact, some 
characteristics are found to be dependent on each other, and 
this dependency should be included in the model. BayesNet 
describe condition independent incompatibility between work 
network context variables. BayesNet that "variable" is used 
instead of "attribute" to make the learning process effective. 
Which can put knowledge before in the job network BayesNet 
are provided in the form of a conditional structure, network 
and probability tables which is considered an advantage of the 
Bay Area network. The Bay network is characterized by being 
able to describe the relationships between variables in a 
graphical model based on prior knowledge in describing and 
constructing the network 

2) Multinomial logistic regression (MLR) is a technique 
used to predict the value of one dependent variable from the 
value of more than one independent variable, where the 
dependent variable is Is a nominal variable that has the There 
are three or more values, each representing a type / type / 
group of variables. 

3) Stochastic Gradient Descent (SGD) is an algorithm that 
updates the parameters in every practice dataset. It is a fairly 
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fast algorithm only one update per training cycle. In which 
every time there is an update. The updated parameters have a 
high variance and result in loss function values varying in 
different intensities. These steps are good because they allow 
us to find the smallest values possible (to the center of the star 
itself), but this method has a problem, the lower we converge. 
The resulting value becomes more variable and complex. 

4) Sequential Minimal Optimization (SMO) is a method 
used to replace the lost values and transform the data. The 
group of features (nominal) as binary data and all attribute 
data is in standard (Normalized) format SMO is also effective 
for non-linear use. It also helps to manage the structure of the 
model and reduce the risk of data being generated. The 
information is reliable in the practice of forecast. 

5) Random Forest (RF) technique is a technique to 
randomly select data and feature decision tree, which is 
generated from sampling with replacement of the data and 
then using it to create a tree, where part of the sample is not 
selected. This information, called Out-of-Bag (OOB), is used 
in decision tree testing. This method is called bagging. The 
results independently of each decision tree are accounted for 
voting. The maximum number of votes indicates the status of 
the Random Forest technique class test data is not required to 
estimate the error, because the OOB data has already been 
used to test the decision tree. 

We can describe the working of Random Forest algorithm 
for classification of patients with liver disorders with the help 
of following and this following pseudo-code will illustrate its 
working in Fig 5. 

Step 1 − First, start with the selection of random samples 
from a liver disorders dataset. 

Step 2 − Next, Random Forest will construct a decision 
tree for every sample. Then it will get the prediction result 
from every decision tree. 

Step 3 − In this step, voting will be performed for every 
classify liver disorders result. 

Step 4 − At last, select the most voted prediction result as 
the final classification result. 

 
Fig. 5. Pseudo-code of liver disorders classification by Random Forest. 

IV. EXPERIMENTAL AND RESULTS 
In our experiment we got the Chronic Kidney dataset was 

used to use 7 aerosols: mcv, alkphos, sgpt, sgot, gammagt, 
drinks and class which field created by the BUPA researchers 

to split the data into train / test sets. For 359 samples due to 
the small amount of data then performed a 5-fold cross-
validation type experiment. For more reliable performance 
testing by dividing training data into 5 equal parts, then testing 
the performance of five models with the following illustrate in 
Fig. 6.   

Round 1 uses data sections 2,3,4 and 5 to model and 
predict part 1 to perform the test. 

Round 2 uses data sections 1,3,4 and 5 to model and 
predict part 2 for testing. 

Round 3 uses the data sections 1,2,4 and 5 to model and 
predict part 3 for testing. 

Round 4 uses the data sections 1,2,3 and 5 to model and 
predict part 4 to perform the test. 

Round 5 uses the data sections 1,2,3 and 4. Model and 
predict Part 5 to perform the test. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6 An experiment with 5-fold cross validation. 

  From the mean difference test, the accuracy of the 
algorithm. The results are performed by using a 5-fold cross 
validation method with different algorithms. Resulting in 
different tolerances and precision of all 400 data samples, the 
Random Forest algorithm had 100% of the accuracy rate, 
which is the most accurate compared to the five methods 
tested in this work. show in table IV. 

TABLE IV.  COMPARISON OF LIVER DISORDERS DATA SET 
CLASSIFICATION EFFICIENCY 

Classified Accuracy Rate  Error Rate 

Bayesian Net 98.75 % 1.25 % 
MLR 95.75 % 4.25 % 
SGD 98.25 % 1.75 % 
SMO 97.75% 2.25% 

Random Forest 100.00 % 0.00 % 
. 

 In table IV. The result comparison of Chronic Kidney 
dataset classification efficiency highest is Random Forest with 
accuracy rate 100.00%. Followed with Bayesian Net 98.75%, 
Stochastic Gradient Descent (SGD) with 98.25%, Sequential 
Minimal Optimization (SMO) 97.75%, and Multinomial 
logistic regression (MLR) 95.75%.  

R 1 R 2 R 3 R 4 R 5 
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CONCLUSION 
For the purpose of this paper, the study was conducted on 

a comparative model to separate data from CKD patients. The 
CKD dataset from UCI Machine Learn Repository was used 
to compare the classification of 400 CKD patients, comprised 
of 25 attributes, and were divided into 2 classes: CKD patients 
and non-CKD patients. The experimental was performed 
using a 5-fold cross validation method, with the Random 
Forest algorithm having 100% accuracy rate which is the 
highest accuracy when comparison with others. It can be 
concluded that Random Forest is the most effective. 
Therefore, the forecasting model a comparative model to sort 
out patient data using data mining using Random Forest is 
therefore appropriate for further forecasting. 

REFERENCES 
 

[1] M. L. Braunstein, "Health Care in the Age of Interoperability: The 
Potential and Challenges," in IEEE Pulse, vol. 9, no. 5, pp. 34-36, 
Sept.-Oct. 2018, doi: 10.1109/MPUL.2018.2856941.  

[2] G. Chen et al., "Prediction of CKD Using Adaptive Hybridized Deep 
Convolutional Neural Network on the Internet of Medical Things 
Platform," in IEEE Access, vol. 8, pp. 100497-100508, 2020, doi: 
10.1109/ACCESS.2020.2995310. 

[3] E. Hodneland et al., "In Vivo Detection of CKD Using Tissue 
Deformation Fields From Dynamic MR Imaging," in IEEE 
Transactions on Biomedical Engineering, vol. 66, no. 6, pp. 1779-1790, 
June 2019, doi: 10.1109/TBME.2018.2879362. 

[4] J. Qin, L. Chen, Y. Liu, C. Liu, C. Feng and B. Chen, "A Machine 
Learning Methodology for Diagnosing CKD," in IEEE Access, vol. 8, 
pp. 20991-21002, 2020, doi: 10.1109/ACCESS.2019.2963053. 

[5] L. Zhang, H. Fu, L. Bai, X. Liu, Y. Zeng and Y. Wu, "Good 
management of CKD craves for registration system: A case of a single 
center in China," 2014 IEEE International Conference on 
Bioinformatics and Biomedicine (BIBM), Belfast, 2014, pp. 213-216, 
doi: 10.1109/BIBM.2014.6999361. 

[6] Y. Amirgaliyev, S. Shamiluulu and A. Serek, "Analysis of CKD 
Dataset by Applying Machine Learning Methods," 2018 IEEE 12th 
International Conference on Application of Information and 
Communication Technologies (AICT), Almaty, Kazakhstan, 2018, pp. 
1-4, doi: 10.1109/ICAICT.2018.8747140. 

[7] N. V. Ganapathi Raju, K. Prasanna Lakshmi, K. G. Praharshitha and 
C. Likhitha, "Prediction of CKD (CKD) using Data Science," 2019 
International Conference on Intelligent Computing and Control 
Systems (ICCS), Madurai, India, 2019, pp. 642-647, doi: 
10.1109/ICCS45141.2019.9065309. 

[8] J. Edwards, "Medicine on the Move: Wearable devices supply health-
care providers with the data and insights necessary to diagnose medical 
issues and create optimal treatment plans [Special Reports]," in IEEE 
Signal Processing Magazine, vol. 36, no. 6, pp. 8-11, Nov. 2019, doi: 
10.1109/MSP.2019.2930767. 

[9] T. Yingthawornsuk, N. Chumuang and M. Ketcham, "Automatic Thai 
Coin Calculation System by Using SIFT," 2017 13th International 
Conference on Signal-Image Technology & Internet-Based Systems 
(SITIS), Jaipur, 2017, pp. 418-423, doi: 10.1109/SITIS.2017.75. 

[10] N. Chumuang, P. Pramkeaw and A. Farooq, "Electrical Impedance Of 
Breast’s Tissue Classification By Using Bootstrap Aggregating," 2019 
15th International Conference on Signal-Image Technology & 
Internet-Based Systems (SITIS), Sorrento, Italy, 2019, pp. 551-556, 
doi: 10.1109/SITIS.2019.00093. 

[11] K. Vongprechakorn, N. Chumuang and A. Farooq, "Prediction Model 
for Amphetamine Behaviors Based on Bayes Network Classifier," 
2019 14th International Joint Symposium on Artificial Intelligence and 
Natural Language Processing (iSAI-NLP), Chiang Mai, Thailand, 
2019, pp. 1-6, doi: 10.1109/iSAI-NLP48611.2019.9045560. 

[12] N. Chumuang, "Comparative Algorithm for Predicting the Protein 
Localization Sites with Yeast Dataset," 2018 14th International 
Conference on Signal-Image Technology & Internet-Based Systems 

(SITIS), Las Palmas de Gran Canaria, Spain, 2018, pp. 369-374, doi: 
10.1109/SITIS.2018.00064. 

[13] A. Maurya, R. Wable, R. Shinde, S. John, R. Jadhav and R. 
Dakshayani, "CKD Prediction and Recommendation of Suitable Diet 
Plan by using Machine Learning," 2019 International Conference on 
Nascent Technologies in Engineering (ICNTE), Navi Mumbai, India, 
2019, pp. 1-4, doi: 10.1109/ICNTE44896.2019.8946029. 

[14] S. R. Raghavan, V. Ladik and K. B. Meyer, "Developing decision 
support for dialysis treatment of chronic kidney failure," in IEEE 
Transactions on Information Technology in Biomedicine, vol. 9, no. 2, 
pp. 229-238, June 2005, doi: 10.1109/TITB.2005.847133. 

[15] Wallace MA. Anatomy and physiology of the kidney. AORN J. 1998 
Nov;68(5):800, 803-16, 819-20; quiz 821-4. doi: 10.1016/s0001-
2092(06)62377-6. PMID: 9829131. 

[16] Wilk A, Wiszniewska B, Rzuchowska A, Romanowski M, Różański J, 
Słojewski M, Ciechanowski K, Kalisińska E. Comparison of Copper 
Concentration Between Rejected Renal Grafts and Cancerous Kidneys. 
Biol Trace Elem Res. 2019 Oct;191(2):300-305. doi: 10.1007/s12011-
018-1621-6. Epub 2019 Jan 15. PMID: 30645698; PMCID: 
PMC6706355. 

[17] Paniagua-Sierra JR, Galván-Plata ME. Enfermedad renal crónica 
[CKD]. Rev Med Inst Mex Seguro Soc. 2017;55(Suppl 2):S116-7. 
Spanish. PMID: 29697216. 

[18] Asoke K. Nandi; Hosameldin Ahmed, "Decision Trees and Random 
Forests," in Condition Monitoring with Vibration Signals: 
Compressive Sampling and Learning Algorithms for Rotating 
Machines , IEEE, 2019, pp.199-224, doi: 
10.1002/9781119544678.ch10. 

[19] S. Thaiparnit, N. Chumuang and M. Ketcham, "A Comparitive Study 
of Clasification Liver Dysfunction with Machine Learning," 2018 
International Joint Symposium on Artificial Intelligence and Natural 
Language Processing (iSAI-NLP), Pattaya, Thailand, 2018, pp. 1-4, 
doi: 10.1109/iSAI-NLP.2018.8692808. 

[20] N. Chumuang, P. Pramkeaw and A. Farooq, "Electrical Impedance Of 
Breast’s Tissue Classification By Using Bootstrap Aggregating," 2019 
15th International Conference on Signal-Image Technology & 
Internet-Based Systems (SITIS), Sorrento, Italy, 2019, pp. 551-556, 
doi: 10.1109/SITIS.2019.00093. 

[21] K. Vongprechakorn, N. Chumuang and A. Farooq, "Prediction Model 
for Amphetamine Behaviors Based on Bayes Network Classifier," 
2019 14th International Joint Symposium on Artificial Intelligence and 
Natural Language Processing (iSAI-NLP), Chiang Mai, Thailand, 
2019, pp. 1-6, doi: 10.1109/iSAI-NLP48611.2019.9045560. 

[22] S. F. Noshahi, A. Farooq, M. Irfan, T. Ansar and N. Chumuang, 
"Design and Fabrication of an Affordable SCARA 4-DOF Robotic 
Manipulator for Pick and Place Objects," 2019 14th International Joint 
Symposium on Artificial Intelligence and Natural Language 
Processing (iSAI-NLP), Chiang Mai, Thailand, 2019, pp. 1-5, doi: 
10.1109/iSAI-NLP48611.2019.9045203. 

[23] R. Gupta, N. Koli, N. Mahor and N. Tejashri, "Performance Analysis 
of Machine Learning Classifier for Predicting CKD," 2020 
International Conference for Emerging Technology (INCET), 
Belgaum, India, 2020, pp. 1-4, doi: 
10.1109/INCET49848.2020.9154147. 

[24] M. P. N. M. Wickramasinghe, D. M. Perera and K. A. D. C. P. 
Kahandawaarachchi, "Dietary prediction for patients with CKD (CKD) 
by considering blood potassium level using machine learning 
algorithms," 2017 IEEE Life Sciences Conference (LSC), Sydney, 
NSW, 2017, pp. 300-303, doi: 10.1109/LSC.2017.8268202. 

[25] M. Muñoz-Organero and V. Corcoba-Magaña, "Predicting Upcoming 
Values of Stress While Driving," in IEEE Transactions on Intelligent 
Transportation Systems, vol. 18, no. 7, pp. 1802-1811, July 2017, doi: 
10.1109/TITS.2016.2618424. 

[26] L. Li, "Evaluation Model of Education Service Quality Satisfaction in 
Colleges and Universities Dependent on Classification Attribute Big 
Data Feature Selection Algorithm," 2019 International Conference on 
Intelligent Transportation, Big Data & Smart City (ICITBS), 
Changsha, China, 2019, pp. 645-649, doi: 
10.1109/ICITBS.2019.00160. 

[27] V. Mittal and D. Singh, "Critical Analysis of Fusion Algorithms for 
Digital Agriculture: An Efficient Application of PALSAR Data," 
IGARSS 2019 - 2019 IEEE International Geoscience and Remote 
Sensing Symposium, Yokohama, Japan, 2019, pp. 5917-5920, doi: 
10.1109/IGARSS.2019.8898580.

 



207

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

   

 
Pronab Ghosh 

Department of Computer Science & 
Engineering 

Daffodil International University  
Dhaka, Bangladesh 

pronab1712@gmail.com  

Saima Afrin 
Department of Computer Science & 

Engineering 
Daffodil International University  

Dhaka, Bangladesh 
saima.cse@diu.edu.bd

F. M. Javed Mehedi Shamrat  
Department of Software Engineering 

Daffodil International University  
Dhaka, Bangladesh 

javedmehedicom@gmail.com 

 
Atqiya Abida Anjum 

Department of Computer Science & 
Engineering 

United International University 
Dhaka, Bangladesh 

aanjum151026@bscse.uiu.ac.bd 

Shahana Shultana 
Department of Computer Science & 

Engineering 
Daffodil International University  

Dhaka, Bangladesh 
shahanashomi246@gmail.com 

Aliza Ahmed Khan 
Department of Computer Science & 

Engineering 
Daffodil International University  

Dhaka, Bangladesh 
alizaahmedkhancse22ju@gmail.com 

Abstract—Chronic Kidney disease (CKD), a slow and late-
diagnosed disease, is one of the most important problems of 
mortality rate in the medical sector nowadays. Based on this 
critical issue, a significant number of men and women are now 
suffering due to the lack of early screening systems and 
appropriate care each year. However, patients’ lives can be 
saved with the fast detection of disease in the earliest stage. In 
addition, the evaluation process of machine learning algorithm 
can detect the stage of this deadly disease much quicker with a 
reliable dataset. In this paper, the overall study has been 
implemented based on four reliable approaches, such as 
Support Vector Machine (henceforth SVM), AdaBoost 
(henceforth AB), Linear Discriminant Analysis (henceforth 
LDA), and Gradient Boosting (henceforth GB) to get highly 
accurate results of prediction. These algorithms are 
implemented on an online dataset of UCI machine learning 
repository. The highest predictable accuracy is obtained from 
Gradient Boosting (GB) Classifiers which is about to 99.80% 
accuracy. Later, different performance evaluation metrics have 
also been displayed to show appropriate outcomes. To end with, 
the most efficient and optimized algorithms for the proposed job 
can be selected depending on these benchmarks. 
 

Keywords—Support Vector Machine, AdaBoost, Linear 
Discriminant Analysis, Gradient Boosting. 

 

I. INTRODUCTION  
Kidney disease develops very slowly without revealing 

any symptoms. There are various forms of kidney disease 
around the world. So most doctors usually waste their precious 
time to detect whether a patient is affected by kidney disease 
or not. In this paper, we are basically working on "Chronic 
Kidney Disease"[1] based on different performance indices to 
figure out which algorithm is best to use in this type of 
problem. The fast prediction of the disease can help save 
thousands of lives worldwide before severe damage has been 
done to the patients. Besides, machine learning algorithms can 
be used [2] to detect this disease. To detect this rising disease, 
several machine learning algorithms can be trained [3] 
depending on medical patients' data. But the challenge is to 
get the most accurate prediction in the shortest time. 

  The crucial aim of the proposed research is to build a 
kidney disease system focused entirely on machine-learning. 
The research aims to solve various algorithms, such as SVM, 
AB, LDA, and GB to classify the people affected by kidney 
disease. To make it more accurate, this study is performed 

using different performance assessment metrics such as False 
Negative Rate (FNR), Accuracy (ACC), Precision (PRE), 
Negative predictive value (NPV), F1 Score (F1), False 
Discovery Rate (FDR), Standard Deviation (SD), Specificity 
(SPE), Mean Absolute Error (MAE), Mean Squared Error 
(MSE), Sensitivity (SEN),  Root Mean Squared Error 
(RMSE), False Positive Rate (FPR), ROC, AUC, Error Rate, 
and Execution time to properly evaluate classifiers 
performance. The main aims of this research are: 

• All missing value issues have been solved through the 
imputation method of K-Nearest Neighbors to obtain 
more reliable outcomes. 

• With the aid of a standard scaler technique, all features 
are prepossessed to hold the values within the range of 
[0, 1]. 

• The assessment process of different models has been 
experimented with the 80:20 distinction. 

• This study elucidates accuracy, error rate, execution 
time, AUC, and ROC figures to demonstrate the 
efficiency of different classifiers. 

II. LITERATRE REVIEW 
Over the past researchers have shown the use of machine 

learning algorithms to perform various calculations and 
evaluate data to come up with decisions to better human life. 
From the field of math and science to business, medicine to 
every day human life, experiments using machine learning 
algorithms bring fruitful results. 

Using AB ensemble classifiers, the authors in [4] 
performed human activity recognition. The data for the 
experiment data was gather from human body sensor. The 
high performance shows the feasibility of the algorithm. 
Developmental Dysplasia of Hip (DDH) in infants can be 
deadly. In [5] the authors use SVM technique to detect DDH 
in acoustic non-invasive data. Using an acoustic noise of 10-
2500Hz the data is collected and the performance of the model 
is calculated. Here, SVM gives an accuracy rate of 79%. ECG 
signal frequently contains noises and speckles. After filtering 
through various image processing techniques, machine 
learning algorithm is used in [6]. Here, LDA is used to features 
from the input ECG signals and SMV to recognize pattern. 
Specificity, Sensitivity and mean square root is calculated to 
measure to efficiency of the algorithms. In [7] the authors 
studied the data of socio-demographic, clinical and magnetic 
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resonance imaging to predict Alzheimer’s disease using GB 
algorithm. The algorithm predicted the disease on the aspect 
of socio economical state, age, education, gender, and mini-
mental state exam. The model achieved 91.3% accuracy in 
prediction. 

       From the research gap, SVM, AB, LDA, and GB 
classifiers have been addressed to detect CKD. The data are 
preprocessed before the algorithms are implemented on them. 
Here, the main object of the study is to find the best and most 
optimal algorithm for prediction of kidney disease.  

III. RESEARCH METHODOLOGY 

A. System Overview: 
This deals with the theoretical ability of the research work. 

It will give a piece of clear information about the concept of 
work. For the study, the dataset is collected form an online 
data repository. This data is cleaned using several pre-
processing techniques. The feature selection is done on the 
dataset obtained from the repository. Once the data is cleaned 
and processed, it is divided in training set and test set data. 
Four machine learning classification algorithms are trained 
using the training data. After the algorithms are train, they are 
implemented on the test data to obtain prediction. In this 
study, the accuracy and performance of the prediction among 
the four algorithms are compared to determine the most 
efficient algorithm to predict the chronic kidney disease 
among the patients. The following Fig. 1 is illustrated to show 
the proposed model of this research. 

 
Fig. 1. The proposed model of kidney disease detection 

B. Evaluation Criteria on Performance Measure Indices: 
There are four different learning techniques used to 

represent the model together with some performance indices 
such as precision, recall, F1-score, specificity. The outcomes 
of performance measure indices are dependent on TP, TN, FP, 
and FN. [16-17]  

True Positive = A list of reported cases exactly classified 
with CKD.  

False Positive = A list of confirmed incidents incorrectly 
classified with CKD.  

True Negative= A list of reported instances exactly 
classified with CKD.  

False Negative= A list of confirmed instances exactly 
classified with CKD. 

IV. IMPLEMENTATION 

A. Different Machine Learning Libraries: 
The proposed model implemented via Jupiter Notebook 

using basic python libraries are coded in the Python 
programming language including Panda - an open-source 
library that performs a superior function [8], Pyplot - 
generates the same view Matplotlib as similar to MatLab, 
Seaborn - helps to draw interesting and informative statistical 
graphics. A variety of machine learning techniques is used to 
solve real-world [9] problems used by Sklearn Python 
libraries [10]. 

B. Dataset Collection: 
Data is thought of as the first and global parts of the 

research field. As a large number of patient records are 
collected from one of the most popular sites so as to get the 
most efficient outcomes. In this study, CKD disease dataset 
has been applied to predict deadly diseases from the UCI 
Machine Learning Repository [11]. We picked 25 individual 
features with 400 entries taken in a CSV format [12] from their 
database in where 250 are Kidney disease, KD class and 150 
is a not-KD class.  There are three types of data included such 
as float64(11), int64(1), and object(14).  All features of 
categorical data such as objects have been converted into 
numbers by label encoding [13]. Take an example, we do label 
"not-KD" and "KD" with respect to 0 and 1. 

C. Data Pre-processing: 
After collecting a number of raw data from one of the most 

popular repositories, the dataset is to be applied in the 
preprocessing section. In this area, a number of missing values 
is detected to fulfill the data demand. Almost every column in 
the dataset has missing values that observe in the Table I. As 
the following dataset contains a number of missing values, it 
creates a number of complex situations in order to predict an 
accurate outcome. This major problem must be solved by two 
well-known methods in order to handle missing values. 
Among them, the median technique, the average of the two 
middle numbers, has been used to solve this vital problem. 
After applying this method, there have been observed no 
missing values depicted in Fig. 2. 

 
Fig. 2. No missing values in chronic kidney disease dataset 
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After the successful completion of the preprocessing 
technique, the proposed dataset attributes have been used for 
selection.  To reduce the dimensionality, the process of feature 
selection has been employed. To get a better prediction rate 
[14-15], the narrow subsections of the appropriate features are 
extracted from its dataset. 

D. Spliting Training and Testing set: 
The dataset is partitioned into two parts: training and 

testing. In the training part, more than 70% of data is given to 
get predicted attributes value where the rest of the values is 
assigned for testing data. After finishing the training as well 
as the testing process, our machine is ready for doing 
classification [30]. To achieve an accurate outcome, four 
separate machine learning tools such as SVM, AB, LDA, and 
GB classifiers have been driven to predict disease stages.  

TABLE I.  VARIOUS ATTRIBUTES WITH MISSING VALUES 

     Features      Features Code Number of 
missing values 

Age age 9 
blood pressure bp 12 
specific gravity sg 47 
albumin al 46 
sugar su 49 
red blood cells rbc 152 
pus cell pc 65 
pus cell clumps pcc 4 
bacteria ba 4 
blood glucose random bgr 44 
blood urea bu 19 
serum creatinine sc 17 
sodium sod 87 
potassium pot 88 
hemoglobin hemo 52 
packed cell volume pcv 70 
white blood cell count wc 105 
red blood cell count rc 130 
hypertension htn 2 
diabetes mellitus dm 2 
coronary artery disease cad 2 
appetite appet 1 
pedal edema pe 1 
anemia ane 1 
class class 0 
 

E. Support Vector Machine: 
Support vector machine [18] is also known as support 

vector networks and supervised learning models associated 
with machine learning algorithms. It also analyzes data using 
for regression and classification and the working process has 
been described by Bhagile et al. [19]. 

 Y = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (∑ 𝑦𝑦𝑖𝑖𝛼𝛼𝑖𝑖 (x ∗ 𝑥𝑥𝑖𝑖) + 𝑏𝑏𝑁𝑁
𝑖𝑖=1 ) () 

From equation 10, (x ∗ 𝑥𝑥𝑖𝑖)  is known as labeled training 
and works as an input vector. Fig. 3 shows the working 
process of the implemented algorithm. 

             
Fig. 3. The working process of SVM algorithm. 

F. AdaBoost: 
The algorithms of Boosting merge different weak 

classifiers to form strong classifiers to enhance the 
classification accuracy [20]. Another practical algorithm, 
Adaptive Boosting, had been suggested by Friedman et al. in 
1997 by Fried and Schicher, although later in 2000. It was 
shown that LogitBoost overcame this situation through better 
generalizations. Boosting algorithms solves a variety of 
medical issues, namely the protein structure class detection in 
[21], cancer detection in [22] and breast cancer identification 
in [23].  The process of Adaptive Boost is shown in Fig. 4. 

 

Fig. 4. The illustration process of AdaBoost algorithm. 

G. Linear Discriminant Analysis 
Linear Discriminant Analysis [24] has been a general form 

of Fisher's linear discriminant, a process included in statistics, 
pattern recognition, and machine learning to discover a linear 
combination of attributes that describes more than two groups 
of events. Each of C categories has a mean like µi and the 
same covariance like . Then the scatter between variability 
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of class might be described by the sample means of covariance 
class [25]. Fig. 5 and equation 2 show the steps of LDA. 

 ∑𝑏𝑏 =  1
𝐶𝐶

∑ (𝜇𝜇𝑖𝑖 − 𝜇𝜇)(𝜇𝜇𝑖𝑖 − 𝜇𝜇)𝑇𝑇  𝐶𝐶
𝑖𝑖−1  () 

H. Gradient Boosting: 
Gradient boosting addresses the issues regarding a 

classification and regression  [26]. That form  a diagnostic 
model in the shape of an ensemble of weak forecasting 
analytics, usually trees of decisions. The  model is structured 
in a phase-wise manner, congruous with  other boosting 
method, and by allowing optimization of an arbitrary 
differentiable loss function. Our algorithm should be able to 
handle the addition of some new estimator hm (x) [27] in 
equation 3. 

 Fm+1 (x) = Fm (x) + hm (x) = y () 

The flow of the GB machine learning technique has been 
portrayed in Fig. 6. 

 

Fig. 5. The process of LDA algorithm 

 
Fig. 6. The flow of the Gradient classifier. 

V. RESULTS AND DISCUSSION 

A. Experimental Outputs Among Different Methods: 
After the fruitful evaluation technique on the dataset, a 

large amount of data has been divided into training and testing. 
To detect a patient has a KD or not, four approaches of 
classification with regression were used. Performance metrics 
are used to justify diverse algorithm methods. Positive 
classification occurs if and only if a person has symptoms of 
kidney disease, a person does not have a kidney disease (KD), 
negative classification occurs. GB Classifier shows the 
highest outcome among all algorithms. The predictive 
outcomes have been depicted in Table II. 

 

 

TABLE II.  PERFORMANCE MEASUREMENT CRITERIA 

Dimension Support 
Vector 
Machine 

AdaBoost Linear 
Discriminant 
Analysis 

Gradient 
Boosting 

ACC 99.56% 97.91% 97.91% 99.80% 
SEN 99% 98% 98% 99% 
SPE 99% 98% 98% 98% 
PRE 99% 99% 99% 98% 
NPV 97% 92.30% 92.30% 99% 
FPR 0% 0% 0% 0% 
FDR 0% 0% 0% 0% 
FNR 0% 2.77% 2.77% 0% 
F1 99% 98% 98% 99% 
SD 0% 17.05% 17.05% 0% 
MAE 0% 2.08% 2.08% 0% 
MSE 0% 2.08% 2.08% 0% 
RMSE 0% 14.43% 14.43% 0% 

 

From the tables II, the accuracy rate among the four 
algorithms are compared. Here it is seen that the GB give the 
accuracy of 99.80% with 99% recall score. , and AB and LDA 
gives accuracy of 97.91%. The visualization of comparison is 
shown in Fig. 7. 

 
Fig. 7. Accuracy comparisons among different algorithms 

B. Execuion Time Measurement over the Models: 
The prediction rate is totally dependent on the dataset 

along with the model preprocessing technique. Besides, time 
takes a prominent role compared to others. As we know from 
Fig. 8 that the lowest predictable ratio of run time comes from 
SVM, On the other hand, GB takes the highest time to achieve 
a predictable score. Other popular algorithms generate lower 
time periods to find out the represented outcomes. 

96

97

98

99

100

SVM AB LDA GB

99.56

97.91 97.91

99.8

A
cc

ur
ac

y 
(%

)

Algorihms



211

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

 
Fig. 8. A Prediction Time Comparison Occurred on Performed Algorithms. 

C. Error Rate Among Various approaches: 
Evaluating error rate [28] , accuracy of any algorithm can 

be measured. This helps gauging the performance of the 
algorithms. The four algorithms gave low errors rate 
altogether but the GB gave only 0.20% error after 
implementation on the dataset. However, AB and LDA 
generate the mid-lowest accuracy of 97.91% with 1.0 
specificity score. The error comparison of the models are 
shown in Fig. 9. 

 
Fig. 9. The error rates of the introduced models. 

D. Detection  Using ROC and AUC Curves: 
       The diagnostic ability of the classifiers can be 

confused by using the confusion matrix and the receiver 
working property (ROC) curve [29]. The matrix of confusion 
is also referred to as the contingency matrix in the machine 
learning studies area. True Positive (TP) happens when the 
classifiers identified the data successfully while in False 
Positive (FP) the classifiers cannot identify the data. To 
measure the performance, AUC and ROC metrics were 
generated in Fig. 10. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 10.  ROC and AUC curves of  all inroduced models. 
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ROC curve is diagnosed because the receiver 
working characteristic curve in which AUC is the vicinity 
under the ROC curve. If the rating of AUC is excessive, the 
performance of the version must be excessive, and vice 
versa. The ratings of Support Vector system, Linear 
Discriminant Analysis, and Gradient Boosting Classifier 
provide the best rating all of them in each ROC and AUC 
curves. Support Vector Machine that represents fourth 
model in the carve and provides 1.0 score in both curves. 
The score of Linear Discriminant Analysis (LDA) gives the 
mid-lowest score in both ROC and AUC curves. The score 
of Gradient Boosting Classifier gives the highest 
predictable score in both ROC and AUC curves. 

 

VI. CONCLUSION 
In this paper, four distinct algorithms were 

selected to get a precise expectation rate over the 
introduced dataset. Contrasting all presented approaches, 
the fruitful results have been gotten from GB classifier. 
These models effectively generate a 99.80% accuracy rate 
while AB, and LDA (97.91%) provides a low score. 
Besides the GB classifier requires more time compared to 
others to give a prediction and highest predictable score in 
both ROC and AUC curves. Since an exact pace of 
expectation is without a doubt reliant on the pre-processing 
strategy, the methods of the pre-processing must deal with 
cautiously to accomplish recognized outcomes precisely. 
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Abstract—The proposed monitoring and alarming system 
combined pressure sensors and depth camera, applying four 
different decision tree techniques for bed fall detection.  Trying 
to avoid personal privacy issues, the pressure sensor 
performed perfectly to comprehend what position and location 
users were doing on bed.  The depth camera was used to 
capture off-bed movement of the users right after leaving the 
bed.  Movement data obtained from the sensor and camera 
was sent and computed online.  Any undesirable events were 
notified and displayed on mobile device screens of caregivers.      
Total 6 normal subjects (males and females equally) aged 27-46 
years old, height 154-186 cm, and weight 44-108 kg. involved in 
the experiment.  10-fold cross validation was used to evaluate 
and select the final model.  Logistic Model Trees (LMT) 
yielded the highest accuracy. 

Keywords: On-Bed and Off-Bed Movement, Decision Tree, 
Pressure Sensor, Depth Sensor and Fall Detection 

I.  INTRODUCTION 

Global population aged 65 and over is growing faster 

than all other age groups.  Over the next three decades, the 

number of ageing population in all regions is reaching over 

1.5 billion in 2050 [1].  As this number becomes bigger, an 

increase of fall event has been witnessed.  In fact, falling is a 

very serious issues for the elderly.  It is a factor of great 

social relevance for public health, as it is a major cause of 

injuries, trauma, hospitalizations and death.  In addition, 

these events contribute to functional decline and decrease 

autonomy, with direct consequences on the quality of life 

[2].  Fall is defined as unintentionally coming to rest on the 

ground or other levels with or without consciousness [3].  It 

was listed into three classes based on its characteristics as 

fall from sleeping (or bed), fall from sitting (or chair) and fall 

from working or standing [4].  

Based on these gigantic demand, global trend, potential 

market and social values, series of technologies have been 

researched, developed and evolved from manual to fully 

automatic over the past decades to prevent fall.  Most of the 

manual fall detection devices and systems require user 

intervention for triggering the alarm while the automation 

monitoring and alarming systems are self-learning and 

response in real-time to minimize the damage caused by the 

fall [5].  These technologies were generally categorized into 

three main classes based on the sensor technology deployed 

to obtain the input data: wearable, camera-based and ambient 

sensors.  Nowadays, the wearable devices, for instance smart 

watches and wristbands, become widely used. People   who 

care about his or her personal health normally use these 

wearable devices to monitor daily activities which, in fact, 

reflect his or her wellness or fitness.  Some of these 

commercial products were used to monitor weight loss, 

calorie consumption and meditation.  For fall detection, Zhao 

et.al. [6] proposed a method based on a tri-axial gyroscope 

for fall event recognition. Decision tree was chosen to be the 

classifier and the accuracy of 99.52% was achieved. Saadeh 

et.al. [7] proposed another system equipped with a single tri-

axial accelerometer.  The fall detection algorithm utilized a 

1-second sliding frames classification with a liner regress-

based offline training to identify a single and optimal 

threshold for each patient. This system performed up to 

>95% accuracy.   

However, many users, especially elderly, misused or 

tended to forget wearing the wearable devices.  Camera-

based and ambient sensor-based systems seemed to have 

advantages.  Vision-based fall detection system called 

“ViFa” based on video surveillance provide an efficient 

solution for automatic detection of fall events [8].  Actually, 

it was mentioned that there must be a trade-off between 

classification accuracy and computational efficiency.  

Alonso et.al. [9] introduced the identification of the optimal 

background subtraction algorithm in indoor night-time 

environments to detect falls using data obtained from video 

camera. LBAdaptiveSOM algorithm yielded the best 

performance in this experiment.  For those who were 

familiar with the WiFi-based connectivity, fall detection was 

also proposed using this technology.  A system called 

DeFall, standing for “Detect Falls” consisted of an offline 

template-generating stage and an online decision-making 

stage, could achieve a detection rate of 96% [10].   

In this paper, an IoT-based monitoring and alarming 

system consisted of pressure sensor and depth camera was 

proposed. The main objective was to focus on the fall from 

bed characteristics which were defined as 1) a fall is a 

process lasting 1-2 seconds 2) the person is lying, sitting or 

standing on the bed at the beginning of the fall and 3) the 

lying body on the floor is nearby the bed.  

. 
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II. SYSTEM OVERVIEW 

Previously, the system included only on-bed pressure 

sensors and machine learning algorithms which effectively 

and accurately provided on-bed movement information, for 

instance what kind of movement at what location the user 

was doing.  But without having sensors outside the bed, 

further movements out of the bed were not yet, in fact, 

comprehended.  Thus, the depth camera was added into the 

system and placed under the bed to cover the bedside 

movement.  Hence, the personal privacy was still preserved. 
A. Hardware Development 

The hardware of the proposed system was illustrated in 

Figure 1.  It consisted of one pressure sensor mattress and 

one depth camera.  If the user moved out of bed on both 

sides, two depth cameras were required.   The dimension of 

the on-bed pressure sensor mattress was 90cm x 190cm, 

containing 144 units pressure sensors inside, to cover whole 

bed movements.  The signal obtained from each pressure 

sensor node was wired and sent to the signal processing 

controller (SPC) which was basically consisted of signal 

amplifier, voltage divider and signal transmitter.  Figure 2 

illustrated the SPC in further detail.  After the signal from 

the pressure sensors was amplified and processed, the data 

was then rearranged in 144-array pattern and transmitted to a 

cloud platform as illustrated in Figure 3.   

 

A commercial depth camera RealSense™ D435i from 

Intel® was used during the experiment without accessing the 

video and picture modes.  The depth information 640 x 185 

pixels2 acquired from RealSense™ library, was down 

sampled by 5.  Then, the depth information which became 

128 x 37 (4,736) pixels2, was combined to the pressure one, 

labeled as different scenarios, and sent to the cloud for 

further analyzing.  

 

B. Software Development 
Heatmap using RGB model was implemented for the 

users to visualize how much pressure was applied on the 

mattress.  Red and blue were maximum and minimum, 

respectively.  Other colors were ranged as follows, 

 
if (value < .10 * maxValue)  R = 0; G = 17; B = 255, 

else if (value < .20 * maxValue)  R = 0; G = 97; B = 255, 

else if (value < .30 * maxValue)  R = 0; G = 212; B = 255, 

else if (value < .40 * maxValue)  R = 0; G = 255; B = 102, 

else if (value < .50 * maxValue)  R = 0; G = 255; B = 0, 

else if (value < .60 * maxValue)  R = 95; G = 255; B = 0, 

else if (value < .70 * maxValue)  R = 223; G = 255; B = 0,  

else if (value < .80 * maxValue)  R = 255; G = 159; B = 0, 

else if (value < .90 * maxValue)  R = 255; G = 63; B = 0 

else  R = 255; G = 0; B = 0, 

 

where value is an input data obtained from the pressure 

sensors and maxValue is the maximum input value.  The 

complete range of color was illustrated in Figure 4. 

 

Six different body movement patterns were investigated 

and described as follows.   

 

On-bed lying (ONLY) included on-bed supine which the 

user was flat on his or her back, lateral on either left or right 

and prone, illustrated in Figure 5, in which the user lied flat 

with the chest down and back up.  

 
 

Figure 1 The proposed system setup 

 
 

Figure 2 Layout of the SPC 

 
 

Figure 3 Flow of signal processing 

 
Figure 4 Color Range of Pressure Display 
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On-bed sitting (ONSI) was on-bed patterns that the user was 

asked to sit casually and freely on bottoms, hands and feet, 

or pose as prefer.   

 

On-bed standing (ONST) was the on-bed patterns that the 

user was asked to stand casually and freely on feet without 

raising any foot off the ground.   

 

The definitions of off-bed patterns were similar to those on-

bed patterns but occurred on the floor next to the bed and 

labeled as Off-bed lying (OFLY), Off-bed sitting (OFSI) and 

Off-bed standing (OFST). Nevertheless, these off-bed 

patterns were acquired from the commercial depth camera. 

 

C. Decision Tree Technique 
Data from the on-bed pressure sensors mattress and the 

depth camera were intensively investigated using four 

different decision tree techniques including bootstrap 

aggregating or bagging (BAG), decision tree (DT), logistic 

model trees (LMT) and random forest (RF) to classify 9 

different scenarios as shown in Table 1. 

TABLE I  SEQUENCES OF MOVEMENTS FROM ON-BED TO OFF-BED 

Class 
Scenario 

From on-bed To off-bed Code 

a ONLY OFLY ONLY2OFLY 

b ONLY OFSI ONLY2OFSI 

c ONLY OFST ONLY2OFST 

d ONSI OFLY ONSI2OFLY 

e ONSI OFSI ONSI2OFSI 

f ONSI OFST ONSI2OFST 

g ONST OFLY ONST2OFLY 

h ONST OFSI ONST2OFSI 

i ONST OFST ONST2OFST 

 

 

D. Experiment Setup 
Three normal male subjects, 24-45 years old, height 171-

185 cm., and weight 67-108 kg., and three normal female 

subjects, 25-29 years old, height 145-163 cm., and weight 

40-55 kg. participated in this experiment.  Each subject was 

instructed to move from the center of the bed toward either 

bedside starting from on-bed standing, sitting and lying 

positions to on-floor standing, sitting and lying positions, 

randomly and repeatedly for 2 minutes with different 

velocities depended on each individual style.  In fact, soft 

mattresses were provided on the floor to soften up the 

landing.  Each subject was carefully described of how the 

experiment was conducted before beginning.  None of 

unusual or dangerous movement was allowed. 

III. RESULT AND DISCUSSION 

After implementing four different decision tree 

techniques with 10-fold cross-validation, the overall 

correctly classified percentage that BAG, DT, LMT and RF 

obtained were 99.05, 98.78, 99.88 and 99.80, respectively. 

 

Table II Confusion matrix of BAG (%) 

 

a b c d e f g h i <-- classified as 

97.444 0.500 0.111 0.667 0.111 0.111 0.333 0.667 0.056 |  a = ONLY2OFNY 

0.056 99.611 0.222 0.000 0.000 0.000 0.000 0.056 0.056 |  b = ONLY2OFSI 

0.000 0.278 99.056 0.000 0.000 0.056 0.000 0.056 0.556 |  c = ONLY2OFST 

0.222 0.000 0.000 98.944 0.056 0.000 0.556 0.167 0.056 |  d = ONSI2OFLY 

0.000 0.056 0.000 0.000 99.389 0.000 0.056 0.333 0.167 |  e = ONSI2OFSI 

0.000 0.000 0.333 0.000 0.000 99.444 0.000 0.000 0.222 |  f = ONSI2OFST 

0.111 0.000 0.000 0.444 0.111 0.000 99.222 0.056 0.056 |  g = ONST2OFLY 

0.111 0.000 0.000 0.000 0.389 0.000 0.167 98.778 0.222 |  h = ONST2OFSI 

0.000 0.111 0.167 0.000 0.000 0.000 0.000 0.056 99.556 |  I = ONST2OFST 

 

 

Table III Confusion matrix of DT (%) 

 

a b c d e f g h i <-- classified as 

98.944 0.167 0.056 0.444 0.111 0.111 0.111 0.111 0.000 |  a = ONLY2OFNY 

0.056 99.389 0.222 0.000 0.111 0.056 0.056 0.111 0.000 |  b = ONLY2OFSI 

0.000 0.333 99.167 0.000 0.000 0.111 0.000 0.000 0.389 |  c = ONLY2OFST 

0.389 0.056 0.000 98.056 0.111 0.000 1.222 0.056 0.111 |  d = ONSI2OFLY 

0.000 0.111 0.056 0.167 98.333 0.000 0.056 1.111 0.167 |  e = ONSI2OFSI 

0.000 0.385 0.333 0.056 0.056 98.944 0.000 0.000 0.333 |  f = ONSI2OFST 

0.111 0.000 0.000 0.889 0.056 0.000 98.667 0.278 0.000 |  g = ONST2OFLY 

0.222 0.167 0.000 0.000 0.556 0.000 0.000 98.944 0.111 |  h = ONST2OFSI 

0.111 0.111 0.278 0.000 0.056 0.444 0.000 0.167 98.611 |  I = ONST2OFST 

 

 

Table IV Confusion matrix of LMT (%) 

 

a b c d e f g h i <-- classified as 

99.722 0.111 0.000 0.111 0.000 0.000 0.056 0.000 0.000 |  a = ONLY2OFNY 

0.000 100 0.222 0.000 0.000 0.000 0.000 0.000 0.000 |  b = ONLY2OFSI 

0.000 0.000 99.944 0.000 0.000 0.000 0.000 0.000 0.056 |  c = ONLY2OFST 

0.000 0.000 0.000 99.611 0.222 0.000 0.167 0.000 0.000 |  d = ONSI2OFLY 

0.000 0.000 0.000 0.056 99.889 0.000 0.056 0.000 0.000 |  e = ONSI2OFSI 

0.000 0.000 0.000 0.000 0.000 100 0.000 0.000 0.000 |  f = ONSI2OFST 

0.000 0.000 0.000 0.000 0.000 0.000 100 0.000 0.000 |  g = ONST2OFLY 

0.000 0.000 0.000 0.000 0.056 0.000 0.056 99.889 0.000 |  h = ONST2OFSI 

0.000 0.000 0.000 0.000 0.056 0.056 0.000 0.056 99.833 |  I = ONST2OFST 

 

 

 

 

 

 

 

 

 

 
Figure 5  Examples of pressure displays from on-bed supine, lateral 

to the left, prone and lateral to the right respectively 
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Table V Confusion matrix of RF (%) 

 

a b c d e f g h i <-- classified as 

99.556 0.000 0.056 0.167 0.000 0.111 0.000 0.056 0.056 |  a = ONLY2OFNY 

0.000 100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 |  b = ONLY2OFSI 

0.000 0.000 100 0.000 0.000 0.000 0.000 0.000 0.000 |  c = ONLY2OFST 

0.111 0.056 0.000 99.556 0.222 0.000 0.000 0.000 0.056 |  d = ONSI2OFLY 

0.000 0.000 0.000 0.167 99.833 0.000 0.000 0.000 0.000 |  e = ONSI2OFSI 

0.000 0.000 0.000 0.000 0.000 99.944 0.000 0.000 0.056 |  f = ONSI2OFST 

0.000 0.000 0.000 0.111 0.000 0.000 99.889 0.000 0.000 |  g = ONST2OFLY 

0.000 0.000 0.000 0.056 0.000 0.000 0.000 99.944 0.000 |  h = ONST2OFSI 

0.000 0.000 0.111 0.000 0.000 0.444 0.000 0.000 99.444 |  I = ONST2OFST 

 

Regarding to the characteristics of the fall specified 

previously, class a, d and h might be considered the major 

consideration.  LMT had the highest percentages on those 

classes in the confusion matrix.  And, RF seemed to be the 

second best alternative. 

TABLE VI  BAG – DETAIL ACCURACY 

TP Rate FP Rate Precision Recall F-Measure Class 

0.974 0.001 0.995 0.974 0.985 a 

0.996 0.001 0.991 0.996 0.993 b 

0.991 0.001 0.992 0.991 0.991 c 

0.989 0.002 0.986 0.989 0.988 d 

0.994 0.001 0.993 0.994 0.994 e 

0.994 0.000 0.997 0.994 0.996 f 

0.992 0.001 0.989 0.992 0.991 g 

0.988 0.002 0.986 0.988 0.987 h 

0.996 0.002 0.986 0.996 0.991 i 

TABLE VII  DT – DETAIL ACCURACY 

TP Rate FP Rate Precision Recall F-Measure Class 

0.989 0.001 0.991 0.989 0.990 a 

0.994 0.002 0.988 0.994 0.991 b 

0.992 0.001 0.991 0.992 0.991 c 

0.981 0.002 0.982 0.981 0.981 d 

0.983 0.001 0.990 0.983 0.987 e 

0.989 0.001 0.993 0.989 0.991 f 

0.987 0.002 0.986 0.987 0.986 g 

0.989 0.002 0.982 0.989 0.986 h 

0.986 0.001 0.989 0.986 0.987 i 

TABLE VIII  LMT – DETAIL ACCURACY 

TP Rate FP Rate Precision Recall F-Measure Class 

0.997 0. 000 1.000 0.997 0.999 a 

1.000 0.000 0.999 1.000 0.999 b 

0.999 0. 000 1.000 0.999 1.000 c 

0.996 0.000 0.998 0.996 0.997 d 

TP Rate FP Rate Precision Recall F-Measure Class 

0.999 0.000 0.997 0.999 0.998 e 

1.000 0.000 0.999 1.000 1.000 f 

1.000 0.000 0.997 1.000 0.998 g 

0.999 0.000 0.999 0.999 0.999 h 

0.999 0.000 0.999 0.999 0.999 i 

TABLE IX  RF – DETAIL ACCURACY 

TP Rate FP Rate Precision Recall F-Measure Class 

0.996 0. 000 0.999 0.996 0.997 a 

1.000 0.000 0.999 1.000 1.000 b 

1.000 0. 000 0.998 1.000 0.999 c 

0.996 0.001 0.995 0.996 0.995 d 

0.998 0.000 0.998 0.998 0.998 e 

0.999 0.001 0.994 0.999 0.997 f 

0.999 0.000 1.000 0.999 0.999 g 

0.999 0.000 0.999 0.999 0.999 h 

0.994 0.000 0.998 0.994 0.996 i 

 

Looking into further detail accuracy from Table VI to IX, 

LMT and RF were comparable, but LMT was a bit better 

when focusing on the characteristics of the fall. Nevertheless, 

FP Rate was very minor in models obtained from LMT.  

IV. CONCLUSION 

 A hybrid sensors-based combining pressure sensors and 

depth camera monitoring and alarming system for fall 

prediction was proposed.  The pressure sensor mattress was 

placed on bed to monitor on-bed movements while the 

commercial depth camera was placed under the bed to 

monitor off-bed movements.  The data obtained from both 

sensors were combined and analyzed to detect the falls from 

bed which were characterized as mentioned previously.  Four 

different decision tree machine learning techniques were 

benchmarked and LMT was the best classifier.  

 Even though the correctly classified percentage was 

99.9, approximately, but further investigation may be worth 

to be explored in order to obtain better results.  Such 

experiments shall be conducted in multi-center with bigger 

number of subjects and/or longer time trials. 
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ႁဝ်းၶႃႈ ပွင်ႇၸ်ႂ တီႈ သူ ယူႇ ။
ကျွန်ေတာ်တုိ့ ခင်ဗျား ကုိ နားလည် ြကပါတယ် ။

ê
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ê = argmaxeP (e|f)

ၵ ၶ င
ၸ သ ၺ
တ ထ ၼ
ပ ၽ ၽှ
မ ယ ရ
လ ဝ ႁ

ဢ



220

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

ဢ ဢႃ ဢီ ေဢ ႄဢ ဢူ ဢူဝ် ေဢႃ ဢုိဝ် ဢူိဝ်
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P (f)

argmaxeP (e|f) = argmaxeP (f |e)P (e)

P (f)

P (e|f)

P (e)

n

ေရာက် [X][X] [X] ||| ႁတ်ွႈ [X][X] [X]
ေရာက် ဖူး [X] ||| ယၢမ်ႈ ႁတ်ွႈ [X]
ေရာက် ဖူး တယ် [X] ||| ယၢမ်ႈ ႁတ်ွႈ ဢူိဝ်ႈ [X]
ေရာက် ဖူး တယ် ။ [X] ||| ယၢမ်ႈ ႁတ်ွႈ ဢူိဝ်ႈ ။ [X]

“ၵိၼ် ယူိဝ်ႈ”
“ၵိၼ်”

“ယူိဝ်ႈ”
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မ်ႂး ႁဵတ်း ဢၼ်ၽိတ်း ဢီႈ သင် ။

“ဢၼ်ၽိတ်း”
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Abstract— Nowadays, elderly people harm their health from 
daily routines such as the habits of eating junk food, lack of time 
for exercising, and so on. When age increases, most of elderly 
people often have encountered with high blood pressure disease. 
This disease can lead to many dangerous diseases. Additionally, 
population of the doctors in hospital is not so high. The doctor 
usually takes a short note about symptoms for quick services 
that might not be enough for diagnosis. Therefore, we proposed 
daily health monitoring chatbot for the elderly people. We need 
to collect information from the elderly people to create personal 
health record (PHR). We develop conversational chatbot to 
interact with the elderly people via LINE application. Outcomes 
of this research support the doctor’s work because after reading 
daily PHR, the doctor diagnoses the diseases and gives advice 
for medical treatment more accurately. Furthermore, Linear 
regression technique was developed to monitor the blood 
pressure’s trend of elderly. Thus, they can prevent or relieve 
some diseases from chatbot warning and taking care the health.  

Keywords—chatbot, personal health record, blood pressure 
disease, health monitoring 

I. INTRODUCTION 
Nowadays, people do not notice about their health, 

especially elderly people. This group of people might know 
that their health may is not in a good condition when it is too 
late.  There are many reasons that people have not noticed that 
can harm their health based on daily routines. The fact that the 
pollution in the atmosphere, the daily workload of people, the 
habits of eating junk food, lack of time for exercising, and so 
on. Commonly, most of the elderly people often have blood 
pressure disease when they are getting old age. The problem 
is that people are unaware of  health is on crisis or in the state 
of danger. The symptoms of having a high blood pressure 
(hypertension) [1] could be known as severe headache, fatigue 
or confusion, vision problems, chest pain, breathing difficulty, 
irregular heartbeat, blood in urine.  

Although the numbers of patient in the hospital increases, 
the amount of the doctors is not growing with the same rate. 
Therefore, when the elderly people go to a hospital or a clinic, 
elderly’s health will be diagnose just in the hospital. Historical 
health data such as daily blood pressure, daily food intake, or 
daily activity is not shown in the report. It might not be enough 
for identifying the disease precisely. Even though the doctor 
might ask the elderly people about history of health, the 
elderly people cannot answer correctly because they forget to 
notice their daily routine.  

Thus, the doctor needs to know personal health record 
(PHR) [2] [3] that contains blood pressure record, food and 
beverage intake record, activity record and weight record [4] 
and other information. The advantages of PHR, are that it 
supports work of the doctor to diagnose the disease and give 
medical treatment more accurately. PHR could be used as 
supporting medical information for the elder people to inspect 
and understand of health’s status so that they can prevent or 
relieve some diseases. Good taking care of the health 
condition can reduce the cost of medical treatment in the 
future. However, to have daily PHR of the elderly people, it is 
not an easy task because to take a daily information from the 
elderly, technology should encourage them to concern about 
the benefit of the daily information such as blood pressure, 
weight, food intake, daily activity, and so on.  

In this paper, we take advantages of Information and 
Communications Technology (ICT) to support health care in 
the group of elderly people. We have proposed daily health 
monitoring chatbot for the elderly people. We aim to create 
daily PHR by using chatbot technology. The conversational 
chatbot will ask information (blood pressure, food, beverage, 
activity, and weight) via Line application. The chatbot will 
also ask a deeper question to the elderly people to collect more 
information to help in the further investigation. Therefore, 
conversation dialog is important for this research. We consider 
bot persona, mood and tone in designing whole conversation 
flow. The conversation dialog in this research gives feeling 
care, warm but it still is formal. The information from the 
elderly people will not be revealed to other parties. AI module 
with linear regression is implemented to monitor the blood 
pressure. Consequently, this chatbot will be able to notify or 
warn the elderly people via Line application when trend of 
blood pressure is abnormal. 

II. BLACKGROUND AND RELATED WORKS 

A. High blood pressure 
Blood pressure is when heart beat squeezes and pushes 

the blood from the heart to the rest of the body. The normal 
blood pressure for adults is less than 120 mmHg for systolic 
and less than 80 mmHg for diastolic. The measures of the 
high blood pressure stage 1 could be measured around 130-
139 mmHg for systolic or higher than 90 mm Hg for diastolic. 
The measures of high blood pressure stage 2 is to be 
measured at 140 mmHg or higher for systolic or 90 mmHg or 
higher for diastolic. In the worst case, the hypertensive crisis 
is measured at 180 mmHg or higher for systolic and/or 120 
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mmHg or higher for diastolic. The symptoms of having a high 
blood pressure could be known [1] as severe headache, 
fatigue or confusion, vision problems, chest pain, breathing 
difficulties, irregular heartbeat, blood in urine. Causes of high 
blood pressure could be considered from age, overweight, 
relatives with high blood pressure, insufficient nutrition, lack 
of exercise, excessive intake of coffee or alcohol, smoking, 
and not enough sleeping. 

B. Body Mass Index  
Body mass index (BMI) is the system to calculate the 

person’s body in order to tell them that they are healthy or 
overweight. The rough calculation is a person’s weight in 
kilograms divided by the height. Overweight BMI is 27.5. The 
obesity range is at 30 or more. Obesity [5] occurs when the 
body consumes more calories than burning. Not only eating is 
in the factor, it also includes genetic, environment, behavior, 
and social factors. The symptoms and illness of being in the 
state of obesity are breathing disorders, cancers, heart disease, 
depression, diabetes, high blood pressure, high cholesterol, 
joint disease, and stroke. Obesity also could be linked into 
psychosocial problems. 

C. Related works 
R. B. Mathew et al.[6] and S. Divya et al.[7] developed a 

health care chatbot application by using natural language 
processing and machine learning. This chatbot application 
could identify disease’s symptom from interaction between a 
bot and patient. In these works, the patient could save time to 
consult the doctor at a hospital. The chatbot also predicted the 
disease and provided necessary recommendation for 
treatment. A. K. Tripathy et al.[8] conducted a healthcare 
management system. This system had a duty like a doctor, 
who the user could rely on. The user needed to carry a mobile 
heart rate measurement in order to detect the heart rate. 
Moreover, the user could talk with the doctor in case of 
urgency via video conferencing. This system would diagnose 
the disease based on the user’s symptom. B. E. V. 
Comendador et al.[9] introduced a computer application, 
which provided a conversational chatbot to interact the user. 
The user could be the patient, children’ parents, who did not 
understand about medicines. This chatbot acted as a medicine 
consultant. It prescribed, suggested and gave information on 
generic medicines for children. H. Lal et al.[10] introduced 
human computer interaction system that use NLP chatbot. 
Their works could answer the patients’ question and diagnose 
the disease based on analyzing the data from clinical note. For 
the specific information, it could be searched on the system 
by analyzing big data. 

III. METHODOLOGY 

 In this paper, we applied a new chatbot technology to 
health care. We have proposed daily health monitoring 
chatbot for the elderly people. We collected daily information 
from elderly people by chatting via Line application. Figure 
1 presents the system architecture that consists of four 
modules, which are users, line bot, NLP module and cloud 
system. 

A.  User 
 User of the system is the elderly people, who will be 

asked for collecting personal health information such as 

blood pressure, food intake, or activity in every day. The 
elderly people will not be asked directly. We will use 
everyday conversations so that the elderly people are relaxed. 
This group of elderly people is required to use Line 
application.  

B.  Line Bot 
 Line bot is a channel to communicate between the elderly 

people and system. We use Line application because it is the 
most popular application in Thailand, provide API for 
developer to connect this application with other system. 
When system found that abnormal trend of blood pressure, 
the system will notify or warn the elderly people via Line 
application. If the elderly people forgot to input the blood 
pressure, Line application will be activated to ask the elderly 
people. However, the elderly people can ask more detail 
about hypertension, their own PHR via this application.  
C. NLP module 
 In this research, Dialogflow [11] will be implemented with 
Line application directly. Dialogflow is used as a main part 
of NLP module in this chatbot to categorize the message from 
Line application. Dialogflow could trigger the event handler 
to push message from bot. In this module, it composes of 
many sub-modules such as user, intent, fulfillment, 
integration and so on. The elderly people’ message is 
analyzed in this module to choose the action to perform. The 
personal health information in the message will be stored in 
database (MongoDB) for further process in the cloud system 
module. Dialogflow can connect with cloud system via 
webhook in fulfillment module. To have smooth everyday 
conversation, we created a conversation flow that suitable for 
elderly people. Bot persona, mood and tone were used to 
design flow of conversation between elderly and bot. 

D. Cloud system 
 Cloud system is backend part of the chatbot. Figure 1 

shows that cloud system consists of three sub-modules: AI 
Health Monitoring, knowledge, and personal health 
information. The python server is the python code that is 
hosted on Google Cloud Instance. AI health monitoring of the 
chatbot will mainly consists of three functions. The function 
consisted of the AI function, report function, and Graph 
function. Linear regression was implemented in the AI 
function to check and predict the trend of blood pressure and 
weight, shown in Fig. 2. Mathematic model is used to setup 
the hypothesis function to predict the type of the trend as 
shown in eq (1).  

 
      ℎ"#$  &  '(  ) "'*  ∗  #$                      (1) 

 

 
Fig. 1. Daily health monitoring chatbot for the elderly people 
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Where hypothesis function or h(x) represents the line 
mathematically, ' is adjustable variable. It can be adjusted 
when h(x) is not good enough (This operation is called 
“optimization”). We can optimize h(x) by checking from  

coefficients with the loss value from the loss function as 
indicated in eq 2. We also use Gradient Descent Optimizer is 
to adjust '  value indefinitely until the lowest loss value 
(optimum point) is achieved.  
 
,-../0 & 1

*

"230_56789:$
; 3 <=. ? !"# _."$%<=. &-'"( ) ℎ"#$, 2$,    (2) 

 
When AI function found abnormal trend of blood 

pressure, it will push message to the user via LINE messaging 
API to start warning the elderly people. Also, AI function will 
select set of questionnaires in NLP module to ask the elderly 
people for more information. The selecting questionnaire is 
based on the type of AI function results. 

Graph function plots the blood pressure and weight data 
into the graph separately. This helps the doctor look at the 
blood pressure trend and weight trend easier.  Report function 
is the function that generates PHR of the elderly people from 
the database to pdf file. The report shows both information in 
term of tables and graphs.  

IV. EXPERIMENT AND RESULTS  
Daily health monitoring chatbot for the elderly people has 

four main features, which are registration, personal 
information edition, blood pressure input, PHR report 
creation. Moreover, other information about food and 
beverage, activity, weight will be extracted in conversation 
during the chatting.  

A. Registration 
When the elderly people firstly add this chatbot as a friend 

in Line application, the chatbot will ask the elderly people for 
the personal information, including name, age, height, weight, 
congenital disease, gender, and telephone number. In some of 
the information, the user can decline to answer the chatbot 
about their information because privacy is concerned [3].  All 
of the information will be stored in the database. AI function 
calculates body mass index by using height and weight as 
basic information for the doctor. After the registration, the 
chatbot will show the menu that the elderly people can edit 
the personal information, input the blood pressure and request 
to see PHR report. 

B. Personal information edition 
This feature allows the elderly people to edit their own 

information. They can choose what information they want to 
edit such as name, age, height, weight, congenital disease, 
gender, and telephone number. For example, the elderly 
people did not answer the weight in the registration process, 
this feature allows him/her to fill the weight. The changed 
information will be replaced in the database.  

C. Blood pressure input 
The blood pressure input feature is the most important 

feature because the doctor can use all information getting 
from this feature for diagnose the current diseases precisely 
such as heart failure, stroke and so on. Moreover, the doctor 
gives a good advice to prevent or relieve the future diseases. 

This feature allows the elderly people to input the blood 
pressure values anytime by choosing option in the menu. If 
the elderly people forget to input in each day, AI function will 
send some signal to the chatbot. Then, it calls to Line 
application to start asking the elderly people. Before 
measuring the blood pressure values, the elderly people 
should stay in a quiet place and relax. Additionally, they are 
advised to sit and rest at least 30 minutes early if they have 
previously been smoking or drinking coffee and caffeinated 
beverages. Next, the chatbot will ask the elderly people to 
input their current blood pressure values both systolic blood 
pressure and diastolic blood pressure. These two values will 
be stored in the database and AI function will process the 
blood pressure trend by using linear regression and other 
works as indicated in Fig. 3. 

• Inputting blood pressure 
The elderly people might input the blood pressure in 

different formats such as 130/80, up 130 down 80, 130 80 and 
so on. Thus, it needs to format this input into two values: 
systolic and diastolic further process in the AI function. 

• Analysis by linear regression and Questionnaire 
about high blood pressure 

AI function will calculate these two values and find the 
trend by using linear regression as explained in section III. 
However, there is a cold start problem because the regression 
requires enough data to find trend. This research cannot 
diagnose the diseases as a doctor, but it helps the elderly 
people screen the risk of diseases, which trend to occur in the 
current situation and future. It also supports the doctor’s work 
to prepare PHR from past until present for diagnosing the 
diseases. There are three types of blood pressure results from 
the linear regression’s prediction: high blood pressure, 
normal blood pressure and low blood pressure. In this 
research, we focus on only high blood pressure result because 
it is more dangerous than other two results. We classify the 
high blood pressure results into three types as shown in Fig 
4., which are continuous increase of blood pressure, peak of 
blood pressure, none increasing of high blood pressure. For 
the continuous increase of blood pressure, the elderly people 
have high blood pressure continuously (systolic over 120 
mmHg and/or diastolic over 80 mmHg) as shown in Fig 4 (a). 

 
Fig. 2. Warning elderly people from AI monitoring 

 
Fig. 3. AI function process 
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It is dangerous for this group of the elderly people. They 
might suffer from severe headaches, fatigue or confusion, 
vision problems and so on. AI function will choose the 
questionnaire to ask symptom to collect in PHR. The elderly 
people might answer by themselves or allow another person 
to answer. Sometimes, the elderly people do not care about 
high blood pressure. They have symptom, but they think that 
taking a rest is enough. This cause the severe symptom in the 
future.  

For the peak of blood pressure, the elderly people have a 
high blood pressure noticeably when compared to the 
previous pressure as indicated in Fig 4 (b). This case can 
occur in real situation because before measuring the blood 
pressure, the elderly people might do exercise, feel shock or 
sad. This causes heart beat so much squeezes and pushes the 
blood from the heart to the rest of the body. Nonetheless, 
taking a rest for a while, the blood pressure will back to a 
normal state. AI function also asks the elderly people in the 
questionnaire. 

For the none increasing of high blood pressure, the 
elderly people have high blood pressure as indicated in Fig 4 
(c). When the time passed, the blood pressure does not go 
increase or decrease so much. This is possible that the elderly 
people forget to take medicine. The medicine might not suit 
for the elder people’ diseases anymore. Moreover, they might 
not know have high blood pressure as congenital disease. 
This group of people has high risk because they do not how 
to take care themselves or control the disease before severe 
symptom occurs. Thus, AI function choose the questionnaire 
to ask about family background about high blood pressure, 
what kind of medicine they have taken, what kind of food and 
beverage they have eaten, and so on. 

 

 
a. Continuous increase of blood pressure 

 
b. Peak of blood pressure 

 
c. None increasing of high blood pressure 

Fig. 4. High blood pressure types 
• Random asking for food and beverage intake or 

activities 
To get more information in period of the day, AI function 

randomly chooses a set of questionnaires either food and 
beverage intake or activities. The questions in the 
questionnaire will not repeat. A set of questions in the 
questionnaire is prepared, because we do not want the elderly 
people feel bore to answer same questions every time. The 
number of questions is just two or three questions. For 
example, the chatbot start asking general questions, then asks 
about “what food did you eat?”, “what dessert did you eat”, 
“what beverage did you drink”. The conversation style will 
be natural and smooth.  

Questionnaire about food and beverage intake and 
activities are important. This is because they affect 
controlling the high blood pressure disease. If the elderly 
people, who have high blood pressure, do exercise every day 
or eat healthy food, this can relieve or control symptom of 
high blood pressure. Additionally, the elderly people will be 
healthy and save the money for medical treatment. When the 
doctor reads the daily activities and food and beverage intake, 
he/she can understand and diagnose precisely [12]. 

• Asking weight 
The high blood pressure relates to body weight.  Around 

50% of the elderly people, who have BMI more than 25 or 
overweight, trend to have high blood pressure around 20-
30%. Moreover, the obesity is a factor that relates to many 
diseases such as chronic diseases, diabetes, cardiovascular 
diseases and cancer. The elderly people should have BMI 
between 18.5-24.9. Therefore, this research asks the elderly 
people’ weight to measure BMI [12][13]. 

D. PHR report creation 
Report creation is one of key features of daily health 

monitoring chatbot for the elderly people. the report will 
be created anytime that the elderly people requests via 
Line application. It shows daily PHR, which is collected 
from the elderly people in each period of time in a day. 
There is three main information in daily PHR as indicated 
in Fig 5.: registered information, table and graphs. The 
registered information is personal information that the elderly 
people registered such as name, gender, weight and so on. 
The tables in Fig. 5 indicates date and time, food, symptom, 
activities and others. This information will be retrieved from 
databased. The doctor can see that which date the elderly 
people has symptom and find cause of that symptom. There 

Peak 
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are two graphs for blood pressure and weight. The graphs 
illustrate the real data and trend line in order to be easy to see. 
Therefore, if the elderly people pay attention to input and 
answer the questionnaires, the doctor will have enough 
information to diagnose and give advice precisely. In 
addition, daily PHR helps the elder people be aware their 
health’s condition and find the way to control the disease. 

V. CONCLUSION AND FUTURE IMPROVEMENT 
 In this research, we adopted a new chatbot technology 

to health care. We have proposed daily health monitoring 
chatbot for the elderly people. We focus on collecting daily 
PHR of elderly people by chatting via Line application. This 
is because when age increase, some diseases, especially the 
high blood disease, come to attack the elderly people, some 
elderly people do not take care themselves until health 
condition is not so good. This research provides the elderly 
people to interact with the chatbot. Four main features: 
registration, personal information edition, blood pressure 
input, PHR report creation were proposed to help the elderly 
to keep in touch with their health. Linear regression was 
proposed in AI module to monitor the trend of elderly’s blood 
pressure. This module can warn to the elderly when high 
blood pressure trend is going to occur. AI module can classify 
the high blood pressure results into three types as shown in 
Fig 4., which are continuous increase of blood pressure, peak 
of blood pressure, none increasing of high blood pressure. 
Furthermore, related information such as food intake, weight, 
or daily activity is also record for giving the additional 

information to the doctor. Thus, daily PHR supports work of 
the doctor to diagnose the disease and give medical treatment 
accurately. PHR helps the elder people be aware their health 
condition before disease became severe level.  

For improvement, we plan to extend style of chatting 
from text to voice because some elderly people is familiar 
with voice rather than typing. Furthermore, we plan to 
integrate system that can extract nutrition of food such as 
calories, nutrient, vitamin and so on from text input. This can 
evaluate how useful the food is. 
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Abstract— the paper propose a part of image processing for 
applying on security and authentication. This system looks to 
be about image processing techniques applied to work in 
security and data access authentication information through 
application on mobile. In regard to financial transactions by 
using Eigen face for face recognition to process and verify its 
validity. The paper is an idea for prototype applications, the 
system may not be complete and correct, it can be used 
practically. However, our work will provide the technical 
know-only. 

Keywords— Face Recognition, Haar-like model, Eigen face 

I. INTRODUCTION  

Nowadays, it is more convenient to process financial 

transactions because there are technologies that provide 

convenience through all channels such as on computers or 

smart phones [1], [2] . However, these technologies come 

with danger since they allow access to important data about 

financial transactions [3]. For instance, on 31 July 2019 a 

thief transferred money to Mr. Phansuthee’s Kasikorn Bank 

account by requesting to change a new SIM Card at 

Truemove [4]. The old password was changed to access K-

Mobile Banking application and the amount of 986,700 baht 

was transferred to other account. This situation has revealed 

security problems of application on mobile access when 

processing financial transactions. Accessing data requires 

Log-in process of OTP or receiving SMS that informs OTP 

password to verify a transaction [5]-[7]. When a mobile 

number that receive OTP or SIM Card is changed, a signal at 

a new SIM card will be registered and a user of the new SIM 

card will receive OTP password to verify access to mobile 

application [8].  As a result of such incident, the idea to 

increase security when accessing financial transactions 

through mobile application was initiated. BioMatrix 

technology was applied to verify access [9]-[11], using a 

combination of face recognition system and a camera on 

smart phone. Cloud system was used to store master initial 

image data to be compared and every data processing was 

recorded [12], [13]. This system will increase complexity 

and security of data access [14]. This paper aimed to create a 

security system for processing financial transaction through a 

user’s face recognition. 

The organized of our work start with related research 

give a describe about concept and literatures are related in 

section II. Next main topic shows the styling system design 

for understanding of overview workflow and the solutions 

about our system with step by step. Section IV., the 

experimental and results and the last is conclusion.    

 

II. RELATED RESEARCH 

 
CCTV face detection and tracking system [9] by the 

Faculty of Engineering, King Mongkut's Institute of 

Technology Ladkrabang 2018 used knowledge-based 

methods, Feature   Invariant Approaches, Template matching 

methods,   Appearance-based methods, face detection of 

Viola-Jones [14], [15] . It functions through a program and 

can monitor via android operating system. The advantage of 

this system is the accurate data processing and suits for a 

close building that requires authentication [16]. However, 

there is an error in reflectivity and the system cannot be used 

with android operating system. Y. Zhang, et al., [17] 

proposed a security controlled system on raspberry pi with 

Eigen face technique and illumination change. They 

proposed Eigen face technique and illumination change for 

facial authentication for automatic door opening-closing 

system. The system consists of a computer and raspberry pi, 

applying face detection, face recognition and Eigen face for 

face recognition techniques. PCA algorithm or Eigen faces is 

studied since it is a less complex algorithm and is appropriate 

for such context. [18] The advantage of this system is that it 

used understandable technique and the processing was not 

complex [19]. However, the system could cause an error 

when there is a disturbing signal and different illumination. 

In addition, a study of R. Ranjan et al [20], proposed an 

intelligent model for system access control by human face 

verification which applies the biometric technology. The 

system focuses on human face detection which uses the skin 

color model to detect the skin color and human face 

verification which recognizes important face features. The 

advantage of this system is that it can be used with the 

disabled, gives accurate results and similar features can be 

analyzed nearly 100%. However, the system is expensive 

and it can be used with non-moving devices such as CCTV 

or a camera which directly scans. It also functions as a 

program only. 

A.  Haar-Like Model 

Haar-like feature proposed by Viola and Jones [21]. 

Haar-like feature extraction is a popular technique 

implemented for finding the difference of the intensity 

between white and black areas [22]- [24]. 

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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            (a)               (b)                 (c)                    (d) 

Fig. 1. (a) haar-like feature characteristics, (b) two-rectangle 

features, (c) three-rectangle features, (d) four-rectangle 

features. 

B. Eigen face 

Face recognition by Eigen face is a system that analyzes 

basic facial features through statistical analysis [25], [26]. 

Eigen vector is a set of vectors derived from covariance 

matrix [9], [25]-[27]. The Eigen face forms a model that 

includes outstanding features of all facial images to identify 

specific values on faces. Individual person has individual 

value [28]. 

 

Fig. 2. Face Recognition by Eigen Face. 

 Eigen face is a techniques for improving face recognition 

are achieved by converting two-dimensional images of 

human faces into one-dimensional vectors [29]. And stored 

in the database and when wanting to compare images of 

faces, people who are interested will convert that face to a 

one-dimensional vector. Then compare the vector with the 

image in the database to find the result For example, the first 

face comparison is compared with the basic set. It is the 

same as Eigenface 1 10% same as Eigenface 2 55% same as 

Eigenface 3 minus 3% when comparing the second face. And 

then get the percentage of% in the same direction, then page 

1 and page 2 are the same page [26],[30].  

 Eigen face creation steps 1) Prepare images for a variety 

of tests. Eigen face characteristic, which is an analysis of the 

basic elements of the face. With a variety of facial statistical 

processes Therefore, the images must be prepared for the 

database for review. Which is a set of images for practice 

This should be a picture that was taken in the light 

conditions, the position of the eyes and mouth in the same 

position. And all pictures must have the same resolution By 

having the same pixel array characteristics The vector of this 

image is stored as a matrix. 2) Calculate the characteristic 

page or eigen Vecto. A characteristic face is a set of eigen 

vectors that can be obtained from the covariance matrix, 

forming a model of a face that combines the characteristics 

of a sample face image. Let's come together to find the 

specific value of the elements on the face. In which each 

person will be unique to that person. 3) Convert the grayscale 

image to vector to determine the eigenvalue and apply the 

eigenvalue of the portrait preview. Let's create a unique face 

model to find the position of the face. (Distribution-Base 

Methods) show the distribution of the sample data model 

with page and non-page to be used as a basis for decision 

making. 4) Take the Gaussian function to estimate the 

distribution of the sample mean. 

III. STYLING SYSTEM DESIGN 

The development of financial transaction processes 

images received from a mobile phone camera by face 

recognition of a user. Confidence is consistently monitored 

when accessing the data. The system displays the access 

through Real Time mode as shown in Fig 3. 

 

 

Fig.3. System Functioning. 

Fig 3. shows the system functioning. The system receives 

ID card and images captured by a smart phone camera as 

well as the data stored on cloud base in order to proceed 

detection and recognition to find Confidence value. The 

Confidence values from master images on Cloud Base 

recorded when a user first opened a bank account are 

compared. If the Confidence value is close to 0.5, it is True. 

If not, it is False. The system is divided into 2 sides: 1) trade 

and: 2) test. 

A. Trade Functioning 

Trade records the data of Haar Like used for comparison. 

The trade records master images of users and proceeds 

Detection to identify face values including eye, nose and 

mouth. Then, the values are converted into number to be 

compared with a user’s data. The process is shown in Fig 4. 
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Fig. 4. Trade Functioning. 

• Input: Receive ID data and image captured by a 

smart phone camera. 

• Face Detection: Use Eigen Face as follows.  

o 6 images are used in Eigen Face. 

o Use K with the maximum Eigen value (K 

< M to reduce data size). Each image is N 

x N and is in matrix format. It is converted 

to a ! 2x 1 vector to make the image for 

PCA. For instance, a 120 x 120-pixel 

image equals 14400 vector. 

 

• Algorithm Eigen Face 

o The image is derived from the best K 

Vector. Then, all images are read as 

"1,2,"3,…". Faces in all images should be 

at the center. 

o Each image is converted to vector from N 

x N matrix to ! 2x 1 # $  matrix. For 

instance, 6 images are converted to 

vectors. Lengthy vectors can be reduced 

by PCA method. 

o Mean face of vectors of the 6 images is 

identified. 

 

              Ψ is Mean Face 

o Eigenvector of each image is minus Mean 

Face and new Eigenvector is identified. 

                    

The concept is that a new Eigenvector (Φi) records 

differences of mean. That is, similar values to mean values 

are deleted because similar data cannot distinguish individual 

faces. The values rarely different from the Mean Face value 

are stored in the database. Therefore, it is important to delete 

these values by using PCA method. 

o Eigenvector is sequenced as A matrix as 

shown below. 

 

 

 

o Covariance matrix (C) is identified as 

shown below. 

 

                  

            A is N2 x M matrix and C is M x 

M matrix. 

o The maximum value of Eigenvectors in the 

6 images is identified. Each vector is used 

to form Eigen Face, using linear 

combination of all faces. It is a set of 

vectors showing face directions in the 

database with the most different value. 

• Haar Like: Use vector values to process Machine 

Learning called “Adaptive Boost” or “Adaboost” to 

identify Weak Classifier. Then, weighted average is 

identified to reduce errors which can create Strong 

Classified. 

• Read Image and Processing :After Eigen Face 

process and the best images are identified, the 

system examines images with constant values again. 

Then, images read are recorded and converted to 

numbers to give accurate Confidence values. The 

data is uploaded on Cloud Base known as Firebase. 

B. Test Functioning  
• Test functioning is shown in Fig 5. 
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Fig. 5. Test Functioning. 

• Input: Receive an image from Mobile Application. 

 

 

Fig. 6. Receiving an image. 

• Face detection: The system uses Eigen Face which is 

similar to what the trade uses. 

• Face Recognition consists of 2 steps. 

o 1) Identify vector identify Ω from Γ input 

image. 

o 2) Identify differences between Ω and 

vector identities of the 6 images in the 

database. The vector identities in the 

database with least differences compared 

with Ω can be the same face. 

o Vector identity of input can be calculated 

as follows.  

o Identiy can be calculated by: 

  

o Weight value can be calculate by: 

 
o Weight values of K form a vector 

identiy of input 

 
When vector identity of input is 

identified, differences between input and 

vector in the database is are calculated 

through the following equation. 

 
Through the equation, the differences between 

indentities in the database are identified. The least SJ 

identity is selected for verification. 

• Compare Haar Like: Input received is not face 

images recorded in the database. Therefore, images are 

screened out, using Threshold values. If the least different 

value is less than Threshold value, that face is the face of the 

test in the database. 

 

 

 

 

 

 

 

 

Fig. 7. Face dentity detection on Haar Like in Firebase. 

 

Fig. 8. The system compares face identity with the data on Haar 

Like. The system screens Threshold value. The least value or the 

value in Firebase range is correct. 

(7) 

(8) 

(5) 

(6) 
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Fig. 9. The system is loading the dat on Firebase. 

 

 

Fig. 10. Data derived from Compare Haar Like process. 

 

Fig. 11. Data not derived from Compare Haar Like process. 

IV. EXPERIMENTAL RESULTS 

The system was tested in both trade and test for 10 times. 

The test details are as follow. 

A. Experimental Results of Trade 
Face detection test: 6 images were captured for 10 times 

so it included 60 images in total. However, only 45 images 

could be processed. These images included straight face with 

clearly-seen eyes, nose and mouth. Another 15 images could 

not be used. These images included those with sufficient 

illumination, inaccurate details and objects blocking faces. 

Also, the images were captured at too-high or too-low 

angles. The experimental results showed that 85% of images 

passed the face detection process. 

 

B.  Experimental Results of Test 
Face recognition test: 10 tests were carried out and 

yielded the same Confidence values as Haar Like did for 6 

times. Images that straight face, eyes, nose, mouth were 

clearly detected gave Confidence values. Four images with 

Confident values did not match Haar Like included images 

that eyes, nose and mouth could not be captured. When 

proceeding recognition, the values to be compared were 

inaccurate and were not in the range of Haar Like on 

Firebase. The experimental results showed that 85% of 

images passed the face recognition whereas 15% of the 

images failed to pass the test. 

V. CONCLUSION 
This research aimed to create a security system for 

processing financial transaction on a smart phone through 

recognition and face detection techniques. The researcher 

proposed Eigen Face and Haar Like methods in detecting 

face and recognizing face. The results yielded accurate 

results of face detection at 85% and of face recognition at 

85%. 
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Abstract— This research presents a method to classify 
messages from Twitter (tweet) related to 
Methamphetamine. The messages are classified into three 
classes: normal, seller, buyer. The models presented in this 
research are Multinomial Naive Bayes, Multi-Class 
LSTM, and Hierarchical LSTM. Model training uses a 
balanced and imbalanced dataset. The text used for Model 
training is tokenized from four tokenizers: Tlex+ 
, Lexto+, Attacut, and Deepcut. To study the model 
performance's effect, we divide the data with a different 
dataset and tokenizer. The results showed that all models 
could classify the messages into the three classes. The most 
effective model built from a balanced dataset is the 
Hierarchical LSTM model using the Lexto+ Tokenizer 
provides the highest Accuracy, and the most effective 
model build from an imbalanced dataset is the Multi-Class 
LSTM model using the Lexto+ Tokenizer. This model 
gave the highest Accuracy, but the F1-Score of the 
Hierarchical LSTM model gave better Accuracy in each 
class.  

The creation of a text classification model related to 
Methamphetamine uses Twitter messages. Most of them 
are Thai grammatical errors and has many slang usage. 
We found that Lexto+ is the best tokenizer to build a 
model. However, it is not much different from other 
tokenizers. On the other hand, the best dataset to build the 
model is a balanced dataset that significantly affects model 
performance. 

Keywords— text classification, Methamphetamine, LSTM, 
Natural Language Processing, twitter classification 

I. INTRODUCTION 
The use of Twitter in Thailand is widespread today. Usage 

is reported to have grown 35% in 2019 compared to the 
previous year. (This is the highest growth rate in Southeast 
Asia), but behind this growth, some businesses are using 
Twitter to expand their marketing into selling illegal items. 
That is the drug trade. 

Surveillance reports found that more than 200 Twitter 
users sold drugs such as Methamphetamine, marijuana, 
kratom, and Tramadol. Most of these sales use various slang 
or hashtags, which symbolize the drug trade group and are 
mostly related to its name, its use, and addiction symptoms. 

The widespread use of social media provides an 
opportunity for merchant groups to use as a communication 
channel to facilitate drug dealing. According to a report by the 
Office of the Narcotics Control Board (ONCB) of Thailand, 
this has led to increased drug dealing rates through social 
media. The trading rate of Methamphetamine is higher 

compared to the past. Moreover, there are also more online 
trading channels, such as Twitter. 

Currently, Thai tweets related to methamphetamine 
trading are detected by searching for relevant keywords 
directly on Twitter's website or app. This method requires a 
large number of detection personnel to achieve its goal. 

This research aims to classify which Thai tweets are likely 
to be sellers, buyers, or normal tweets. By using tweets that 
contain keywords or slang that are related to 
Methamphetamine in Thai, such as "ไฮ", "ไอซ�", "บิน" or 
"งานก�อน", etc. Twitter Streaming API will automatically 
crawl all tweets used for research. All tweets labeled will be 
tokenized by 4 Tokenizers (Tlex+, Lexto+, Attacut, and 
Deepcut) to create classifiers. 

Classifiers are created with three techniques: Multinomial 
Naive Bayes, Multi-class LSTM, and Hierarchical LSTM, 
created with balanced and unbalanced datasets and four 
different Tokenizers. There will be 24 classifiers to compare 
and conclude in sections 4 and 5, respectively. 

II. RELATED WORKS 
Currently, the drug epidemic has been found on social 

media, Twitter. It is used as a channel through which sellers 
and drug users make it easy to access drugs[3]. There are 
various tools used to find drug-related information on Twitter, 
including 

One of the most straightforward tools to find information 
is keyword [4], which helps distinguish Tweet messages from 
other groups. However, Classifying a group of sentences by 
keyword is not good at classifying the text. 

The researcher then chose to use the Naive Bayes 
Classifier, which classifies sentences into multiple classes [5]. 
Moreover, the LSTM tool is suitable for sentiment analysis 
and can classify messages [6]. As a result, the text can be 
classified more accurately. 

S.Yuenyong et al. (2018) studied the classification of 
illegal messages, including Pornography, sex toys, Prostitute, 
gambling, and user drugs in the Thai language by Deep 
learning. The accuracy of the drug message was 89% [7]. 

Therefore, it inspired the researcher to study the 
classification of methamphetamine trading further. Which 
will be experimented with in this research.  

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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III. PROPOSED METHODS 

A. Keyword selection for searching sentences from twitter 
A study was conducted to create a classifier to classify 

methamphetamine dealer and buyer in the Thai context from 
the Twitter API by using the keyword that related to the 
methamphetamine in Thai language. Consisting of these 
words  

TABLE I.  METHAMPHETAMINE KEYWORD 

no 
Methamphetamine keyword 

word IPA meaning 

1 ไอซ� ʔaj Nickname of Methamphetamine 

2 เก็ต kèt Nickname of Methamphetamine 

3 นํ้าแข
 ็ง 

nám kʰɛ̌ŋ Nickname of Methamphetamine 

4 ไฮคูล haj kʰuːn Nickname of Methamphetamine 

5 งานก
 �อน 

ŋaːn kɔ̂ːn Unit of measure 

6 จี tɕiː Unit of measure 

7 ไฮ haj symptoms of drug addiction 

8 ลอย lɔːj symptoms of drug addiction 

9 บิน Bin symptoms of drug addiction 

10 ดึง dɯŋ How to take drugs 

 

The researcher was concerned that a classifier built on an 
imbalanced dataset would cause poor classifier performance, 
so the researcher decided to divide the data into two types: 
imbalanced dataset and balanced dataset (using the Under-
sampling handles balanced dataset), which includes. 

TABLE II.  CHARACTERISTICS OF THE INFORMATION 

Class 
label 

characteristics of the information 

class imbalanced total balanced total 

0 normal 2491 416 

1 seller 476 416 

2 buyer 416 416 

 

B. Data Cleaning 
Sentence cleaning before tokenization to get the cleanest 

text, the researcher needs to eliminate the unwanted parts of 
the sentence using regular expressions to omit the text or 
special symbols, as shown in Table III.  

However, in this research, the hashtag # was not taken for 
special significance, but the words in #{word} are used for 
processing as well as other words in the sentence. 

TABLE III.  UNWANTED PARTS OF THE SENTENCE 

no 
unwanted parts of the sentence 

unwanted parts description 

1 RT Word RT At the beginning 

2 @{username} @ Sign and following username 

3 … Three dot sign after all sentences 

no 
unwanted parts of the sentence 

unwanted parts description 

4 555* 555 more than 3 times represent the 
laugh 

5 ๆ Re-reading symbols 

6 “(“ and “)”  Open and close parenthesis 

7 . The full stop 

8 , comma 

9 - dash 

10 ; semicolon 

11 “” Quotation marks 

12 http://* and https:// The URLS 

13 / slash 

14 = Equal sign 

15 Space more than 1 Space including tab and other 

 

C. Tokenizations 
The tokenizing process for pre-processing in this research, 

using 4 Tokenizers consisted of: 

1.Thai language tokenizer system (LexTo+) Tokenize 
with dictionary-based technique using Longest matching 
algorithm. 

2.Thai language tokenizer system (TLex+) Tokenize with 
machine learning techniques using Conditional Random 
Fields algorithm. 

3.AttaCut-Fast and Reasonably Accurate Word Tokenizer 
for Thai by Pattarawat Chormai 

4.Deepcut is a Thai word segmentation library using Deep 
Neural, specifically, 1D Convolution Neural Network. 

The tokens received from the tokenizer are arranged 
sequentially separated by spaces and then stored in the 
database in the fields as "sentence_lexto" ," sentence_tlex",," 
sentence_attacut" and ,"sentence_deepcut"   for further 
processing. 

 
Fig. 1. Procedures for tokenizing messages with four types of Tokenizer. 
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D. Modeling for classification 
The classifiers' creation with messages from the Corpus 

has been cleaned up, and those messages are divided into four 
groups based on their Tokenizer algorithm. Every classifier 
creation process requires that the training set and testing set 
data be used 75:25 of the total.  

In this research, a classification model consisting of three 
main methods, which use different tokenizers and different 
datasets. (balanced and imbalanced dataset). 

 
Fig. 2. All models used in the experiment. 

1) Naive Bayes Classifier 

The Naive Bayes Classifier is one of the popular methods 
of text classification that can classify multiple classes of text 
[5]. It is one of the probability equations. Creating a classifier 
is done by preparing the Naive BAYES network with a hand 
tool called Scikit-learn and then taking the sentence from the 
database, including: “sentence_lexto”, “sentence_tlex”, 
“sentence_attacut”, and “sentence_deepcut” to create a 
classifier from both the balanced and imbalanced dataset. This 
classifier can predict all three classes: normal, seller, and 
buyer. 

 
Fig. 3. The structure of multinomial Naive bayes classifier. 

 

Fig. 4. The structure of multi-classes LSTM classifier. 

2) Multi-classes LSTM classifier  

This method is easy to provide because it creates only one 
network classifier to identify three classes.[6] However, in the 
sentence used to train about Methamphetamine, both buyers 
and sellers tend to be very similar. Also, the sentence in class 
0 (Normal class) are considered together in the network. 
Therefore, the three-class prediction results were not accurate 
enough to predict buyers and sellers. Consequently, the 
researcher was inspired by [7] to separate the classifier's level 
to The third model that is a Hierarchical LSTM classifier 

3) Hierarchical LSTM classifier 

The Hierarchical LSTM classifier is made up of two 
models. The first model classifies text sentences that are 
related or unrelated to methamphetamine. The prediction 
results from model 1, which were related to 
Mmethamphetamine, were used to classify buyers or sellers 
using Model 2, respectively. By separating the hierarchy of 
unrelated text (class0), the second level classifier can better 
predict the sentences related to the buyer or seller. 

 
Fig. 5. The structure of 2-levels LSTM classifier. 

IV. EXPERIMENT RESULT 

A. Experiment Setting 
This experiment used sentences from Twitter that matched 

the keyword from the table. 1, and then labeled those 
sentences into three classes, class 0 was the normal sentence, 
class 1 was the seller sentence, and class 2 was the buyer 
sentence. according to the numbers as shown in the table. 2  

Subsequently, the experiment was divided into two parts: 
Experimenting with the balanced and imbalanced dataset, 
75% used for model training, and 25% for testing. 

An experiment with a balanced dataset extracted from a 
corpus using the Under-sampling handles balanced dataset 
(416 messages) 

Both balanced and imbalanced data selected as model 
training data are passed through four tokenizer types: the first 
is the Thai tokenizer system (LexTo+) tokenize with the 
dictionary-based technique using the Longest matching 
algorithm. Second Thai language tokenizer system (TLex+) 
Tokenize with machine learning techniques using the 
Conditional Random Fields algorithm. Third AttaCut 
tokenizer and DeepCut tokenizer. 
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Tokens from 4 tokenizer use for created three models, 
multinomial Naive Bayes Classifier, Multi-Classes LSTM 
classifier, and Hierarchical LSTM classifier. Finally, 24 
models are obtained, as shown in figure 2. 

B. Evaluation Measurement 
The model performance is measured from the accuracy to 

compare each model's overall performance. Each class's 
F1_score is measured to compare the performance in the 
Normal class, buyer class and seller class of each model. 

C. Results 
After building and testing the model, the researcher 

presented the results in two parts based on the data balance 
characteristics used to create the model: balanced dataset and 
imbalanced dataset, showing performance based on the 

accuracy and F1_score of each model, which uses a different 
tokenizer. The performance details are shown in Tables IV 
and V. The details are as follows. 

1) Result of the Balanced Dataset 

When a balanced dataset was used to create three models 
and measure their performance with Accuracy and measure 
the performance of each prediction class with F1-Score, the 
model with the highest Accuracy for Balanced Dataset was 
Hierarchical LSTM using a Lexto+ Tokenizer with Accuracy 
0.94 is show in table IV. 

Therefore, the Hierarchical LSTM model using the Lexto+ 
Tokenizer provides the highest Accuracy in the Balanced 
dataset. 

  

TABLE IV.  PERFORMANCE OF EACH BASED ON VARIATIONS OF TOKENIZER WITH BALANCED DATASET. 

 

TABLE V.  PERFORMANCE OF EACH BASED ON VARIATIONS OF TOKENIZER WITH IMBALANCED DATASET. 

Performance of each based on variations of tokenizer with imbalanced dataset. 
Performance 

Measure 
Multinomial Naive Bayes Multi-class LSTM Hierarchical LSTM 

Normal Seller Buyer Normal Seller Buyer Normal Seller Buyer 

Tl
ex

+ 

Accuracy 0.83 0.83 0.83 0.88 0.88 0.88 0.86 0.86 0.86 
Precision 0.92 0.73 0.88 0.94 0.90 0.58 0.93 0.81 0.77 

Recall 0.89 0.93 0.69 0.99 0.55 0.65 0.98 0.80 0.79 
F1 0.90 0.82 0.77 0.96 0.68 0.62 0.95 0.80 0.78 

Time 0.024s 992.718s 3,134.634s 

Le
xt

o+
 

Accuracy 0.86 0.86 0.86 0.89 0.89 0.89 0.87 0.87 0.87 
Precision 0.95 0.76 0.87 0.94 0.82 0.63 0.94 0.91 0.72 

Recall 0.91 0.91 0.76 0.98 0.71 0.58 0.98 0.70 0.92 
F1 0.93 0.83 0.81 0.96 0.76 0.60 0.96 0.84 0.81 

Time 0.026s 884.088s 3,015.825s 

A
tta

cu
t 

Accuracy 0.82 0.82 0.82 0.88 0.88 0.88 0.86 0.86 0.86 
Precision 0.93 0.70 0.88 0.93 0.80 0.63 0.94 0.88 0.72 

Recall 0.87 0.94 0.67 0.98 0.62 0.60 0.97 0.69 0.89 
F1 0.90 0.80 0.76 0.95 0.70 0.61 0.95 0.77 0.79 

Time 0.023s 779.918s 3,325.945 

D
ee

pc
ut

 Accuracy 0.85 0.85 0.85 0.87 0.87 0.87 0.86 0.86 0.86 
Precision 0.93 0.75 0.88 0.94 0.83 0.52 0.93 0.89 0.72 

Recall 0.90 0.94 0.71 0.96 0.67 0.58 0.98 0.70 0.90 
F1 0.91 0.84 0.79 0.95 0.74 0.55 0.95 0.78 0.80 

Time 0.025s 908.318s 3,237.583s 

Performance of each based on variations of tokenizer with balanced dataset. 
Performance 

Measure 
Multinomial Naive Bayes Multi-class LSTM Hierarchical LSTM 

Normal Seller Buyer Normal Seller Buyer Normal Seller Buyer 

Tl
ex

+ 

Accuracy 0.84 0.84 0.84 0.76 0.76 0.76 0.93 0.93 0.93 
Precision 0.92 0.83 0.80 0.77 0.90 0.64 0.87 0.99 0.99 

Recall 0.81 0.93 0.80 0.83 0.71 0.73 0.84 0.99 0.99 
F1 0.86 0.88 0.80 0.80 0.80 0.68 0.85 0.99 0.99 

Time 0.019s 330.252s 1,758.750s 

Le
xt

o+
 

Accuracy 0.87 0.87 0.87 0.76 0.76 0.76 0.94 0.94 0.94 
Precision 0.97 0.83 0.82 0.78 0.91 0.65 0.87 0.99 0.99 

Recall 0.86 0.94 0.81 0.86 0.69 0.74 0.91 0.99 0.99 
F1 0.86 0.94 0.81 0.82 0.79 0.69 0.89 0.99 0.99 

Time 0.019s 340.781s 1,980.604s 

A
tta

cu
t 

Accuracy 0.83 0.83 0.83 0.76 0.76 0.76 0.93 0.93 0.93 
Precision 0.93 0.82 0.74 0.76 0.91 0.65 0.87 0.99 0.99 

Recall 0.80 0.90 0.78 0.81 0.76 0.71 0.88 0.99 0.99 
F1 0.86 0.86 0.76 0.78 0.83 0.68 0.87 0.99 0.99 

Time 0.020s 328.791s 1,900.984s 

D
ee

pc
ut

 Accuracy 0.85 0.85 0.85 0.74 0.74 0.74 0.93 0.93 0.93 
Precision 0.92 0.73 0.88 0.76 0.92 0.62 0.87 0.99 0.99 

Recall 0.78 0.95 0.81 0.78 0.70 0.75 0.89 0.99 0.99 
F1 0.85 0.89 0.81 0.78 0.80 0.68 0.88 0.99 0.99 

Time 0.020s 338.792s 2,037.081s 
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2) Results of imbalanced dataset 

When the imbalanced dataset was used to create in t create 
three models. the model's performance was evaluated by 
Accuracy, and F1-Score evaluated each prediction class's 
performance. The model with the highest Accuracy for the 
Imbalanced Dataset was Multi-Class LSTM using a Lexto+ 
Tokenizer that gives an Accuracy of 0.89 is show in table V 

However, when considering the F1-Score of the Multi-
Class LSTM, which consisted of a normal class, seller class, 
buyer class, the results were 0.96, 0.76, 0.60, respectively, 
which less effective than the F1-Score of the Hierarchical 
LSTM model, which consisted of class normal, seller, buyer 
is 0.96, 0.84, 0.81, respectively. 

Therefore, the Multi-Class LSTM model using the Lexto 
+ Tokenizer gave the highest Accuracy, but the F1-Score of 
the Hierarchical LSTM model gave better Accuracy in each 
class. 

V. CONCLUSION 
This research created three models (Naive Bayes, Multi-

Class LSTM, Hierarchical LSTM) for classifying Twitter 
messages related to Methamphetamine. We try to build 
models that can classify those Twitter messages into three 
classes: normal, seller, buyer. In the process of model 
building, we use different tokenizers and datasets. 
Furthermore, we compared the performance of each model, 
using Accuracy and F1-Score. 

The study results showed that all models could classify the 
messages into the three above groups. The most effective 
model built from a balanced dataset is the Hierarchical LSTM 
model using the Lexto+ Tokenizer provides the highest 
Accuracy, and the most effective model build from an 
imbalanced dataset is the Multi-Class LSTM model using the 
Lexto+ Tokenizer. This model gave the highest Accuracy, but 
the F1-Score of the Hierarchical LSTM model gave better 
Accuracy in each class. 

The creation of a text classification model related to 
Methamphetamine uses Twitter messages. Most of them are 
Thai grammatical errors and has many slang usage. We found 
that Lexto+ is the best tokenizer to build a model. However, it 
is not much different from other tokenizers. On the other hand, 
the best dataset to build model is a balanced dataset that 
significantly affects model performance. 

FUTURE WORK 
Future work will be on testing other drug trading platforms 

on Twitter and other platforms. To be an alternative tool for 
monitoring online drug purchases. 
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Design and Construct Logistic Robot Using Camera 
to Detect Line Combine with Lidar Sensor 

(Mecanum Wheel) 

   
    

 
                                                        

    
      

  
 

 

Abstract— The researcher has an interest with implementing 
robotics technology to solve problems using engineering 
methods to create a project that can be developed for use. Since 
the work of a family had a problem with transporting goods in 
a warehouse, the researcher had an idea to design and construct 
a logistic robot that uses a Mecanum wheel system which can 
move in many directions. The structure is designed using 
Computer Aid Design (CAD).  A motion experiment was held 
while the structure had a 40kg of load to test the movement of 
the logistic robot. Next is an experiment using the pixy camera 
to detect a black line which is the route of the robot in three 
directions, straight line, right curve and left curve to find the 
discrepancy value of movement at the x and y axis. The 
experiment includes the robot with no load, 20kg of load and 
40kg of load with the result as an increase of discrepancy value 
as the weight of load increases. At the distance of 2 meter during 
the left curve, the x axis has the most discrepancy at 0.31 meter 
and at y axis the distance of 2 meter during the right curve, the 
discrepancy was at 0.32 meter. Another experiment was to 
detect a blacking obstacle using a lidar sensor. The robot was 
able to stop before crashing into the obstacle at the test distance 
of 0.20 meter, 0.40 meter and 0.60 meter by having a small 
problem because the structure was blocking the signal of the 
sensor. Moving and adjusting the angle of the pixy camera to 
detect the line more appropriately will make the robot be able 
to move accordingly to the experiment.  

Keywords—Robot, Mecanum Wheel, Pixy Camera 

I. INTRODUCTION  
Developing technology in these days is accelerating in a 

highly manner. Most developments are able to be used and 
apply to real life situations, especially robotics technology 
which is concerned with the lifestyles of humans because 
robots make life more convenient. They help with human 
work by embellishing it with higher quality, less production 
time and reduce human labor. Based on the benefits of robotic 
technology that was mentioned, robots can be used to solve 
problems in the area of transportation. For example, using 
robot technology to control a vehicle to move on its own, 
using robot technology to transport equipment. In this way, 
the researcher agreed to study and develop a robot prototype 
that can be used for transporting goods. The robot can move 
in many directions, can use camera technology for processing 
and has a technology that protects the robot from damage. So, 
the researcher decided to develop a logistic robot that uses a 
proportional system of Mecanum wheels that has a pixy 
camera as the as the main control for movement. It will detect 
the line that is in the laid-out path by using a technique of 
processing images through detecting line module in the pixy 
camera. As for avoiding crashing, the researcher used a lidar 
sensor to protect the robot from bumping into obstacles. Lidar 

sensor is a sensor that spins 360 degrees and shooting out light 
beams to detect objects ahead. This project is to help learn to 
design and construct logistic robot by moving from detecting 
the line through the pixy camera and has a protective system 
from the lidar sensor. In the future, the robot will use ROS 
(robot operating system) to help evaluate so it can become an 
automatic robot. The benefit of this research is the application 
of knowledge of different fields that is laid out through the 
project and can be used to solve problems guided by the 
engineering design process illustrating that Thai children can 
create a fully developed innovation. 

II. OBJECTIVE 

A. Design and construct logistic robot (Mecanum Wheel) 

B. To study the motion of the logistic robot by detecting line 
using pixy camera 

C. To study the Lidar sensor to use as protection for the 
logistic robot. 

III. METHOD 

A. Design 
 Designing. The researcher divided the design into 3 

parts including structural design, control design and control 
program design.  

1) Structural Design 
 The structural design. The researcher divided the 

structure into 3 parts which are the upper structure, the central 
structure and the lower structure. As shown in figure 1 

 

 

 

 

 

 

 

 
Fig. 1. Structure of the robot. 

The upper structure has the purpose of supporting the 
weight of the equipment. The design uses 20x20 mm 
aluminum profiles to act like a support and column and is the 
structure and frame to protect the transportation robot that is 
made of acrylic. The central structure supports the base that is 
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Structure 

4. Camera and Lidar 
Sensor Structure 
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made of an acrylic plate and it locates the control module, 
sensors and voltage level conversion module to be used as a 
power source for the control unit.  The lower structure and 
frame supports another base with an acrylic sheet so that the 
motor driver, motors and batteries can be installed in a stable 
manner. As shown in figure 2. 

 
Fig. 2. Upper, central and lower structure of the robot. 

The camera and lidar sensor structure is the structure that 
helps the logistic robot detect the line and be aware of its 
surroundings. The lidar sensor is placed on a base attached to 
an aluminum profile as support and is located above the pixy 
camera. The pixy camera has a cover that is made by 3D 
printing for protection. The cover is designed with a saddle 
joint at the edge so the pixy is able to rotate 90 degrees. The 
rotation is necessary for the purpose of the camera finding the 
line in order to have movement.  As shown in figure 3. 

 
Fig. 3. Camera and Lidar Sensor Structure. 

2) Control Design 
The control design is divided into 2 sections: control 

design the proportional system of Mecanum wheels and 
control design of pixy camera and lidar sensor.  

The researcher designed the control system that consists of 
Arduino Due microcontroller board as the main control board. 
The 4 encoder sensor receives the rotation signals of the 4 
Mecanum wheels and commands the motor through the motor 
controller board, also known as, drive motor board. As shown 
in figure 4. 

 
Fig. 4. Control system of the transportation robot.   

To design the control system of the camera and lidar 
sensor, the researcher used a microcontroller board, Arduino 
Due as the main board. The lidar sensor sends the signal and 

Arduino Uno receives it. The signal is sent from Arduino Uno 
to the main board, Arduino Due. The signal from the lidar 
sensor is used as protection for the logistic robot to avoid 
crashing into obstacles ahead. The pixy camera helps the 
logistic robot move accordingly to the line. It detects if the line 
is in the middle or if the robot is off the course and sends the 
signal to Arduino Due. All the information stored in Arduino 
Due is used to determine when and how the logistic robot 
should move. See in figure 5. 

 
Fig. 5. Control design of the pixy camera and lidar sensor.   

3) Control Program Design 
Designing the control program. The researcher used 

Arduino IDE program that requires C programming language 
to instruct the drive motor to control the rotations of the gear 
motor and receiving the motor rotation value from the encoder 
sensor. To control the motors, the researcher used a pulse 
width modulation (PWM) signal to control the speed and 
direction. Programming interrupts are needed for receiving the 
values from the encoder sensors because it can keep up with 
the changes in signals from the values of encoder sensors.  

B. Action 
The researcher has applied the design of each part to create 

a workpiece to be the transportation robot as specified. The 
robot structure has the dimensions of Width x Length x 
Height, 440x580x280 millimeters. The main structure is 
assembled with parts of aluminum profiles. The base of each 
layer is made up from acrylic sheets. The Mecanum wheels of 
the propulsion system is 4 inches wide and is connect to a 12-
volt DC gear motor. The exterior is covered with a black 
acrylic frame. The motor shaft has a conveyer belt sent to the 
encoder sensor above. In the front there is a lidar sensor that 
is located on top of the pixy camera. At the back of the robot, 
there are 2 switches and 2 LED that displays the voltage of the 
battery stuck to the acrylic frame. See figure 6 

Fig. 6. Transportation robot with mecanum wheels before frame and after 
attaching a frame. 

The control unit uses Arduino Due board as its main 
processor. It makes the motor rotate by instructing the drive 
motor using PWM signal and receives the rotation signals 
from the encoder sensors. The drive motor board, and Arduino 
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Due board obtains power from 2 separate 12 volt batteries. 
The first is applied to motor driver board. The second is 
imported into a voltage converter module for Arduino Due 
control board. 

The lidar sensor in front is on top of a green base which is 
made from the 3D printer. It receives signals by spinning and 
shooting laser to see if there is an obstacle close by to protect 
the robot from crashing and then sends the signal to Arduino 
Due. The pixy camera is covered by a 3D printed frame and it 
detects the line that makes the robot moves. The signals is 
send to Arduino Uno first and then to Arduino Due to lighten 
up the evaluation process for Arduino Due. See figure 7. 

   
Fig. 7. Lidar sensor and Pixy camera. 

IV. RESULT AND DISCUSSION 
During the motion experiment of the logistic robot using 

Mecanum wheels, the researcher found that the robot can 
move with 20kg and 40kg of load without bending of the 
structure. The designed structure is able to perform according 
to plan. As for the Mecanum wheel system, the robot was able 
to move while carrying 20 and 40 kg of loads without 
problems. For the next experiment, the researcher tested the 
robot using a pixy camera to record the route of the robot’s 
movement. The researcher divided the experiment using a 
black line into 3 cases: the logistic robot’s motion in a straight 
line, right curve and left curve. In each case, the logistic robot 
has different load examples, including: no load experiment, 20 
kilograms of load and 40 kilograms of load at the distance of 
0.5 meter, 1.0 meter, 1.5 meter and 2.0 meter. To find the 
distance and movement the robot traveled on the x and y axis, 
as shown in figure 8 below. 

      
Fig. 8. Distance of the robot travelled on the x and y axis. 

The testing of the logistic robot includes: testing with a 
straight line without load, with 20kg load and 40kg load, 
testing with a right and left curve movement without load, 
with 20kg of load and with 40kg of load. The experiments 
were measured in 0.5 meters, 1.0 meters, 1.5 meters and 2.0 
meters of distance. The results of the movement of 

discrepancy on the x and y axis is shown in the graph 1 below

 
Graph. 1. Discrepancy of movement  

Graph number 1 shows the movement in a straight line, 
right curve and left curve with no load, 20kg of load and 40 
kg of load displayed by a x and y axis using a pixy camera.  

The results of the movement of the logistic robot using a 
pixy camera to detect the route in the direction of a straight 
line, right curve and left curve and measuring the movement 
at x and y axis. When the robot carries no load, 20kg of load 
and 40kg of load at the distance of 0.5 meters, 1.0 meters, 1.5 
meters and 2.0 meters, it is found that the average discrepancy 
of straight movement on the x axis is 8.83 percent and the 
average discrepancy of movement on the y axis is 6.04 
percent. The average discrepancy of a left curve movement on 
the x axis is 11.71 percent and the average discrepancy of a 
left curve movement on the y axis is 8.50 percent. The average 
discrepancy of a right curve movement on the x axis is 11.25 
percent and the average discrepancy of a right curve 
movement on the y axis is 9.00 percent. Based on the results 
on the logistic robot using a pixy camera to detect the route 
for movement, the discrepancy in the x and y axis will increase 
in proportion to the testing distance and load. The discrepancy 
of the x axis will be larger than the discrepancy of the y axis 
by at most 15.50 percent when the robot is carrying 40kg of 
load. 

The next experiment is to detect object to protect the 
logistic robot from crashing by using Lidar sensor. The 
experiment included a white rectangle object the size of 
0.20x0.20x0.40 as an obstacle located on the left side, right 
side and on top at the measured distance of 0.20 meter, 0.40 
meter and 0.60 meter. If the sensor can detect the obstacle, the 
robot will stop moving. The results can be seen in the chart 1. 

Distance 
of 

Obstacle 
(m) 

Left Side On Top Side Right Side 
Stop Doesn’t 

Stop 
Stop Doesn’t 

Stop 
Stop Doesn’t 

Stop 

0.20 ✓  ✓  ✓  
0.40 ✓  ✓  ✓  
0.60 ✓  ✓   ✓ 

Chart. 1. Result of Lidar sensor.  

Based on the results, the robot can stop before running into 
the obstacle on the top and left side but on the right side, the 
robot couldn’t detect the obstacle at the distance of 0.60 meter. 
The reason behind the error can be because the reflected signal 
of the lidar sensor is not enough for detection because the 
structure is blocking the signal of the sensor. 

V. CONCLUSION 
According to this research, it is found that the design of 

the structure still has problems. During the movement of the 
Mecanum wheeled robot, the structure vibrates when moving 
at a long distance. It is the reason why screws for the structure 
and motor gears are loosening. Thus, checking the structure 
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frequently is needed during the experiment. As for the control 
system, the power of the battery that is send to the drive motor 
decreases very fast resulting in no control of the drive motors’ 
speed. The test of detecting line for movement using the pixy 
camera had a discrepancy movement at both the x and y axis. 
The x axis had a more value of discrepancy and the most with 
40kg of load. The movement of the logistic robot using a pixy 
camera had a problem with detecting the line since the 
brightness of the light from the camera is not high enough to 
detect and the angle position causes the movement of the robot 
to not be able to move smoothly. In the obstacle detection 
experiment of the lidar sensor can be found that the detection 
on the right side at the distance of 0.60 meter had a problem 
because the structure is blocking the signal of the lidar sensor. 
Changing the position of the lidar can resolve the problem. For 
further development, the researcher will the change the system 
using control boards into ROS (Robot Operating System) so 
the system can be controlled at all times and with perfect 
accuracy. The processing of camera can also be developed 
into Depth Sensing which is suitable for use in the future.  
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Abstract—Japan is prone to natural disasters, which pose a
major threat to the safety and security of the country [1]. Shelters
will be opened to protect evacuees from such disasters. A shelter is
not only a place for physical protection, but also a place to provide
a variety of services [2]. However, during the 2011 Great East
Japan Earthquake and Tsunami, problems with the environment
and management of shelters were identified. Many of the evacuees
chose to evacuate from their homes, and issues were also raised
regarding consideration for those people [1].

Therefore, we have launched a novel information management
system COACHES (Community Oriented Approaches for Com-
prehensive Healthcare in Emergency Situations), which enables
the efficient and quality provision care and relief to the all
evacuees. The present study proposes a prototype of web service
for the COACHES.

Index Terms—Disaster support, Evacuee support, Rapid
healthcare assessment, Information sharing, Web service

I. INTRODUCTION

Japan is located in the Circum-Pacific Mobile Belt where
seismic and volcanic activities occur constantly. Although the
country covers only 0.25% of the land area on the planet,
the number of earthquakes and active volcanoes is quite
high. In addition, because of geographical, topographical and
meteorological conditions, the country is subject to frequent
natural disasters such as typhoons, torrential rains and heavy
snowfalls, as well as earthquakes and tsunami [1].

In 2011, more than 18,000 people died or went missing
due to the Great East Japan Earthquake. There is also a high
probability of the occurrence of large-scale earthquakes in the
near future including impending possibilities of Nankai Trough
Earthquake and Tokyo Inland Earthquake. As such, natural
disasters remain a menacing threat to the safety and security
of the country [1].

Shelters are established in the event of such a large scale
disaster. Shelters can be defined as a displaced neighborhood
of convenience, providing physical shelter as well as social and
medical services [2]. In fact, records show that approximately
410,000 people in Iwate, Miyagi, and Fukushima prefectures,

The work was supported by JSPS KAKENHI Grant Number JP20K11132
and the University of Kochi Strategic Research Promotion Project (R1
Theme3) given to MK.

and 470,000 people in total across Japan, lived in shelters after
the Great East Japan Earthquake [3].

However, in the Great East Japan Earthquake, there were
many problems arising during the disaster: affected people
suffered health problems; aged people were forced to stay
home because they could not adapt themselves to the evacua-
tion shelters in some cases, relief supplies were not provided
sufficiently to home evacuees in many cases; and there were
reported problems for provision of information, relief supplies,
and services for widearea evacuees who evacuated to other
prefectures or municipalities [1].

Mr. Fujita said that currently, many of the shelters have
no privacy and often have poor sanitary conditions. Under
such circumstances, the staff of the shelter need to provide
medical and health care to the evacuees. In addition, when the
damage is particularly severe and the central disaster hospitals
and mainstay medical institutions in the affected area do not
function, or are too busy, medical care in the evacuation
centers becomes important for a certain period of time [4].

In addition, the Disaster Relief Law stipulates that evacua-
tion shelters should provide food and water through cooking
and other means. For this reason, many evacuation centers
distribute relief supplies.

However, in the immediate aftermath of the disaster, because
of the chaos on the ground, there was a situation in which the
production capacity of the suppliers could not keep up with the
supply of goods due to overlapping procurement, or because
of the concentration of orders to specific suppliers [5]

In addition, many of the survivors have chosen to evacuate
from their homes instead of using the evacuation centers.
According to a survey conducted by the Cabinet Office on
the victims of the Great East Japan Earthquake, about 70% of
the respondents had not visited an evacuation center [6].

Evacuees in shelters have some level of support system in
place, including medical personnel and relief supplies, which
makes it easier for them to receive assistance. In contrast, those
who choose to evacuate at home tend not to be able to receive
adequate support [7].

In order to address these issues, the University of Kochi
School of Nursing in collaboration with the Kochi University
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of technology has launched a novel information management
system COACHES (Community Oriented Approaches for
Comprehensive Healthcare in Emergency Situations), which
enables the efficient and quality provision care and relief to
the all evacuees. The present study proposes a prototype of
web service for the COACHES, which enables a secure and
user-friendly data collection and reference in disaster settings.

COACHES collect individual healthcare data anonymously
and record them on a cloud based database. The app runs
on any personal mobile device (iPhone, iPad, Android) by
scanning locally distributed unique personal identification code
(QR code), which is the only item to identify individuals.
The system requires a strict verification process to connect its
database with any other personal information than a unique
QR code for individuals.

We expect local healthcare professionals to run this system
as volunteers and keep checking and recording people’s health
conditions. If this can be done at multiple places, COACHES
will eventually cover the entire population and provide com-
prehensive data on the database to be shared among relief
workers and the local governments.

II. RELATED RESEARCH

A related study is an ICT-based shelter management system
[8]. This system uses ICT to collect information on evacuees,
create and disseminate lists of evacuees including their relief
needs, and manage the evacuees. An electronic triage system
has also been proposed [9].

The system will use the evacuee’s own NFC cards for
personal identification, and if they don’t have one, the shelter
will distribute NFC wristbands provided by the shelter. How-
ever, under this system, when evacuees come to an evacuation
center, staffs has to go through the procedure of asking
the receptionist if they have an NFC card and handing out
wristbands to those who don’t have one. The procedure would
not be so complicated if the number of evacuees in shelters
had settled down, but immediately after a disaster occurs, the
number of evacuees in shelters is large and the situation is
chaotic, so there is a possibility that people may line up at the
reception desk. In addition, personal information, such as name
and address, is required, so consideration must be given to
those who may not feel comfortable entering this information.
Also, the results of the electronic triage are displayed by
the color of the light on the wristband with LEDs, which is
visible to other people and does not provide sufficient privacy
considerations.

III. COMMUNITY ORIENTED APPROACHES FOR
COMPREHENSIVE HEALTHCARE

The present study proposes a prototype of web service for
the novel information management system COACHES (Com-
munity Oriented Approaches for Comprehensive Healthcare
in Emergency Situations), which enables a secure and user-
friendly data collection and reference in disaster settings.

A. Flow of use

This system is intended to be used by evacuees who have
been evacuated to shelters or evacuated at home, as well
as healthcare professionals and relief workers who provide
support.

QR codes for personal identification are routinely stored
at evacuation centers, town halls, and disaster prevention
warehouses, and are distributed to evacuees at evacuation
centers and town halls in the event of a disaster. The QR codes
are distributed on wristbands and are intended to be carried at
all times.

Evacuees who get a QR code will record their health
conditions and vital signs. A healthcare professional reads
the person’s QR code within the web application and records
the results. The vital signs recorded at this time will be used
for primary triage. Evacuees will also have their QR codes
scanned when they receive meal service, bathe, receive relief
supplies, and enter and exit the shelter, and the content and
time of their visit will be recorded. Relief workers can scan the
QR code in the web app to view information about the health
condition of the evacuees and the support they have received.
At this time, the personal information of the evacuees (name,
address, etc.) is not included and is managed by IDs only, thus
protecting their privacy.

The flow of use is illustrated in Fig. 1.

Cloud

Healthcare Food Rescue

ShareRecord

Support

Relief Workers

Relief Workers

Evacuees

Fig. 1. Flow of use.

B. Features of the proposal methodology

The feature of the proposed method is that the usage
procedure is very simple and rapid. As a concrete example,
when a new evacuee arrives at a shelter, there is no need for
user registration, etc.; all they have to do is hand over a QR
code. Also, when handing out relief supplies, the staff need
only scan the QR code of the evacuees with the terminal to
hand them out smoothly. The system must be simple and rapid
to use, like the proposed method, especially in the immediate
aftermath of a disaster, because of the chaos in the field.

Another feature is the ability to make a comprehensive
decision based on a lot of information. As a concrete example,
when a healthcare professional examines a patient, he or she
can view not only the health condition and vital signs records,
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but also the records of eating and bathing, which can be used
to make decisions based on living conditions. Therefore, we
believe that a more accurate decision can be made.

C. Function overview

1) Evacuee’s information recording and viewing function:
In order to ensure efficient delivery of support, this feature
records information such as support history and health condi-
tions, which can be shared with other relief workers.

The information to be recorded is shown below.

• Health condition

– Gender
– Approximate age category
– Physical status
– Physical symptoms

• Vital signs

– Body temperature
– Pulse
– Respiratory rate
– Blood pressure (diastolic and systolic)

• Triage results
• Support history

– Meal service (Time and place)
– Receiving relief supplies (time, place, distribution

group, category (foodstuffs, daily necessities, etc.),
photos)

– Bathing (Time and place)
– Medical examination (Time, doctor in charge,

remarks)
– Legal/Welfare consultation (Time, responders,

content (e.g., moving into a hypothetical home,
inheritance issues, etc.)

• Shelter entry and exit records

A relief worker can access a evacuee’s information by
scanning the QR code that the evacuee has within the web
application. Healthcare professionals can edit health conditions
and vital signs. In addition, up to five of the most recent vital
signs, support history, and shelter entry and exit records are
available for viewing.

2) Triage support functions: It is a function that assists
health care providers in making accurate decisions about
health conditions, called triage.

From the recorded vital signs results, the triage results are
displayed on the screen according to the algorithm. These
results can be used to more accurately triage.

IV. EVALUATION EXPERIMENT

A. System implementation

The current implementation situation of the system is shown
below.

1) Health condition check screen: Fig. 2 is displayed when
the QR code of the evacuee is loaded. This is a screen that
displays the health condition of the evacuees. The information
available is triage results, gender, approximate age category,
physical status, and physical symptoms. Pressing the Vital
signs button will move to Fig. 3, and pressing the Service
Log button will move to Fig. 4.

Fig. 2. Health condition.

2) Vital signs check screen: Press the Vital signs button
on Fig. 2 to display Fig. 3. This is a screen that displays the
vital signs of the evacuees. The table at the top of the screen
shows the latest measurement results. If you scroll down the
screen, you can see the results of the last five measurements
in a graph.

3) Support history confirmation screen: Press the Service
Log button on Fig. 2 to display Fig. 4. This is a screen that
displays a history of the support received by the evacuees
and a record of their entry and exit from the shelter. The
support items are: meal service, relief supplies, bathing, shelter
entry and exit, medical examinations, and legal and welfare
consultations, which can be viewed by pressing the item you
want to see, as shown in Fig. 5.

B. Survey method

In this study, we plan to demonstrate the system to people
who have experienced the disaster and to medical workers,
and to conduct an evaluation experiment using a questionnaire
survey. The content of the questionnaire to be used in this
process is shown in TABLE I and TABLE II. Choose from five
options for your answer. The questionnaire will also include
items to be implemented in the future.

C. Expected effects

In the questionnaire survey of this study, we believe that
positive opinions about the proposed method can be obtained
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Fig. 3. Vital signs.

Fig. 4. Service Log 1.

Fig. 5. Service Log 2.

TABLE I
QUESTION ITEM (FOR PERSON WHO HAS EXPERIENCED A DISASTER)

Privacy Questions
1 Do you think your personal privacy is being taken into consideration?

Information sharing Questions
1 Would you be comfortable with relief workers

(e.g., healthcare professionals, public administration staff, counselors, etc.)
referring to the information you have entered for efficient support?

2 Would you prefer to have a limited relief workers who can see
your information?

3 Do you want to set up relief workers who can see your information?
4 Do you want to set up your information that relief workers can see?

QR codes Questions
1 Are you comfortable with wearing a QR code on your person at all times?
2 Would you be comfortable with needing to read a QR code

in the following cases?
Meal service
Bathing
Medical examination
Entry and exit of the shelter
Verification of one’s whereabouts

This proposed system Questions
1 How satisfied are you overall with this method?
2 Would you be willing to use this method in a disaster?
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TABLE II
QUESTION ITEM (FOR HEALTHCARE PROFESSIONALS)

Privacy Questions
1 Do you think your personal privacy is being taken into

consideration?
Information sharing Questions

1 The information you enter is stored in the cloud and can be viewed
at any time, do you think it useful?

2 Do you think it useful to be able to reference information from your
own smart phone or tablet?

3 Do you think it helpful to have the following information available
for reference?

Meal service
Bathing
Verification of one’s whereabouts
Medical examination history
Vital signs
Local information
Latest medical information

QR codes Questions
1 Are you comfortable with wearing a QR code on your person at

all times?
2 If there is no QR code, you will have to search for the disaster

victim’s information
by entering their names and IDs by yourself.
Do you find reading a QR code useful?

This proposed system Questions
1 How satisfied are you overall with this method?
2 Would you be willing to use this method in a disaster?

from both people who have experienced the disaster and
medical professionals. Below is a list of the benefits of using
this system, divided into two groups: evacuees and relief
workers, including healthcare workers.

• Evacuees
– A health professional can check the health condition

of a evacuees simply by reading the QR code, allow-
ing them to receive the correct treatment quickly.

– Records of relief supplies will help distinguish those
who received more supplies from those who received
less, so that everyone can receive supplies equally.

– Privacy is protected because the system identifies the
individual by ID only, so you can use the system
without registering your name, address or other per-
sonal information.

– They do not need to have a terminal equipment to
use the system, so the elderly and infants can also
use the system.

• Relief workers, including healthcare workers
– By simply scanning the QR code, the health condi-

tions of the evacuees can be checked quickly.
– Eating and bathing records as well as health condi-

tions and vital signs can be used to determine overall
health.

– A record of the distribution of relief supplies is kept
in a database, allowing us to manage the inventory of
each supply. Based on that record, we can prevent
shortages of supplies and excess inventory beyond
what is needed by procuring the few remaining

supplies and ceasing to procure the ones that are
high.

Based on the above, we believe that the proposed method
can make the activities of relief workers in disaster situations
more efficient and effective. The better quality of support will
also help the evacuees to live a more comfortable life.

V. CONCLUSION

In recent years, Japan has been hit by many natural disasters
such as earthquakes and torrential rains, each of which has
forced evacuees to evacuate to evacuation shelters or to stay
at home. The most important aspect of support for the evacuees
of a large-scale disaster is to maintain their health in the midst
of their unstable living conditions. However, in the aftermath
of the Great East Japan Earthquake in 2011, problems were
identified in the environment and management of evacuation
centers and issues related to consideration for those evacuated
from their homes, and there are a number of issues that need
to be improved in current support for the evacuees [1].

So, we have launched a novel information management
system COACHES (Community Oriented Approaches for
Comprehensive Healthcare in Emergency Situations), which
enables the efficient and quality provision care and relief to
the all evacuees. The present study proposes a prototype of
web service for the COACHES, which enables a secure and
user-friendly data collection and reference in disaster settings.

This system is designed to support relief workers in times
of disaster through the use of a web application to provide
efficient and high quality support to evacuees. In the future, we
plan to conduct an evaluation experiment using a questionnaire
survey, the details of which are also presented in this paper.
We will continue to improve the web application in preparation
for that evaluation experiment.
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Abstract—In recent years, group discussions are becoming
an important part of corporate recruitment examinations in
Japan. Developing a remote teaching support system for group
discussion will help reduce the burden of teachers. As a part of
our project, this study aims to support teachers who need effec-
tive teaching method in remote group discussions by analyzing
the video images. In this study, we used the features obtained
from the videos. Students performances in group discussion
were assessed automatically by classification, and important
features were selected for teaching from the SHapley Additive
exPlanations(SHAP) values.

Index Terms—group discussion remote teaching video anal-
ysis machine learning

I. INTRODUCTION

Recently, group discussions are a part of corporate recruit-
ment examinations in Japan [1]. Group discussions are impor-
tant because they can measure abilities such as communication
and aggressiveness that cannot be determined from documents
and interviews.

At some universities, teachers of employment teach students
in group discussions. If there is one discussion group, the
teacher can teach sufficient advices. However, it may be diffi-
cult to teach all groups when multiple groups are discussing at
the same time or when it is necessary to teach them remotely
due to the effects of coronavirus.

For these reasons, we are focusing on group discussion and
aim to realize a remote teaching support system for group
discussion. In this research plan, we aims to develop a support
system that automatically indicates to the teacher what kinds
of advice are to be given to which group without using special
devices or large equipment such as sensors. As a part of
this project, in this study, we examine whether it is possible
to estimate three grade levels: “Excellent”, “Average”, and
“Failing”, using only the features obtained from the video

images. In addition, we identify which features explain the
most important factor for evaluating discussion participants.

II. RELATED WORK

Related studies to this project focus on group discussion
and feature extraction. Aran constructs and evaluates a model
that extracts features from participants’ nonverbal behaviors
in group conversations to estimate personality [2]. This model
uses information obtained from external devices, such as
voice information, to successfully estimate with high accuracy.
In a study similar to ours situation, Muralidhar analyzed
the correlation between job interview ratings and nonverbal
characteristics [3]. This study involved one-on-one interviews
and used sensors and other devices for feature analysis. Zhang
constructs a classification model for estimating participants’
roles in group discussions during job-hunting activities by
using features such as language, speech turn, and speech
information [4]. Naim provides a framework that automatically
analyzes interview evaluations in job interviews using facial
expression, audio and verbal information [5].

Thus, there are many studies related to group discussions,
feature extraction, and classification estimation models. Many
of them use sensors and other devices [2], [4], [6]. In our
study, we do not need dedicated devices because we assume
our model being used in an actual educational situation. We
use a video of a group discussion that shows the upper body of
the participants. We identify whether features obtained from
the video images can be used to estimate the classification of
the evaluation and what the importance of features.

III. EXPERIMENTAL METHOD

A. Overview

In this experiment, we analyze the number of features such
as smiles and facial or direction obtained from videos during

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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group discussions. We then examine which features should be
focused on when evaluating the participants. We also evaluate
whether it is possible to detect participants who may need
advices, such as people who do not speak up [7].

B. Capturing group discussions

The participants of this experiment consist of eight univer-
sity students in their twenties, four males and four females.
Two groups of four people, two males and two females, are
created. Each participant has 30 minutes to discuss the theme.
The task is to present single opinions in a group. The group
discussion was captured by iPad. We thought that we could
conduct a more natural group discussion because people are
not likely to be aware that they are being captured on a tablet
more than with a video camera. Figure 1 shows a diagram of
the experiment. Figure 2 shows a part of the video taken in
the experiment.

Fig. 1. State of experiment

Fig. 2. Example video used

C. Features measurement and behaviors evaluation

A 30-minute video of the group discussion is divided into
10-second slots, and each slot is used to measure behaviors
of the participants and evaluate them as participants. In this
study, we classify the participants into “speaker” and “listener”
for each slot, and measure and evaluate each feature. These
processes are all performed manually.

In the measurement of features, we measure the features
that can be found in the video images. The correspondence
between X + numbers and the features are shown in Table
I. Feature values are shown in Table II. This feature is an
objective indicator that can be measured from video and audio.
We set 12 features (X1∼X12) for speakers and 18 features
(X1∼X10, X13∼X20) for listeners, such as “Degree of smile”.

In the evaluation as a participant, each experimental par-
ticipant is evaluated from the behaviors in Table III. This is
an evaluation of communication skills such as cooperative-
ness and consideration for others from the teacher’s point of
view. The evaluations are based on 10 behaviors for speakers
(Speaker 1∼10 in Table III) and 5 behaviors for listeners
(Listener 1∼5 in Table III), such as “The participant make an
effort to communicate to others”. We evaluate one speaker and
three listeners for each slot on a five-point scale, with 5 points
for ”Strongly Agree” and 1 point for ”Strongly Disagree” in
Table IV. A higher number indicates a higher rating.

TABLE I
FEATURES

Speaker Listener No. Features
� � X1 Degree of smile
� � X2 Duration of smile
� � X3 Duration of putting on one elbow
� � X4 Duration of putting on both elbows

� � X5 Duration of touching your face
and hair with your hands

� � X6 Duration of crossing your arms
� � X7 Duration of holding the pen in both hands
� � X8 Duration of spinning the pen
� � X9 Duration of moving hands
� � X10 The number of eye contact with listeners
� X11 Volume of speech
� X12 Duration of speaking

� X13 Horizontal direction of the face
0 degree to the speaker

� X14 Vertical direction of the face
0 degree to the speaker)

� X15 The number of nods
� X16 The number of times you tilted your face
� X17 Movement of the head when listening
� X18 Duration of taking notes

� X19 The number of times you raised your head
and looked at the speaker while taking notes

� X20 Duration of keeping your mouth closed

D. Data analysis method

In this study, we create a model that classifies the results
of recruitment tests into three levels: “Excellent”, “Average”,
and “Failing”, based on the features obtained from the videos.
First, we create a distribution map of the total values, divided
into speakers and listeners. The total value is the sum of the
scores of the feature ratings for each slot, 12 behaviors for
speakers and 18 behaviors for listeners. We create a machine
learning model that arbitrarily divides the distribution into
three stages and makes classification predictions. We use XG-
boost to create a model with 75% of the total data as training
data and 25% as testing data. We then use the SHAP values
to evaluate the importance of the features. SHAP(SHapley
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TABLE II
FEATURE VALUES

No. The meaning of the numbers
1 2 3 4 5

X1 serious expression Both corners of the mouth Both corners of the mouth Both corners of the mouth See the teeth(not smile) bring up slightly bring up a little bring up
X2 0sec 0 2sec 2 4sec 4 6sec 6sec over
X3 0sec 0 2sec 2 4sec 4 6sec 6sec over
X4 0sec 0 2sec 2 4sec 4 6sec 6sec over
X5 0sec 0 2sec 2 4sec 4 6sec 6sec over
X6 0sec 0 2sec 2 4sec 4 6sec 6sec over
X7 0sec 0 2sec 2 4sec 4 6sec 6sec over
X8 0sec 0 2sec 2 4sec 4 6sec 6sec over
X9 0sec 0 2sec 2 4sec 4 6sec 6sec over

X10 0time once twice 3times 4times over

X11 cannot hear without attention a little hard to hear ordinary a little louder clear(about daily conversation)
X12 0sec 0 2sec 2 4sec 4 6sec 6sec over
X13 More or no speaker ± 90 degrees ± 60 degrees 30 ± degrees 0 degree
X14 ± 60 degrees or no speaker ± 30 degrees 0 degree
X15 none once twice 3times 4times over
X16 none once twice 3times 4times over
X17 Not moving much Moving a little Moving Moving a lot Moving hardly
X18 0sec 0 2sec 2 4sec 4 6sec 6sec over
X19 0time once twice 3times 4times over
X20 0 2sec 2 4sec 4 6sec 6 8sec 8sec over

TABLE III
EVALUATION BEHAVIORS FOR DISCUSSION PARTICIPANTS

Behaviors

Sp
ea

ke
r

1.The participant make an effort to communicate to others.
2.The participant is logical.
3.It is easy to understand what the participant is talking about.
4.The participant is ignoring the flow of the discussion.
5.The participant speaks something to propel the discussion.
6.The participant contributes to the development of
the discussion by asking for input from others.
7.The participant is able to organize the various opinions
collectively.
8.The participant is able to revise the discussion.
9.The participant is able to create a comfortable atmosphere
to talk about, for example by making the place more relaxed.
10.The participant is dismissing opinions without thinking.

L
is

te
ne

r 1.The participant is trying to actively participate in the discussion.
2.The participant is distracted.
3.The participant is cooperative.
4.The participant is asserting their own views.
5.You feel good about the participant.

Additive exPlanations) is a game theoretic approach to explain
the output of any machine learning model [8]. The features
used in this study are not suitable for multivariate analysis
because they are highly related to each other, such as the
direction of the face, and therefore SHAP values are used.

IV. EXPERIMENTAL RESULTS

A. Classification model

The confusion matrix of the model created by XGboost is
Table V and Table VI. The horizontal axis, A, B, and C for
Predicted are the three categories predicted by the model, and
the vertical axis, A, B, and C for Actual are the actual three
categories. A is Excellent, B is Average, and C is Failing.
Thus, taking Table V as an example, the value 3 at the location

TABLE IV
THE EVALUATION METHODS IN TABLE III

The meaning of the numbers
1 Strongly Disagree
2 Disagree
3 Undecided
4 Agree
5 Strongly Agree

of Predicted A on the horizontal axis and A on the vertical
axis is the number of correct answers that machine learning
predicts to be A.

The classification reports are shown in Table VII and
Table VIII. The accuracy was 0.71 for speakers and 0.65 for
listeners, showing that the accuracy of the prediction was high.

B. Importance of features

The results of the analysis of the effect of each characteristic
on the evaluation of the participants of the group discussion
using the SHAP values are shown in Figures 3 and 4. The
larger the value of the horizontal axis, the greater the impact
on the evaluation, and the more important the feature is. The
color of each graph shows which features were affected by
each of the three levels of classification. When we look at
the colors of the classifications C (for “Failing”) and A (for
“Excellent”), there are no behaviors with many colors in either
one of the two categories. There are many behaviors that are
equal in both categories. Therefore, we can understand that
there are no features that affect only good or bad evaluations.
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TABLE V
CONFUSION MATRIX OF SPEAKERS

TABLE VI
CONFUSION MATRIX OF LISTENERS

V. DISCUSSION

A. Classification accuracy

The values of confusion matrix and accuracy in Table V
and Table VI show that the classification model created in
this study has high accuracy. This means that the model can
classify data into three levels with the same degree of accuracy
as when they are evaluated by hand. We think that there is a
possibility to automate the evaluation of group discussions by
using this model.

B. Speakers

Figure 3 shows that the X9 “Duration of moving hands” is
the feature that has the greatest influence on the speaker’s
evaluation, and behaviors such as X2 “Duration of smile”
and X1 “Degree of smile” also have an impact. The result
of this study suggests that we can detect the characteristics of
the students who are trying to convey their opinions by hand
gestures or who are laughing at other members in the group
discussion and let the teacher know this features.

On the other hand, the behaviors X7 “Duration of holding
the pen in both hands”, X4 “Duration of putting on both
elbows”, X6 “Duration of crossing your arms”, and X8 “Du-
ration of spinning the pen” had a very low impact on the
evaluation. Therefore, it can be said that low impact behaviors
do not need to be used to support teachers’ remote instruction.

TABLE VII
CLASSIFICATION REPORT OF SPEAKER

precision recall f1-score support
A 0.50 0.36 0.42 11
B 0.75 0.89 0.81 54
C 0.50 0.23 0.32 13

accuracy 0.71 78
macro avg 0.58 0.49 0.52 78

weighted avg 0.67 0.71 0.68 78

TABLE VIII
CLASSIFICATION REPORT OF LISTENER

precision recall f1-score support
A 0.90 0.75 0.82 80
B 0.51 0.63 0.57 98
C 0.67 0.60 0.63 103

accuracy 0.65 281
macro avg 0.69 0.66 0.67 281

weighted avg 0.68 0.65 0.66 281

C. Listeners

Figure 4 shows that X1 “Degree of smile”, X13 “Horizontal
direction of the face”, X2 “Duration of smile” are character-
istics that significantly affect the ratings of listeners. From
these results, we can say that characteristics such as whether
or not the listeners turn toward the speaker and nods while
listening to the speaker are important. Therefore, we think that
informing the teacher of the characteristics of the attitudes of
listeners regarding their listening attitudes can be useful as a
support for evaluation.

On the other hand, X7 “Duration of holding the pen in
both hands”, X5 “Duration of touching your face and paper
with your hands”, X6 “Duration of crossing your arms” were
found to be features with low influence on the evaluation.
These characteristics are not considered necessary to support
teachers in their instructional support.

D. Towords the realization of the support system

From this experiment, it was found that the feature values
obtained from the video images could be classified into three
levels of evaluation with high accuracy. In addition, we were
able to identify characteristics that were highly influential in
the evaluation of speakers and listeners. These evaluations and
features will be useful in supporting the teacher’s advice and
evaluation by informing the teacher of these evaluations. These
features can be automatically selected from the video images
by using hand and face detection, voice recognition, etc. Thus,
it is possible to realize automatic support by combining feature
extraction and classification estimation models. In addition,
we think that other feature behaviors should be considered.
In this study, we captured the group discussion and examined
whether it is possible to select and categorize the features that
are useful for the evaluation of the participants using only the
information obtained from the video. From the experimental
results, it was shown that the feature values obtained from
improve accuracy.
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Fig. 3. SHAP values of speakers

Fig. 4. SHAP values of listeners

VI. CONCLUSION

In this study, we captured the group discussion and ex-
amined whether it is possible to extract and categorize the
features that are useful for the evaluation of the participants
using only the information obtained from the video. From
the experimental results, it was shown that the feature values
obtained from the video images were estimated as accurately
as they were manually and that the features with a high
influence on the evaluation were identified. These results show
that features obtained from video are useful in realizing a
system that automatically supports teachers’ instruction for
group discussions.

In this paper, we have focused on group discussions among
university students, but in the future, further studies are
required with more data and in other situation.
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Abstract—Hospital Logistics deals with effective and efficient 
ways to transport items in hospitals. Autonomous Mobile Robot 
(AMR) is one of the most widely used automated systems to 
improve the transportation process. In this research, AMRs are 
used for delivering food and medical supplies to individual 
patients. Especially in COVID-19 pandemic situation, AMRs 
are important tools for keeping physical distance between 
patients and health workers to prevent infection. In this 
research, the AMR is equipped with Internet of Things (IoT) 
module which can be connected to the IoT platform on the 
server side.  As a result, the health workers are able to monitor 
can control the robots effectively via a web application. 

Keywords—Autonomous Mobile Robot, Internet of Things, 
Hospital Logistics 

I. INTRODUCTION 

A. Autonomous mobile robots in COVID-19 situation 
 Logistics management in hospital deals with effective and 
efficient ways to transportation of various items, e.g. food, 
medicine, medical devices, clothes and etc. in a hospital [1]. 
Most of the transportation processes are still performed 
manually by health workers these days. In most cases, the 
health workers need to deal with heavy items, for example 100 
- 200 kg food cart. This can be difficult be handled by a single 
person and result in a serious problem in long term. Robotics 
and automation technology can be concerned one of the 
possible solutions to improve the transportation process. Not 
only performance but workplace safety is also improved by 
using this technology. In addition, the concern about safety 
issue has arisen significantly during the pandemic situation.   

 Autonomous Mobile Robot (AMR) is concerned one of 
the solutions for improving logistic system. AMRs are used to 
automatically transport items between particular locations. 
They are widely used in industry for decades and started to 
apply in other working environments, including hospitals [2], 
[3] During pandemic situation, COVID-19, implementation of 
AMRs in hospital is not only for improving work efficiency 
but also for the infection control purpose. Direct contact 
between health workers and patients should be minimized in 
order to reduce the risk of infection. Therefore, the new way 
of communication and interaction between patients and health 
workers must be considered. To avoid the direct contact, 
mobile robots are used to interact with patients while the 
health workers can operate them remotely from outside the 
contamination area. AMRs have been applied in many of these 
cases, e.g. tele-medicine, items delivery, UVC disinfection, 
and etc.[4].  

B. Remote monitoring and control 
In pandemic situation, COVID-19, dedicated patients 

wards are set up with infection control protocol. The robots 
operating in these wards need to be treated carefully in order 
to prevent the contamination with environment. In practice, a 
special cleaning protocol and disinfection are required for the 
robots. Remote operation is also required for service and 
maintenances.  

In this research, an AMR system, named “CARVER” [5], 
is developed for transporting items in hospitals. The AMR is 
equipped with a special designed food storage for bulk 
delivery to particular patients in COVID-19 wards. For item 
dispensing, in this case, the system is designed in the way that 
the patients are allowed to take their personal items from their 
particular slots on the storage by themselves. The safety and 
security have become a serious concerned when the items are 
food or medicine. Therefore, the system must be able to 
prevent the dispensing mistake by using locking mechanism 
for each slot. However, according to the current hospital 
safety protocol, the health workers need to be able to control 
and monitor the system, regardless. As a result, Internet of 
Things (IoT) platform is implemented on the system to enable 
the ability to control and monitor the AMR and related 
activities remotely. 

 

 

Fig. 1.  Main components of Carver-Cap robot [5]  

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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This article is organized as follows: IoT in hospitals, 
cloud service, and communication system are reviewed in 
Section II. Methodology for system development is described 
in Section III. Detailed implementation of IoT platform with 
AMRs is explained in Section IV. Results are in Section V. 
Conclusion and discussion are in Section VI. 

II. LITERATURE REVIEW 

A. Internet of Things for Hospital Service Robot 
IoT is related to the system that integrates between many 

things – e.g. sensors, device, actuator, decision process, 
people, technology – where the related information can be 
transferred via network. The IoT platform allows the users to 
easily access the system and real-time monitor their devices. 
In hospitals, Medical-IoT (M-IoT) platform allows the health 
workers, namely doctors and nurses, to interact with patients’ 
information more effectively.  

A number of research works are presented recently. [6] 
proposed an IoT platform which is a web / mobile application 
for on-line monitoring anesthesia with cloud-based network. 
[7] proposed IoT system deployed in hospitals for various 
application and supports Lo-Ra, Wi-Fi, and etc. This system 
uploads the data to the cloud service from devices - such as 
electrocardiogram (ECG) detection, environmental monitor, 
and people flow statistics - and then feeds back to the user in 
real-time via user interface. [8] proposed prototype of IoT 
Based remote health monitoring system for patients. This 
prototype monitoring three health sensors: heart pulse sensor, 
body temperature sensor and galvanic skin response sensor. 
The sensor data can be uploaded to the cloud storage and 
updated in real-time database. The system allows the doctors 
to monitor patients via android application. [9] developed an 
on-bed monitoring and alarming system for detecting 
abnormal activities of patients while being on bed. The 
information is sent to the caretaker’s mobile device and a 
control panel at nurse station via an IoT platform. 

In this research, IoT platform is presented in 4 parts: 
hardware, network, IoT cloud service, and application.  

B. Cloud Service for robotics 
Recently, IoT cloud platforms are generally provided as a 

service by many companies. The key service providers in the 
market are Microsoft Azure, Amazon Web Services (AWS), 
and Google Cloud. [10] reviewed IoT cloud platform vendors 
using the constraints of hubs, analytics, and security. [11] 
surveyed on various cloud services used in an integration with 
IoT and studied about cloud computing for data management, 
storage, and analysis. [12] did a comparison between three 
aforementioned cloud platforms in regard to the cost analysis 
on different of load and performance. 

In this research, the AMR monitoring and control platform 
is developed on Cloud. AWS and AZURE servers are selected 
based on cost, performance, and ease of use.  

C. System communication 
In this section, communication protocols of IoT used are 

reviewed. Nowadays, a number of protocols are available for 
development, including MQTT, CoAP, XMPP, RESTFUL 
Services, 6LoWAN, RPL, and etc. [13] reviewed of IoT 
protocols used for data transfer between cloud service and a 
large number of connected IoT devices. [14] presented an 

insight review on various protocols applied at different layers 
of IoT protocols, such as CoAP, MQTT, AMQP, and XMPP. 
The efficacy and reliability of these protocols are analyzed.  

In this research, the system allows the users to control and 
monitor AMRs from anywhere via the client web application. 
To enable these functions, real-time data transfer between 
AMRs and cloud server is required. MQTT protocol is 
selected to be used in CARVER platform.  

III. METHODOLOGY 

A. Study of hospital procedures and functions requirements 
CARVER platform is used for logistics related process in 

hospitals, so that most of the users are health workers. The 
survey on the function requirements was done with the health 
workers who are in-charge of this service. 

The original transportation procedures of food and 
medicines to patients are observed and studied. The service 
schedule is assigned to each patient according to the 
treatment recommendation. Food and medicine are served 
correctly for individual patients at specific time and location. 
Patient’s identity - i.e. name, surname, date of birth must be 
verified every time by the officers according to hospital 
safety protocols. Originally, the information sheets are 
carried by the officer (in this case, a nurse) at all times during 
the service. In this project, the sheets are converted to be a 
CSV file and the data will be imported to the system. 
Therefore, the AMRs can operate accurately according to the 
assigned schedule.  

In regard to modes of control, “manual” and “automatic”, 
the AMRs automatically operate throughout the hospital 
floors in general. However, the robots need to be able to 
controlled manually in certain situations due to the safety 
issues. From the distance, the users need to be able to monitor 
real-time position of the robots on the map and control the 
robot to move between assigned target positions. The concept 
of tele-operation is applied in this case. In regard to User 
Experience / User Interface (UX/UI), alarm and descriptions 
are required to inform on the system. Words and symbols on 
the UI must be clear and easy to understand.  

In summary, the requirements are pointed out in 4 
categories (a) automatic and manual modes, (b) Traceability 
of robots’ positions, (c) CSV for service scheduling, and (d) 
proper UX/UI on graphical user interface (GUI). 

B. Conceptual Design 
From the requirements explained in the previous section, 

the system is designed for the user to control the AMRs with 
various devices, such as smartphones, tablets and computers. 
The system is designed according to the following functions: 

• Able to input the information by using CSV file; 
• Able to control robot’s position control; 
• Able to add new location points easily; 
• Able to monitor the state and status of the robot; 
• Able to perform the tasks according to the user 

assigned schedule; and, 
• Having procedure for safely dispensing and storing 

the items for individual patients. 

 



263

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

IV. IMPLEMENTATION 

A. System Architecture 
The system architecture is consist of 3 parts frontend, 

backend, and robot (see Fig. 3).  

 
Fig. 4. System overview of Carver platform web application 

The platform is running reliably on cloud service on AWS 
and AZURE server. The platform is a hybrid structure control 
with the global manager to schedule the task of the robot and 
local state machines to perform local tasks. Users can control 
the robot via the web application (frontend) with multiple 
devices such as mobile phones, tablets, and laptops. The 
frontend uses HTTP protocol to communicate between the 
server by GET/POST method. The backend consists of the 
cloud service: MQTT broker, Web App Service, and 
DynamoDB. On each robot, Robot Operation System (ROS) 
is running on the middle control layer of the robot to control 
the operation and to communicate with MQTT Broker. 

As shown in a system diagram in Fig. 2, the system is 
divided into 2 main sections: AMR and Cloud service with 
web application. 

 (a) AMR section is an integration of sensors and actuators 
layer, controllers’ layer, and Network layer. The details of 
each layer is as follows:  

On the sensor layer: the components consists of an 
industrial grade Lidar SICK TiM-781s and RP Lidar A1 for 
front and rear side, bumper sensor in front and rear side.  

On the controller layer, the components consists of a 
Brushless DC motor driver interfacing with RS232 bus. A 
programmable logic controller (PLC) is used for low level 
control interfacing with RS232 bus. The main controller is 
programmed with ROS under UBUNTU 18.04 LTS running 
on an Intel NUC i7-8559U with 8 GB RAM. 

On the network layer, the components consists of an 
access point to receive Wi-Fi signal and 4G LTE router to 
receive 4G signal. A network switch MikroTik is used to 
manage the internet signal between Wi-Fi and 4G LTE. In 
general, the main network is operated on Wi-Fi signal. It will 
switch to 4G while the Wi-Fi fails.  

(b) Cloud service with web application section operates 
running a backend program on AZURE web application 
service and interfaces with AWS API, for example AWS 
DynamoDB, AWS Cognito, AWS IoT and S3. 

For multiple robots operation (Fig. 5) CARVER can be 
connected to each other via server. User can control robots 
via the GUI on the web application. This connectivity uses 
intermediary server to transfer data. The data is transferred to 
the server and then to robots. 

 
Fig. 5. System diagram on multiple AMR robot 

Fig. 1. System diagram on CARVER and Cloud service side 



264

iSAI-NLP-AIoT2020 - This proceedings MUST be used with the certificate of presentation

B. CARVER-Cab 
CARVER-Cab is an AMR designed for bulk delivery of 

items (i.e. food, medicine, and medical supplies) to patients 
with safety and personal authentication (see Fig. 1). The robot 
is running on ROS with state machine. It is able to fully 
navigate in specific areas with known map by using multiple 
sensors for safety and obstacle avoidance (Fig. 1). The items 
are stored in the storage with 18-slot lockers with light status 
display in front of each slot. The communication node is 
developed to communicate between robot and server with 
AWS IoT service. This node is streaming all sensor data and 
robot status to server. 

C. Frontend GUI 
Web application of the system consists of five main parts:  

(a) Dashboard is a collection of the data to visualize and 
monitoring the robot (see Fig. 5), such as %CPU, %RAM, 
robot state and current position of robot. User can drag and 
drop the pointer to easily set target positions. 

(b) Import scheduling is a function to set the schedule of 
the robot to move to target locations (e.g. patient beds, 
charging station, and etc.) at specific time. The schedule can 
be imported from a CSV file (see data format, Fig. 7) where 
the data is exported from Hospital Information System (HIS). 
CSV is converted to JSON format and sent to the robot. User 
is able to change the schedule on the fly in web application.  

(c) Matching Tray is a function helping the users 
matching the items to be stored in each specific slot with a 
specific patient. The status light at the specific slot will be 
shown according to the selected patient’s name. Therefore, 
this function can prevent the mistake in the process of storing 
personal items. The users can check and verify it in web 
application.  

(d) Manual control can be used to move the AMR to 
specific position manually by using a virtual joystick in the 
web application. This function is crucial during emergency.   

(e) Map configuration is function for adding / removing / 
editing the location on the fly. The location point consists of 
position along x-axis, y-axis, heading, and name.  

D. Backend 
The backend side is developed on FLASK Micro Web 

Framework. The main function of server is to bridge between 
client and robot. The server is connecting the cloud service. 

(a) Database: AWS DynamoDB is used as the database. 
is used Key-value is used to access data in NoSQL. 

(b) MQTT Broker: AWS IoT is one of services on AWS 
service providing multi-layer protocol with encryption data. 
MQTT protocol is the lightweight messaging protocol design 
for IoT device with low bandwidth and high latency.  

 
Fig. 7. Example CSV file for input 

V. EXPERIMENT & DISCUSSION 

A. Testing and results 
Several logistic services are implemented in this platform. 

The system is tested by using web application and cloud 
service. The test was initially conducted in lab environment. 
Robot home, a charging station, and 18 mock-up patient beds 
were setup over the approximately 100 m2 space. The space 
had full coverage of Wi-Fi signal. In this test, only one AMR 
was used at a time.  

From the result, the health worker can control an AMR in 
the delivery process with scheduling task. The state machine 
of this system is expanded in Fig. 6 for better understanding. 
First, the health worker imports the schedule and sends it to 
the server. The server processes the task, sends the command 
to the AMR with MQTT broker, and logs to the database. The 

Fig. 6. Example page of Carver platform web application [5] 
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AMR receives the command and do the local state machine. 
Then, the AMR sends the robot properties and robot state to 
the server with MQTT broker. The server receives a feedback 
from the AMR and then saves it to the database. 

The health worker can visualize the AMR on dashboard, 
where an example is shown in Fig. 9. The dashboard shows 
the start position, current position, and target position of 
current task. While the robot is moving to the target position, 
the AMR will update the current position and robot status 
(e.g. Position X, Position Y, header) which will be displayed 
on the dashboard. The bed locations are predefined on the 
map as the labels of bed number displayed on the dashboard.  

 
Fig. 9 Mapping in GUI shown about path and target point of navigation. 

B. Discussion 
The AMR was able to completed all assigned target 

positions which are located along 40 m path within around 5 
mins. Minor signal lost was occurred but the AMR was able 
to carried out the operation safely. The result of the testing 
presents that the platform is able to control and monitor the 
operation effectively. There are three issues needed to be 
discussed and improved. 

 

Input Scheduling: In this platform, the user can input 
scheduling by importing a CSV file to platform. If the 
schedule can be taken from hospital information service 
directly, it will be more convenient and faster. However, 
access permission of HIS from hospitals is required.  

Alarm and Error Code: If the robot found unusual 
situations the platform must send alarm message to the user 
in real-time. An example of an unusual situation is low 
battery, obstacle detection, timeout in schedule task, the robot 
collides with obstacle, the emergency is pressed, and etc. This 
function must be reliable as they are safety related issues. 

The connection has been lost: When the robot moves to a 
position there is no Wi-Fi signal. The robot must switch the 
network to others source such as 3G/4G signal. This function 
must be reliable according to the AMR safety protocol about 
controllability and traceability.  

VI. CONCLUSION  
Hospital Logistics deals with effective and efficient ways 

to transport items in hospitals. AMR is one of the most widely 
used solution for the internal transportation in hospitals. In 
this research, AMRs are used in a COVID-19 in-patient ward 
for items delivery service. Another important main purpose 
is to keep physical distance between patients and health 
workers. To enable remote monitoring and controlling the 
system, an IoT platform is developed.  

Eventually, the AMRs can be successfully controlled via 
a web application with cloud service. This application can 
control the robot in autonomous scheduling task and tele-
operation in manual control mode.  

For future work, CARVER platform will be implemented 
in a number of hospitals for the field study and experiment. 
The performance and capability in regard to engineering 
issues will be improved and aimed for fully automatic 
operation in the future. 

 
 

 

Fig. 2  The state machine of the system 
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Abstract—Japanese medical education has been focused on
improving clinical skills lately. In clinical training, there are many
training such as medical interview, palpation, and auscultation.
However, assessment points of these training are not quantified.
Therefore, it is difficult for a trainer to check clinical skills
and attitudes of student doctors objectively. Auscultation is a
fundamental skill, but it is difficult to assess objectively and,
therefore, difficult to give appropriate feedback. In this paper,
we proposed an evaluation method for auscultation pressure
using a pressure sensor for a purpose of supporting auscultation
training, which is one kind of clinical training. In addition, we
implemented a prototype system, and collected pressure values
during an actual doctor’s examination. Moreover, We discussed
feature extraction method for supporting auscultation training
from the collected data. Furthermore, we described that the
proposed method is useful as one of ways for supporting the
auscultation training.

Index Terms—Pressure sensor, Supporting auscultation train-
ing, Medical education, Clinical training

I. INTRODUCTION

Japanese medical education has been focused on improving
clinical skills lately. Until then, Japanese medical education
could not acquire practical knowledge and skills compared
with that of the United States [1]. ECFMG announced in 2010
that only student doctors who got approval by WFME will be
able to receive medical education in the United States from
2023 [2]. The number of Japanese clinical training has in-
creased from 2005 due to the announcement [3]. Furthermore,
Japan Accreditation Council for Medical Education(JACME)
was established, and Japanese medical education was certified
as an international standard organization in 2017 [4]. In
addition, Japanese medical education has been changing from
a traditional learning process type to an outcome-based type
that focuses on what skills have been acquired [5]. Besides,
a student doctor must take Post-Clinical Clerkship Objective
Structured Clinical Examination(Post-CC OSCE) before grad-
uating their university from 2020 in order to test a degree
of acquisition of their clinical skills [6]. On the other hand,
resources such as humans for assessment are required in order
to operate the medical education system [7]. Therefore, in the
future, the system will require more effective and efficient
training and assessment in order to acquire clinical skills.

In clinical training, a student doctor takes many kinds of
practical training such as medical interview, palpation, and

auscultation. Additionally, a trainer has to check their skills
and attitudes, and give them feedback. In a medical interview,
a student doctor asks patients detailed questions about their
symptoms. We proposed a support system wherein they check
each other in groups what an interviewer asked a patient
[8]. By contrast, in the case of palpation or auscultation
training which need to move their body, an assessment of
these training has qualitative topics such as “slowly” and
“slightly” [9]. It is supported by Common Achievement Tests
Organization(CATO). Hence, a trainer can not objectively
check these training and medical education will require a
system to check it equally in the future.

In particular, auscultation is a fundamental skill. Still, it is
difficult for the trainer to know whether the student or resident
is handling the stethoscope correctly and hearing sounds that
should not be missed.

In this paper, we propose an evaluation method for aus-
cultation pressure using a pressure sensor for a purpose of
supporting auscultation training, which is one kind of clinical
training. We implemented a prototype system based on the
proposed method, and collected pressure values during patient
auscultation. In addition, the proposed method extracts four
features of auscultation skill from the collected data. Finally,
we discuss the feature extraction method based on the col-
lected data and hearing, and describe the usefulness of the
proposed method for supporting auscultation training.

II. AUSCULTATION

A. How to use a stethoscope

Fig. 1 shows a stethoscope. We used the Littman-type two-
sided stethoscope, which many clinicians use in Japan. The
membrane side is used to listen to high frequency sounds
of the patient’s body, while the bell side is used to listen to
low frequency sounds. Next, Fig. 2 shows how to hold each
side. You grip the bell of the stethoscope when you use the
membrane side. On the other hand, if you use the bell side, you
pick the base of the stethoscope. In addition, the stethoscope
can rotate the base of its upper 180 degree, you auscultate by
switching between the two side.

978-0-7381-3068-2/20/$31.00 ©2020 IEEE
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Fig. 1. Example of a stethoscope.

Fig. 2. Right way to hold a stethoscope.

B. Assessment of auscultation training

In particular, auscultation is a fundamental skill. Still, it is
difficult for the trainer to know whether the student or resident
is handling the stethoscope correctly and hearing sounds that
should not be missed. Therefore, the trainer has to figure
out from only the appearance of the training. According to
assessment topics published by CATO, the assessment said
“The bell side crimps the chest wall lightly as cover it lightly,
the membrane side presses it firmly for auscultation” [9].
However, the trainer can not check objectively based on the
assessment. In other words, the assessment is difficult to
quantify. Hence, a method is required for the trainer to check
equally whether or not the student doctor was able to listen to
the patient’s body sounds.

III. RELATEDWORKS

A. Collecting activity data using sensors

As one example of works that collect movements of the
human body using sensors, there are studies that recognize
skill levels of swing forms in baseball, tennis, and golf [10]–
[12]. In addition, there is also a study in which attach a sensor
to the palm to support palpation training [13]. On the other
hand, the stethoscope is small and consists of only the parts

you need to listen to the patient’s body sounds. Therefore,
the area in which the sensor can be attached is much smaller
than that of these studies. Besides, due to the stethoscope used
by gripping it, it is very difficult to attach the sensor without
affecting the auscultation.

B. Feature extraction of skills from sensors

We had been studying a support system on nursing training
using sensors. In this study, we analyzed a nursing action in
which a nursing trainee changed body position from accel-
eration sensors attached to the body of them as an example.
This study extracted features such as finesse while lifting the
patient and stability while carrying the patient in a wheelchair.
In addition, we showed that the features could distinguish
the nursing action by achievement level of their skill [14].
Besides, we analyzed the palpation pressure of a nursing
trainer and trainee from pressure sensors attached on their
hands in palpation training. Moreover, we showed that we
could distinguish whether the palpation is based on a model
of a textbook from palpation pressure values [13]. Thus, we
believe that education can be more efficient than before by
sensing body and hand movements of specialized skills, and
analyzing these sensor data.

IV. A METHOD FOR EVALUATING AUSCULTATION USING
PRESSURE SENSOR

The proposed method collects auscultation pressure data
using pressure sensors and extracts features for the purpose
of supporting auscultation skill training. The method consists
of two methods. The first method describes collecting the data
by attaching the sensors to the stethoscope. Next, the second
method describes extracting features of auscultation skill from
the collected data.

A. The method for collecting pressure data of auscultation
using sensor

The method attaches the sensors to the stethoscope, and
collects pressure values of membrane side and the bell side
while the auscultation. However, the stethoscope is small and
consists of only the parts you need to listen to the patient’s
body sounds. For this reason, it is very difficult to attach the
sensor directly to the stethoscope. Therefore, the method uses
an attachment which plays the role of fixed. Fig. 3 shows the
position where the sensors are attached to the stethoscope. In
addition, the sensing part of sensors can be attached to the
bottom ring(α) or attachment(β) of the two side.

B. The method for extracting features from auscultation pres-
sure data

This method extracts the features of auscultation skills from
the collected pressure values for supporting the auscultation
training. The method has four features for evaluating the
auscultation pressure. Fig. 4 shows an overview of how to
calculate each feature. The calculation method is described in
the following.

• Auscultation press count N
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Fig. 3. Position to attach the sensor to the stethoscope.

Fig. 4. An overview of how to calculate each feature.

The t-th pressure value is defined as P (t), where t is an
integer. In addition, the mean value from the 1st to the
t-th is defined as M(T )(1).

M(T ) =
1

T

T∑

i=0

P (t) (1)

The data number at the k-th time when P (t) is over M(t)
is defined as B(k). Furthermore, the data number at the
k-th time when P (t) is below M(t) is defined as E(k).
However, it is defined that P (t) is over M(t) only if 1
second or more has passed from B(k) to E(k), and it is
called “Press-Down”. In addition, the number of Press-
Down is defined as N .

• Mean interval for Press-Down IM
The passed time from B(k + 1) to E(k) is defined as
I(k)(2). Moreover, The mean interval time for all I(k)
of Press-Down is defined as IM (3).

I(k) = B(k + 1)− E(k) (2)

IM =
1

n− 1

n−1∑

k=1

I(k) (3)

• Mean keeping time for Press-Down KM
The keeping time of the force of k-th Press-Down is
defined as K(k)(4). Furthermore, The mean keeping time
for all K(k) of Press-Down is defined as KM (5).

K(k) = E(k)−B(k) (4)

KM =
1

n

n∑

k=1

K(k) (5)

• Level of keeping force PVM
The mean pressure value at the k-th Press-Down is
defined as PM(k)(6). Moreover, the variance value of
force at the k-th Press-Down is defined as PV (k)(7).
Furthermore, the mean variance value at all PM(k) of
Press-Down is defined as PVM (8).

PM(k) =
1

K(k)

E(k)−1∑

t=B(k)

P (t) (6)

PV (k) =
1

K(k)

E(k)−1∑

t=B(k)

(PM(k)− P (t))2 (7)

PVM =
1

n

n∑

k=1

PV (k) (8)

V. EXPERIMENT

A. Prototype system

Fig. 5 shows a prototype system implemented based on the
proposed method. The system consists of four components,
two pressure sensors(ALPHA-MF01-N-221-A04), Arduino,
attachment and Mac. Each sensor measures each pressure
value when the membrane side and the bell side touch the
patient’s body. In addition, each sensor can be attached to
both positions α and β in Fig. 3. Moreover, five square
papers with a side of 5mm was placed in the center of each
sensor for easy sensing. Next, The attachment was used to fix
the sensors and the stethoscope. In addition, it was made of
drawing paper and the inside was filled with clay. Moreover, it
has circular space in the center of it in order to insert the tube
of the stethoscope. Furthermore, the height of it was different
between the left side and right side of it due to the membrane
side and the bell side has different diameters. Additionally, it
was fixed to the top of the stethoscope with a wire. Finally,
The sensor data measured by each sensor was sent from the
Arduino to the Mac via the USB cable.

B. Measurement experiment

Auscultation pressure data were collected using the pro-
totype system. The sensor was fixed at Position β in Fig.
3. An expert doctor in internal medicine participated in the
research participant as a role of conducting auscultation. The
participant auscultated the patient’s heart using the prototype
system during the actual doctor’s examination. In addition,
oral informed consent was obtained from all the participants.
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Fig. 5. Prototype system.

Moreover, a video during the experiment was recorded. After
the examination, some interviews were conducted with the
participant.

C. Results

Fig. 6 and Fig. 7 show sample data A and B for two aus-
cultation sessions collected using membrane type. In addition,
Fig. 8 shows the data collected using bell type.

Fig. 6. Sample data of Membrane side (A).

Fig. 7. Sample data of Membrane side (B).

Fig. 8. Sample data of Bell side.

VI. DISCUSSION

A. The collecting data method

From Fig. 6 and Fig. 7, both values of PM(k) of graphs A
and B are significantly different. In addition, the participant
said while looking at about 8 to 10 seconds in graph A in Fig.
6, “I put my stethoscope on the patient’s bone, and released
it from here promptly because I could not listen to their
heart sound”. In other words, regardless of your skill level,
this fact shows the range of values which can be collected
with the system is affected heavily by the patient’s body
type such as fatness and rib float degree. On the other hand,
in the case of palpation, the absolute values can be used
relative evaluation directly since hand pressure is collected.
In addition, as described in section 3.1, in the palpation, a
collecting system can attach a sensor to the palm, hence the
range in which the sensor can be attached is wide. In contrast,
the stethoscope is small and should attach the sensor without
affecting the normal auscultation. Hence, for these reasons,
auscultation is more difficult to collect data than palpation. In
addition, the sensor was attached to the positionα in Fig. 3 of
both side, and the participant used it for trial. After the trial, the
participant said, “I could not listen to the sound when I put the
bell side on the patient’s body”. Interfering with auscultation
is a serious issue for the expert doctor who needs to identify
the micro sounds of the patient’s body. We deduce that the
bell side has a spherical hole, and it is an important part for
listening. Moreover, checking the video of the experiment, we
confirmed that the sensor attached to the attachment often did
not touch the patient’s body. The membrane side has a large
diameter, and the attachment may not be likely to touch the
patient’s body. Hence, we concluded that it is optimal to attach
the sensor to the position of α (in Fig. 3)for the membrane
side and the position of β (in Fig. 3) for the bell side.

B. The Features extraction method

From Fig. 7 and Fig. 8, I(k) is very short in graphs of
both side. Checking the video of the experiment, we confirmed
that the time from the stethoscope was released until it was
pressed was very short. We inferred that this is proof that the
expert doctor knows where to listen to next. In addition, the
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participant said, “many student doctors take time until they put
the stethoscope on the patient’s body, this makes the patients
uneasiness”. In other words, we inferred I(k) is an index to
show the skill of the expert doctor. Therefore, we inferred IM
is useful as the feature for evaluating achievement level.

In addition, the participant said, “one Press-Down may take
time to listen to the sound. However, it is not good to be
too long”. Therefore, we assumed that the system would be
useful for the teaching by calculating the KM and grasping
it of student doctor’s auscultation instead.

Furthermore, we also proposed the number of Press-
Down(N ) as the feature. However, the participant said, “Opti-
mal N depends on the patient’s symptoms”. Therefore, we
deduced that N can be used as an index of achievement
level when conducting an auscultation exercise with simulated
patients who have the same symptoms.

Moreover, as described in section 6.1, PM(k) was signifi-
cantly different depending on the patient’s body. Additionally,
the maximum value of Press-Down may be likely to increase
momentarily owing to the where the stethoscope is put. There-
fore, it is unsuitable as a feature. However, the PV (k) is small,
and it can be seen that the stethoscope is kept with the same
constant force during Press-Down. In other words, the expert
doctor may keep their force intendedly. Therefore, we inferred
PVM is useful as the feature for evaluating achievement level.

The four features of the proposed method can be calculated
from the collected data. In addition, as mentioned above, we
inferred that auscultation can distinguish the skill level of
student doctors by the features. Therefore, we believe that the
method will be able to support auscultation training if the
method can evaluate auscultation’s skills of student doctors.

Furthermore, the participant said, “During the training, I do
not know much if the auscultation skill of the student doctor
is good from the side of them. After auscultation, I ask what
you heard and check if it is the same as I heard the sounds”. In
other words, the expert doctor does not know the specific tips
to focus on and makes a subjective assessment. On the other
hand, in the case of nursing training support, it was easier to
distinguish between nursing trainees who had finesse even if
than auscultation training. Therefore, the proposed method is
useful as one of the ways for objective evaluation of skills that
are difficult to evaluate with human eyes.

C. Usefulness of the proposed method for supporting auscul-
tation training

In the clinical training, the student doctors train in various
departments of hospitals in order. Therefore, the term for
learning each training content is short. Even so, the timing
when the student doctor can train the contents depends on the
patient’s condition and symptoms. Therefore, it means that the
student doctors are waiting for a long time to get an oppor-
tunity that they can train. Because, the medical department
must emphasize the patient’s life over efficiency. However,
medical education has focused on clinical training recently,
and more efficient and effective training will be needed in
the future. Therefore, by applying the proposed method to the

scene of the auscultation training, the auscultation pressure of
student doctors can be automatically collected and the features
of skills can be calculated. Besides, the system distinguishes
the student doctor who needs warning and notifies the trainer
for the student information. Therefore, we believed that the
student doctors can receive teaching then and there, and obtain
more learning opportunities efficiently. Besides, we believe
that medical education will be able to realize more effective
training.

VII. CONCLUSION

In this paper, we proposed the evaluation method of auscul-
tation pressure using a pressure sensor. Auscultation pressure
was collected by attaching sensors to membrane side and bell
side of a stethoscope. Moreover, we described the extracting
method of auscultation skill features from the collected data.

Clinical training has been conducted in many training such
as medical interview, palpation, and auscultation. In particu-
lar, auscultation is a fundamental skill, but it is difficult to
assess objectively and, therefore, difficult to give appropriate
feedback.

Using the proposed method, auscultation pressure can be
collected as numerical values. Moreover, a trainer can teach
and evaluate a training objectively based on the features
extracted from the collected data. Besides, a student doctor
can obtain more learning opportunities efficiently thanks to the
system notifying a trainer for student information that needs
warning.

In the future, we will collect data of student doctors using
the implemented system. Moreover, we will evaluate the
feature extraction method, and consider a way to support
auscultation training.
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