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Welcome Message 

 

Dear Friends and Colleagues, 

 

Welcome to ICMT 2022 (International Conference on Mechatronics 

Technology). Since ICMT 1996 in the USA, this conference has been 

successfully held annually in at least 13 countries for over 20 years. 

Taiwan has been the host of ICMT before in northern Taiwan, and it is our 

great pleasure to be organizing this exciting conference again in Southern 

Taiwan. Many researchers are expected to join ICMT 2022 and participate 

in many inspiring and fruitful discussions. 

 

We hope you can join us for this year’s ICMT conference where, once a 

year, we can get together as old friends, and find a great opportunity to 

make new ones. I hope everyone will spend invaluable time during this 

conference, making the best out of it for their future research. 

 

Sincerely yours, 

 

 

 

 

 

General Chair of ICMT 2022 

Prof. Ker-Wei Yu 
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I. General Information 

History 
The ICMT is an annual international conference on mechatronics technology that has 
been successfully held for 20 years. ICMT offers a forum to discuss state-of-the-art 
technologies and emerging application trends and provides great opportunities for 
professional interactions and networking in a friendly and hospitable setting. The first 
ICMT was convened in Santa Clara, USA, in 1996, and subsequently in Yokohama, 
Hsinchu, Pusan, Singapore, Kitakyushu, Taiwan, Hanoi, Kuala Lumpur, Mexico City, 
Ulsan, Sudbury, Cebu City, Osaka Melbourne, Tianjin, Jeju Island, Taipei, Tokyo, 
Dalian, Hochiminh City, Seogwipo, Salerno, Singapore and now at Kaohsiung again. 
The objective of ICMT is to facilitate close dialogues, networking and collaborations 
among experts on issues related to research and technological development in 
mechatronics, as well as in human resource development and education. 
 
Scope 
The 25th International Conference on Mechatronics Technology (ICMT20222) covers 
the following topics: 
 Advanced Mechatronics Devices, Sensing and Control 
 Smart Actuators and Materials 
 Precision Measuring Technology 
 Internet of Things, Internet based Manufacturing, AI, Super Smart Society, 

Industry 4.0 
 Sustainable Transport and Energy Systems 
 Information and Networking, Communication Protocol 
 MEMS/NEMS and Micro/Nano-Manufacturing 
 Bioengineering and Mechatronics Applications in Life Sciences 
 Renewable Energy and Smart Grid 
 Production Systems 
 Human Resource Development and Education on Mechatronics Technology 
 Composite and Polymer Materials 
 Innovative Automotive Systems 
 Industrial Design for Mechatronics Engineering 
 
Venue 
Grand Hi-Lai Hotel, Kaohsiung, Taiwan 
Address: No. 266, Chenggong 1st Rd, Kaohsiung City, 801, Taiwan, R.O.C. 
Website: https://www.grand-hilai.com/en/ 
 
Language 
English is the official language for all presentations and correspondence. 
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II. Committee 
Honorable Chairs 

Ching-Yu Yang 
Nobuyuki Iwatsuki 

 

General Chair 
Ker-Wei Yu 

 

General Co-Chairs 
Yung-Tien Liu 

Ming-Shyan Huang 
JJ Chong 

 Co-Chairs  

Technical Program Special Session Publicity 
Yang Shi 

Valentin Ivanov 
Huijun Gao 

 

Kyoung Kwan Ahn 
Kiyoshi Ohishi 

 

Kenta Seki, Rong-Feng 
Fung, Meng-Shiun Tsai, 

Fang-Jung Shiou, 
Chang-Hua Lien 

Publication Co-Chairs Local Organizing Committee 
Truong Quang Dinh 

JJ Chong 
Makoto Iwasaki 

Yung-Tien Liu 
Ming-Shyan Huang 

Tsung-Liang Wu 
I-Jen Sung 

Min-Huang Ho 

Chen-Jung Li 
Heng-Chih Yeh 
Po-Wen Hsueh 
Chun-Chih Kuo 

Shu-Yun Yu 

International Advisory Board 
Australia: Gursel Alici, John Billingsley, 

Saeid Nahavandi, Bijan Shirinzadeh. 
Canada: Greg Baiden, Yassiah Bissiri. 
China: Zengqi Sun, Guozheng Yan, 

Zhaoyao Shi, Xudong Kang, Dazhi 
Wang. 

Germany: Eberhard Manske, Gerd 
Jäger, Bodo Heinmann, Sergej 
Fatikow. 

Greece: Kalogiannakis Michail. 
Hungary: Somlo Janos, Imre J. Rudas. 
Italy: Adolfo Senatore, Giuseppe 

Quaglia. 
Japan: Nobuyuki Iwatsuki, Mamoru 

Mitsuishi, Naoki Asakawa, Tadahiko 
Shinshi. 

Korea: Kyoung Kwan Ahn, Soon Young 
Yang, Byung Ryong Lee, Young Jin 
Yum, Jung Ho Park, Dongwon Yun 

Malaysia: Shamsudin Bin Hj. Mohd. 
Amin. 

Mexico: Jesús Manuel 
Dorador-González, José E.V. Soto, 
Eduardo C. Castaneda. 

Philippines: Feliciano H. Japitana, Elmer 
P. Dadios. 

Singapore: Ser-Yong Lim, Danwei 
Wang, Marcelo H. Ang. Jr, JJ Chong. 

Taiwan: Yung-Tien Liu, Ming-Shyan 
Huang. 

Thailand: Manukid Parnichkun, Nitin 
Afzulpurker. 

Türkiye: Okyay Kaynak. 
UK: Truong Quang Dinh, Robert Parkin, 

Mike Jackson. 
USA: Jay Lee, Oussama Khatib, Kazuo 

Yamazaki, Chia-Hsiang Menq. 
Vietnam: Quoc Thanh Truong, Ho Pham 

Huy Anh, Khoa Son Nguyen, Si Thai 
Dau. 
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III. Program at a Glance 

November 18 (Fri.) 

Time Event & Venue 

15:00 - 17:30 Registration, Exhibition Hall entrance (15 F)  

17:30 - 21:00 Reception, Harbor Restaurant (43 F) 

November 19 (Sat.) 

Time Event & Venue 

09:00 - 17:00 Registration, Exhibition Hall entrance 

09:40 - 11:50 Opening Ceremony & Keynote Speech, Exhibition Hall (15 F, Interactive On-line) 

09:40 - 10:00 Opening Ceremony Ker-Wei Yu, Nobuyuki Iwatsuki 

10:00 - 10:50 Keynote Speech  

I 

Smart Lighting and Decentralizing IoT Edge Devices for Urban Farming

(On-line) 

JJ Chong (Newcastle University in Singapore) 

Chair: Kyoung Kwan Ahn (University of Ulsan) 

10:50 - 11:40 Keynote Speech  

II 

Study on the robotic hand and gripper 

Dongwon Yun (Daegu Gyeongbuk Institute of Science and Technology, DGIST)

Chair: Adolfo Senatore (University of Salerno) 

11:40 - 11:50 Photograph 

11:50 - 13:00 Lunch (B3, OOTOYA) 

Venue Chatter Room (Live On-line) Elite Room ( Interactive On-line) Regal Room (Live On-line) 

13:00 - 15:00 AM: 01, 06, 16, 41, 42, 44 

Chair: Cheung-Chieh Ku 

Adolfo Senatore 

ME, ST: 18, 35, 50, 56, 79, 10* 

Chair: JJ Chong 

Cheng-Chi Wang 

IT: 11, 13, 15, 19, 22, 25 

Chair: Zuo-Ren Chen 

Ming-Shyan Huang 

15:00 - 15:20 Break 

15:20 - 17:00 SA, RE, CP: 47, 31, 40, 26, 20*,

Chair: Chun-An Cheng 

Tsung-Liang Wu 

RE, PM, IT, BM: 49, 71, 34, 54, 51*

Chair: JJ Chong 

Duc Thien Tran 

ID, AM, PS: 37, 67, 69, 73, 48*

Chair: Sadayoshi Mikami 

Jyh-Cheng Yu 

18:00 - 21:00 Free (ISC Meeting) 

November 20 (Sun.) 

Time Event & Venue 

09:00 - 17:00 Registration, Exhibition Hall entrance 

09:10 - 12:00 Keynote Speech, Exhibition Hall (15 F, Interactive On-line) 

09:10 - 10:00 Keynote Speech  

III 

Emerging trends, standards and development of electric motorcycles

(On-line) 

Truong Quang Dinh (University of Warwick) 
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Chair: Ming-Shyan Huang (National Kaohsiung University of Science and 

Technology) 

10:00 - 10:20 Break 

10:20 – 11:10 Keynote Speech  

IV 

Advanced manufacturing system based on mechatronics 

Dr. Hayato Yoshioka (The University of Tokyo) 

Chair: Naoki Asakawa (Kanazawa University) 

11:10 – 12:00 Keynote Speech  

V 

From AR/VR, Digital Twin and AI to Industrial Metaverse 

Dr. Meng-Shiun Tsai (National Taiwan University)  

Chair: Jyh-Horng Chou (Feng Chia University) 

12:00 - 13:00 Lunch (B3, OOTOYA) 

Venue Chatter Room (Live On-line) Elite Room (Interactive On-line) Regal Room (Live On-line) 

13:00 - 15:00 AM: 12, 23, 38, 65, 68, 75 

Chair: Chen-Jung Li 

Hayato Yoshioka 

HR, AM, PS: 05, 07, 08, 46, 76, 21

Chari: JJ Chong 

Wen-Long Yao 

IT: 27, 28, 29, 30, 33, 39 

Chair: Sheng-Jye Hwang 

Chao-Ching Ho 

15:00 - 15:20 Break 

15:20 - 17:20 AM, PS: 14, 36, 55, 53, 74, 77 

Chair: Li-Shan Ma 

Naoki Asakawa 

IA, ST, IT: 09, 32, 43, 78, 62, 66

Chair: Miin-Jong Hao 

Nessa Fereshteh Saniee 

PM, RE, ID: 17, 24, 60, 61, 70, 72

Chair: Quang-Cherng Hsu 

Ho-Lin Tsay 

18:00 - 21:00 

On-line 

Banquet (9 F) 

Huasound Performance 

Best Paper Award, Best Presentation Award 

Closing Remarks (20:30 ~ ) 

November 21 (Mon.): Tour 

09:00 - 16:00 City tour 

 
Abbreviation Time zone 

AM: Advanced Mechatronics Devices, Sensing and Control 
ST: Sustainable Transport and Energy Systems  
IA: Innovative Automotive Systems 
IT: Internet of Things, Internet based Manufacturing, AI, 

Super Smart Society, Industry 4.0 
RE: Renewable Energy and Smart Grid  
PM: Precision Measuring Technology  
HR: Human Resource Development and Education on 

Mechatronics Technology  
BM: Bioengineering and Mechatronics Applications in Life 
Sciences 
PS: Production Systems 
CP: Composite and Polymer Materials  
XX: Information and Networking, Communication Protocol 
ME: MEMS/NEMS and Micro/Nano-Manufacturing  
SA: Smart Actuators and Materials 
ID: Industrial Design for Mechatronics Engineering 
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IV. Registration/Presentation Instruction 

*Registration/Information Desk 
The registration/information will be available in the following time periods. 
- Place: Exhibition room (15 F) 
- Time: open 15:00-17:30 on November 18 (Fri.) 
- Time: open 09:00 to 17:00 on November 19-20 (Sat. & Sun.) 
 
*Registration Steps 

1) Collect the information bag and ID badge, if you are a full registrant, check both the 
Reception and Banquet tickets, also additional orders. If you are registered as a 
student or attendee, you can purchase the tickets on-site. 

 

2) Choose polo shirt size (L and XL only, limited quantities are 58 and 22, 
respectively.) 

 

3) Choose lunch for two days 

 
Vegetarian Chicken Fried chicken & Egg
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Pork Fish 

 

4) To attend the City Tour, please provide your Passport Number and Birthday for 
travel insurance. (Details will be announced on-site) 

 
*Instructions for Chairs 

The main responsibilities of a session Chair are as follows: 
1) Before the session: check the presence of the presenters and upload their 

presentation media at 10 minutes before the session. (The presentation media and 
files will be handled by a technical assistant assigned to each presentation room.) 

2) During the session: control the time for each presentation and host the Q&A for 5 
minutes. The maximum total presentation time for each paper is 20 minutes. 

3) If you chair the “Interactive on-line” room, please use Google Meet to enter the 
meeting room with the ID “dzy-bunv-viv” before the session starts, and check 
the attendance of presenters. 

 
*Instructions for on-site presenters 

The time slot of each regular oral presentation is 20 minutes, including 15 minutes 
of presentation with 5 minutes of question/discussion. If using PowerPoint, please bring 
your file on a USB stick to the room of your presentation during the break or 15 
minutes before your session. A technical assistant will help you load it. If you wish to 
use your own NB, please check the function before the session. 
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*Instructions for on-line presenters 
All the on-line presenters are requested to use Google Meet to enter the meeting 

room with the ID “dzy-bunv-viv”. When you joint the meeting, please report your 
paper ID via the message box. The presentation time slot is the same as the on-site one. 
Both the on-site and on-line presentations are mixed in the Elite Room. 
 
*Instructions for pre-recording presenters 

Due to the difference of time zones, some areas are permitted to present with a 
pre-recording video. Please submit the video to the official E-mail address  
(icmt2022@nkust.edu.tw) 3 days prior to the conference starts. If the file size is too 
large, please provide the share link. 
 
*Google Meet IDs for ICMT2022 participants 

The links to the Google Meet with passwords will be sent to participants before 
session starts. 

Conference Room Meeting ID Note 

Exhibition Hall moa-wikc-ubu 
Open ceremony & 

Keynote speech 

Chatter Room gov-aqcz-aen On-line 

Elite Room dzy-bunv-viv Interactive On-line

Regal Room sjn-ynzx-xps On-line 

 
*Service from Grand Hi-Lai Hotel 

-Free Wi-Fi, Host name: GrandHilai-PUBLIC 
-Free parking ticket 
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V. Keynote speaker 
Nov. 19, 10:00 – 10:50 

 
Prof. Dr. JJ Chong 
Assistant Professor, Mechanical Engineering and Degree 
Programme Director for Energy Storage at Newcastle University 
in Singapore 

Dr JJ Chong is an Assistant Professor of Mechanical Engineering and Degree Programme Director 
for Energy Storage at Newcastle University in Singapore. He joined Singapore from University of the 
West of England (UWE), UK in 2019. Dr. Chong has a proven track record of generating high-quality 
high-impact research. Under the Research Excellence Framework (REF), his papers were rated 
"World Leading" (4*) or "Internationally Excellent" (3*), by a number of external reviewers with 
previous Research Assessment Exercise (RAE) experience. In addition, Dr. Chong has a track record 
of working on grants application. He is currently a Co-investigator on an International Exchange grant 
funded by the Royal Society. He is editorial board in international journals: Biomedical Engineering 
Online Journal and International Journal of Theoretical and Applied Multiscale Mechanics. Dr. 
Chong's research interests lie in virtual environments, AR & VR, robotics, smart sensing and 
human-machine interface.  

Title: Smart Lighting and Decentralizing IoT Edge Devices for Urban Farming 

Abstract 
In recent years, the number of indoor farms established around the world has grown. 
This increase is because indoor farms are seen as the solution to meet the food demands 
of an increasing population amidst climate change challenges. However, high energy 
consumption is still one of the issues that plague indoor farms. It is necessary to employ 
large amounts of Light Emitting Diodes (LEDs) to generate sufficient light for plants to 
grow well indoors. In indoor farms, artificial lighting accounts for more than 80% of its 
energy consumption. 
The intent of this talk is to share the research conducted at my lab in developed an 
energy-efficient lighting system for urban farming and demonstrated the decentralising 
the IoT server by containerisation enables the use of low-powered microcomputers to 
run IoT server applications. 
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Nov. 19, 10:50 – 11:40 

 
Prof. Dr. Dongwon Yun 
Associate Professor, Daegu Gyeongbuk Institute of Science 
and Technology (DGIST), Daegu, South Korea 

Dongwon Yun received a Ph.D. degree in mechanical engineering from KAIST, South Korea, in 
2013 and he conducted postdoc research in the EECS department at UC Berkeley from 2014 to 
2015. He was a Senior Researcher for Korea Institute of Machinery and Materials from 2005 to 
2016. He moved to DGIST in 2016 and is currently an associate professor in the Department of 
Robotics and Mechatronics Engineering. His research interests include biomimetic robot, industrial 
robot system & mechatronics, soft robotics, and sensors & actuators. 

Title: Study on the robotic hand and gripper 

Abstract  

In this talk, I would like to introduce research on robot hands and grippers that is being carried out in 

the BRM laboratory, DGIST. In this presentation, I would like to introduce three types of grippers. 

The first relates to a multi-purpose gripper capable of gripping objects of various sizes and shapes. To 

this end, we applied a film that generates an electrostatic force to a traditional robotic gripper. The 

second gripper is a study on soft grippers, and I would like to introduce a gripper made of soft 

material to grip soft objects. Finally, I would like to introduce a gripper with a flexible flexure joint 

that has excellent external shock absorption performance and has compliance to grip various objects 

 

 

Nov. 20, 09:10 – 10:00 

 
Prof. Dr Truong Dinh  
Associate Professor of Energy Management and Control 
Systems,  
Deputy Director of Admissions in WMG, the University of 
Warwick, U. K. 
Alan Turning Fellow 
IEEE senior member. 
Dr Dinh is currently an Associate Professor of Energy Management and Control Systems, Deputy 
Director of Admissions in WMG, the University of Warwick. He is also an Alan Turning Fellow 
and an IEEE senior member. 
 
His research interests are mechatronic systems design, modelling and control, sustainable 
technologies for future of mobility and energy systems, energy saving, energy/power management 
technologies, control theories and applications, renewable energy. He has generated a research 
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funding portfolio of circa £14m for the departments. He has published over 190 articles including 
80 high quality journal papers. He has delivered more than 20 keynote and invited talks at 
renowned conferences and industrial events and received 13 journal and conference paper awards. 
 
Dr Dinh has involved in different professional activities, including:  technical committee member 
of IEEE-IES – Motion and Control Section; secretary/webmaster of IEEE-CIS Region 8; editorial 
members of several international journals; general co-chair, technical program co-chair and 
international steering committee member of several renowned conference series. 

Title: Emerging trends, standards and development of electric motorcycles 

Abstract 

CO2 emissions in the transport sector make up approximately 30% of the total man-made CO2 

emissions worldwide. Many countries including the UK have pledged that sales of conventional petrol 

and diesel vehicles will be banned toward 2035. In response to the environmental, legislative and 

societal pressures, the transport sector, including motorcycles, is embarking upon a period of 

unprecedented technological change with the main focus on electrification. 

This speech will give a brief overview about the emerging trends, development standards as well as 

some development activities carried out within our team for next generation of electric motorcycles. 

 

 

Nov. 20, 10:20 – 11:10 

 
Prof. Dr-Eng. Hayato YOSHIOKA 
Institute of Industrial Science, The University of Tokyo 
 

Dr. Hayato Yoshioka is a Professor at the Institute of Industrial Science, The University of Tokyo. 
Prof. Yoshioka obtained the degree of Dr. Eng. in mechanical engineering from Tokyo Institute of 
Technology. His research area is development of ultraprecision machinery technologies for a 
manufacturing system. He has developed several ultraprecision mechanical technologies such as 
positioning table systems, spindle systems, and process monitoring systems. Recently, he has been 
interested in realization of flexible manufacturing system with industrial robots. He is a member of 
JSME, JSPE, JSA, euspen, and CIRP. 

Title: Advanced manufacturing system based on mechatronics  

Abstract 

In recent years, manufacturing systems have been required to meet various demands: high productivity, 

high precision, low cost production, environmental impact, and high-value added production. To meet 

these requirements, the mechatronics technologies play an important role in manufacturing systems. In 

this presentation, I would like to introduce two examples that our group has been researching.  



18 
 

One is an expansion of the machining function for generating micro patterns on the curved surface. 

This technology is based on the fast tool servo technology driven by a giant magnetostrictive actuator. 

The developed machining system can fabricate both curved geometry and micro-texture 

simultaneously. 

The other topic is a flexible manufacturing system by using autonomous mobile robots (AMRs). 

AMRs can move freely on shop floor in the factories, and hence they can role not only delivering and 

handling materials but also assembling and inspecting products. AMRs can handle various tasks 

instead of human operators. 

 

 

Nov. 20, 11:10 – 12:00 

 
Prof. Dr. Meng-Shiun Tsai 
Distinguished Professor, Mechanical Engineering Dept., 
National Taiwan University  
Director of Intelligent Machinery Research Center, National 
Taiwan University 
 

 
Meng-Shiun Tsai received his B. S. degree in Mechanical Engineering in 1988 from National 
Taiwan University, Taiwan, and the M. S. and Ph. D. from the Pennsylvania State University, USA, 
in 1995 and 1998, respectively. Since 1998, he had been with Department of Mechanical 
Engineering, National Chung-Cheng University (CCU), Taiwan, and he was promoted to be a 
distinguished professor in 2018. Dr. Tsai joined the Department of Mechanical Engineering of 
National Taiwan University as a professor in August, 2018 and currently is a distinguished 
professor. He becomes the Director of Intelligent Machinery Research Center in 2021. He has 
published over 100 technical papers and owned several patents at different research areas including 
smart manufacturing, CNC motion controls, robot arm control, active-passive vibration controls, 
piezoelectric-based smart structures, and ultrasonic motors, etc. In terms of industry-university 
cooperation, Professor Tsai has cooperated with more than 25 machine tool manufacturers and 
worked for over 60 research projects in the past few years to help them develop various 
technologies such as intelligent servo tuning, CNC kernels, virtual simulation and edge computing. 
He received many awards from the government, industrials and universities including the 
Industry-Academia Contribution Award from the Machinery Industry Association (2022), the 
Outstanding Engineering Professor Award from the Chinese Society of Engineers and CSME 
(2021) and Outstanding Research Award from the Ministry of Science and Technology (2016), etc. 
He is the members of ASME, IEEE and the National Honor Society of Phi Kappa Phi. 

Title: From AR/VR, Digital Twin and AI to Industrial Metaverse 

Abstract 

In this talk, the background on industry metaverse will be introduced first by the videos made by some 

famous international manufacturing companies.  Then the seven layers of the metaverse are 

investigated and the technology roadmap are presented. The AR/VR, digital twin, Avatars, and AI 
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composed of the main cores of the industry metaverse are illustrated to connect the virtual world and real 

industry. The main objectives of the metaverse are analyzed from the five different point of aspects such 

as human, machine, product, factory, and enterprise. Then the techniques such as machine vision, 

blockchain, digital twin, natural language processing and neural interface using AI and machine learning 

are presented to AI with the metaverse. After that, the smart manufacturing system developed in 

Intelligent Machinery and Mechtronics Control (IMMC) Lab. of National Taiwan University are used as 

an active example to illustrate how the digital twin could be applied to solve the cutting mark problem. 

Finally, future research directions in AI, advanced robotics, smart inspection and diagnosis of the 

metaverse are presented.  
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VI. Paper Abstract 

Nov. 19 Chatter Room (Interactive online) 

Advanced Mechatronics Devices, Sensing and Control 
Chairs: Cheung-Chieh Ku/Adolfo Senatore 

13:00 - 13:20 01-AM1  Integral Non-singular Terminal Sliding Mode Control for Tri-axis 
Piezoelectric Stage 
Kuo-Ming Chang, Cheng-Han Li, Yung-Tien Liu 

13:20 - 13:40 06-AM2  EOD robot mechatronic modelling and trajectory optimization through 
Chebyshev polynomials 
Adolfo Senatore, Giuseppe Ventura 

13:40 - 14:00 16-AM7  Polynomial Control of Nonlinear Pendulum System 
Chein-Chung Sun, Cheung-Chieh Ku, Chang-Hua Lien, Wen-Jer Chang, Shao-Hao 
Jian 

14:00 - 14:20 41-AM12  Disposable Soft Robotic Gripper Fablicated from Ribbon Paper with a 
Few Steps of Origami Folding 
Naoki Ando, Kohei Takahashi, Sadayoshi Mikami 

14:20 - 14:40 42-AM13  Extended State Observer Based Sliding Mode Control For 6 DOF 
Manipulator With Lumped Uncertainties 
Duc Thien Tran, Hai Ninh Tong, Minh Phuc Tran, Thanh Binh Ha,Nguyễn Mạnh 
Hùng, Kyoung Kwan Ahn 

14:40 - 15:00 44-AM14  Synchronous PID controller for a 4-DOF parallel manipulator in 
practice 
Duc Thien Tran, Nguyen Thanh Nha, Mai Van Phung, Nguyen Phi Long, Nguyen 
Minh Tam, Kyoung Kwan Ahn 

 

01-AM1 Integral Non-singular Terminal Sliding Mode Control for Tri-axis Piezoelectric Stage 

Kuo-Ming Chang, Cheng-Han Li, Yung-Tien Liu* 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—For multi-axis positioning, this paper develops a piezoelectric (PZT)-driven tri-axis 

positioning stage, which is equipped with a flexible mechanism to achieve the advantages of low 

interference, high speed and high precision. Firstly, the PZT stage is systematically identified to obtain 

the transfer function of the stage, and then the mathematical model of the stage is established to 

evaluate the control performance of the proposed control methods. The control method in this paper 

firstly uses integral non-singular terminal sliding mode control (INTSMC), which can converge in a 

finite-time and achieve the effect of eliminating chattering. Then, a disturbance observer (DO) is 

designed to estimate the system disturbance. The INTSMC combined with the DO control method can 

achieve a more perfect control effect for the xyz-stage. In this paper, the control experiment analysis is 

given to validate the tracking control performance of two proposed control schemes. 

 
Keywords—piezoelectric actuator, terminal sliding mode control, disturbance observer 
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06-AM2 EOD robot mechatronic modelling and trajectory optimization through Chebyshev 

polynomials 

Adolfo Senatore*, Giuseppe Ventura 

University of Salerno, Italy 

 

Abstract—The present work analyses, models and simulates through multibody software the 

behaviour of EOD (Explosive Ordnance Disposal) robot in order to identify its performances and to 

optimise them. Firstly, the direct and inverse kinematics has been studied by using the 

Denavit-Hartenberg notation, focusing on the EOD manipulator. Subsequently, the robot trajectories 

formulated as linear combination of the Chebyshev polynomials were optimised to reduce the overall 

energy required to perform the required task. After modelling the electric motors driving the robot 

actuators and their PI controllers in Simulink, these outcomes have been imported in ADAMS through 

to take into account the electro-mechanical behaviour of the actuators. 

 
Keywords—robot trajectory, mechatronic modelling, actuators, PI controller. 

 

 

16-AM7 Polynomial Control of Nonlinear Pendulum System 

Chein-Chung Sun, Cheung-Chieh Ku, Chang-Hua Lien*, Wen-Jer Chang**, Shao-Hao Jian** 

National Kaohsiung University of Science and Technology, **National Taiwan Ocean University, 

Taiwan 

 

Abstract—This paper discusses the robust stability and stabilization problem of nonlinear 

time-varying pendulum system. Generally, the nonlinear pendulum system is applied for a basic 

problem of stabilizing attitude/angle. However, the system possesses strong nonlinearities such that 

the problem is hardly solved and investigated. Using fuzzy modeling approach, the system is 

described via several sub-linear time-varying polynomial systems and membership function. 

Moreover, the time-varying parameters in the sub-linear systems are represented by the Linear 

Parameter Varying (LPV) model. Based on the polynomial structure, the number of fuzzy rules can be 

reduced to relax the control problem. With the modeling approaches, the nonlinearities and 

time-varying parameters in the system can be completed described. For the corresponding model, 

some sufficient conditions are derived into polynomial case for applying Sum-Of-Square (SOS) 

programming. Finally, a numerical simulation is provided to demonstrate the applicability and 

effectiveness of the proposed design method. 

 
Keywords—T-S fuzzy model, LPV description, SOS, polynomial Lyapunov 
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41-AM12 Disposable Soft Robotic Gripper Fablicated from Ribbon Paper with a Few Steps of 

Origami Folding 

Naoki Ando, Kohei Takahashi**, Sadayoshi Mikami* 

Future University Hakodate, **Hakodate Regional Industry Promotion Organization, Japan 

 

Abstract—An easy-to-make paper-crafted robotic gripper for food manipulation was proposed. The 

gripper is fabricated from ribbon paper in a few tens of seconds only by folding and engaging without 

adhesives. The gripper forms a four-linkage underactuated mechanism which realizes 

human-finger-like grasping. Simply sliding a gripper edge into a shaft slit of a rotational motor, the 

gripper is instantly attached and detached from a robot. Therefore, it is expected to realize a 

practically disposable gripper. By experiments of repeatedly grasping some foods, the reliability and 

durability of the gripper were shown. The gripper's spring effect, naturally given by paper material, 

was shown to hold slippery and irregular-shaped foods firmly. 

 
Keywords—soft gripper, food manipulation, origami, disposable gripper, underactuated mechanism 

 

 

42-AM13 Extended State Observer Based Sliding Mode Control For 6 DOF Manipulator With 

Lumped Uncertainties 

Duc Thien Tran*, Hai Ninh Tong, Minh Phuc Tran, Thanh Binh Ha,Nguyễn Mạnh Hùng, 

Kyoung Kwan Ahn** 

Ho Chi Minh City University of Technology and Education, Vietnam, **University of Ulsan, South 

Korea 

 

Abstract—This paper proposes an active disturbance rejection control (ADRC) for a 6-DOF 

manipulator with the model uncertainties and external disturbances. The proposed control is 

developed based on the sliding mode control (SMC) and the extended state observer (ESO). The SMC 

in the suggested control ensures that the tracking problem is solved and that the manipulators have 

quick reactions. The ESO estimates not only the change values but also uncertainties in the model. 

Based on those advantages, the proposed method does not only estimate the lumped uncertainties but 

also compensates control signals for improving the tracking issue. A Lyapunov approach is 

investigated to analyze the stability and robustness of the whole system. Finally, the proposed control 

is applied for the 6-DOF manipulator on MATLAB/Simulink to prove its effectiveness. 

 
Keywords— disturbance rejection, extended state observer, sliding mode control, 6-DOF manipulator,
lumped uncertainties. 
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44-AM14 Synchronous PID controller for a 4-DOF parallel manipulator in practice 

Duc Thien Tran*, Nguyen Thanh Nha, Mai Van Phung, Nguyen Phi Long, Nguyen Minh Tam 

Kyoung Kwan Ahn** 

Ho Chi Minh City University of Technology and Education, Vietnam, **University of Ulsan, South 

Korea 

Abstract—In this paper, a synchronous controller is proposed for a 4-DOF parallel robot in practice. 

The robot test bench is built with four arms driven by four AC servo motors that perform torque 

control mode. Four motors will work together to control the trajectory tracking moving platform and 

create a closed kinematic chain structure. Therefore, the problem of synchronous control between the 

arms is a challenge. To solve this problem, the Synchronous Proportional-Integral-Derivative (SPID) 

controller is proposed based on the Proportional-Integral-Derivative (PID) controller to improve the 

quality of the system. The cross-coupling error of the synchronization algorithm will provide the 

motion information of itself and adjacent joints. The synchronous controller will drive both the 

synchronous error and the tracking error of the system simultaneously to zero. The results from the 

experiment on the 4-DOF parallel robot model are compared with conventional PID controllers to 

demonstrate the efficiency. 

 
Keywords—synchronized control, parallel robot, cross-coupling error, synchronized error, PID. 

 

 
*Presenter 
**Second Organization/Institution 
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Nov. 19 Elite Room (Interactive On-line) 

MEMS/NEMS and Micro/Nano-Manufacturing 
Sustainable Transport and Energy Systems 

Chairs: JJ Chong/Cheng-Chi Wang 
13:00 - 13:20 18-ME1  Experimental and Numerical Analysis of Micro Hole on Copper Sheets 

by Deep Drawing 
Tsung-Chia Chen, Ching-Min Hsu, Cheng-Chi Wang, Tsui-Er Lee 

13:20 - 13:40 35-ST7   Design and Performance Analysis of Triboelectric Nanogenerator 
Enabled Self-powered Sensing for Vehicle Safety Monitoring 
Chau-Duy Le, Thanh-Ha Nguyen, Kyoung Kwan Ahn 

13:40 - 14:00 50-ST3  A Novel Driver Circuit for Supplying LED Projection Lamps with 
High-Power-Factor and Soft-Switching 
Chun-An Cheng, En-Chih Chang, Ching-Min Lee, Long-Fu Lan, Sheng-Hong Hou, 
Cheng-Kuan Lin 

14:00 - 14:20 56-ST4  Novel Hybrid Energy Regeneration System for Electric Construction 
Machinery 
Yingxiao Yu, Jiangding Zhou, Kun Wang 

14:40 - 15:00 79-ST6   Baseline Strategy for Remaining Range Estimation of Electric 
Motorcycle Applications 
Truong Minh Ngoc Bui, Nicolas Holmes, Truong Quang Dinh 

14:20 - 14:40 10-ST1  Feasibility Assessment of Differential Voltage Analysis to Detect Lithium 
Plating in Battery Modules for Electric Vehicles 
Nithin Somasundaran, Nessa Fereshteh Saniee, Truong Dinh Quang, James Marco 

 

 

18-ME1 Experimental and Numerical Analysis of Micro Hole on Copper Sheets by Deep 

Drawing 

Tsung-Chia Chen, Ching-Min Hsu, Cheng-Chi Wang*, Tsui-Er Lee** 

National Chin-Yi University of Technology, **Asia University, Taiwan 

 

Abstract—For the design and fabrication of dies in the deep drawing process, the problems of 

springback after load removal and the cracks occurred are needed to be considered. In this study, a 

deep drawing process for micro square hole on copper sheets is analyzed on the basis of an updated 

Lagrangian formulation and finite element analysis. Sheet behavior was simulated using a 

micro-elastoplastic material model, the performance of which was compared with that of models 

involving conventional materials. Subsequently, the Dynaform was used for simulation analysis, and 

carried out to obtain material deformation history, as well as to determine thickness change 

distribution, maximum stress and strain of the copper sheet. It was found that the punch fillet radius 

and forming ratio influence the relation between the punch load and stroke, the distribution of stress 

and strain, and the maximum flange height. Finally, the simulation results were compared with 

experimental results to confirm the accuracy of 3D finite element analysis of the elastoplastic 

deformation. The results show the influence of the punch fillet radius for copper sheets on the drawing 
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process: when the punch fillet radius is small, the punch load rises and falls more rapidly. The 

maximum stress decrease as punch fillet radius increases. The findings serve as a valuable reference 

for the design and processing of micro deep drawing. 

 
Keywords—deep drawing, springback, copper sheet. 

 

 

35-ST7 Design and Performance Analysis of Triboelectric Nanogenerator Enabled 

Self-powered Sensing for Vehicle Safety Monitoring 

Chau-Duy Le*, Thanh-Ha Nguyen, Kyoung Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—Vehicle safety monitoring systems have been continuously developing over the years because 

they are mandatory for the management and control of vehicles. In this work, a rotary water-based 

triboelectric nanogenerator (RoW-TENG) as a vehicle monitoring device is demonstrated, in which its 

capability of detecting the road slope as well as the wheel speed is carefully investigated. The electrical 

outputs of RoW-TENG represent a negative proportional relationship with the slope angle ranging from 

0º to 80º; meanwhile, a positive proportional relationship with rotational speed is observed instead. 

 
Keywords— Triboelectric Nanogenerators, Water electrification, Vehicle monitoring 

 

 

50-ST3 A Novel Driver Circuit for Supplying LED Projection Lamps with High-Power-Factor 

and Soft-Switching 

Chun-An Cheng*, En-Chih Chang, Ching-Min Lee, Long-Fu Lan, Sheng-Hong Hou, 

Cheng-Kuan Lin 

I-Shou University, Taiwan 

 

Abstract—This paper proposes a novel single-stage AC-DC driver circuit for supplying a LED 

projection lamp, which merges a modified stacked boost converter with a half-bridge LLC resonant 

converter into a single-stage power conversion topology, featuring with power-factor-correction (PFC) 

and soft-switching. By designing the inductor in the modified stacked boost converter sub-circuit at 

discontinuous-conduction mode (DCM), the function of PFC is accomplished. Besides, the power 

switches have the function of zero-voltage switching (ZVS), reducing the switching loss and 

improving the overall efficiency of the proposed driver circuit. A 100W-rated (36V/2.77A) prototype 

driver circuit with an input utility-line voltage of 110 V has been developed and tested. According to 
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the measured results, a power factor greater than 0.99, an input current total harmonic distortion factor 

less than 6%, and an efficiency greater than 89% are obtained in the single-stage AC-DC driver circuit. 

Therefore, satisfying outcomes from experimental results demonstrate the functionality of the 

proposed driver circuit for supplying a LED projection lamp. 

 
Keywords—converter, LED, power-factor-correction, projection lamp 

 

 

56-ST4 Novel Hybrid Energy Regeneration System for Electric Construction Machinery 

Yingxiao Yu*, Jiangding Zhou, Kun Wang 

Jiangsu University, China 

 

Abstract—For construction machinery, energy regeneration is an effective measure to save energy. 

Combining the advantages of the battery and the hydraulic accumulator, a novel hybrid regeneration 

system is proposed for electric forklifts. The gravitational potential energy and braking energy can be 

regenerated by the hydraulic accumulator and the battery respectively to improve the energy 

regeneration efficiency. In this paper, the control strategy and parameter matching problem of this 

system are explored, and the simulation analysis is carried out by AMEsim/Matlab software. As a 

result, the energy regeneration efficiency of the electric forklift is 54% under a typical unloading 

condition, and the novel hybrid energy regeneration system has good control performance. The 

Comprehensive energy saving efficiency researches 52.5% in long-term running. 

 
Keywords—Energy Saving, Construction Machinery, Energy Regeneration 

 

 

79-ST6 Baseline Strategy for Remaining Range Estimation of Electric Motorcycle Applications 

Truong Minh Ngoc Bui*, Nicolas Holmes, Truong Quang Dinh 

University of Warwick, United Kingdom 

 

Abstract—Accurate predicting the remaining range of electric motorcycles (EMs) is important to help 

optimizing the energy consumption and improving the utilization of remaining energy in the batteries 

and therefore extending their life. In this paper, a range estimation strategy is developed to estimate 

the elapsed travel distance of the motorbike application and hence, the remaining range can be 

predicted. Then, daily riding cycles of the EM are identified and classified through machine learning 

technique based on the training and testing dataset of various standard ride cycles, which are 

combined with the proposed range estimation strategy to estimate the remaining travel distance of the 
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motorcycle as the baseline to underpin and support the energy management system of the electric 

vehicle applications. The developed complete model is finally evaluated on a mixed daily riding 

cycles showing the effectiveness of the approach. 

 
Keywords—Ride Cycle Classification, Remaining Range Estimation, Electric Motorcycles 

 

 

10-ST1 Feasibility Assessment of Differential Voltage Analysis to Detect Lithium Plating in 

Battery Modules for Electric Vehicles 

Nithin Somasundaran*, Nessa Fereshteh Saniee, Truong Dinh Quang, James Marco 

Univeristy of Warwick, United Kingdom 

 

Abstract—Fast charging of Lithium-ion battery modules can lead to accelerated ageing caused by 

Lithium plating. The open-circuit voltage profile during post-charge relaxation has been utilized used 

to detect the onset of Li plating, while devising fast charging strategies. Yet the scope of this method is 

predominantly evaluated and utilized only for cells in open circuit. Cells in a module are not ideally in 

open circuit, and there exist balancing currents within the module after charging. The extension of this 

method to battery modules, with cells connected in parallel is presented in this article. The 

experiments conducted on individual cells and module, the results obtained, and analysis is presented 

in detail. The effectiveness of differential voltage profile or relaxation profile analysis for identifying 

Li plating and stripping characteristics for cells in parallel are highlighted. 

 
Keywords— EV battery modules; Li plating; Voltage relaxation. 
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Nov. 19 Regal Room (Live On-line) 

Internet of Things, Internet based Manufacturing, AI,Super Smart Society, 
Industry 4.0 

Chairs: Zuo-Ren Chen/ Ming-Shyan Huang 
13:00 - 13:20 11-IT1   Automatic Generation of Personalized Golf Video Using Integrated 

Technologies and Methods 
Fu-Kuei Chen, Hsin-Piao Lin, Chao-Hsu Yang 

13:20 - 13:40 13-IT2  Prototyping and Demonstration of a Cloud-based AI Smart Plug System 
Zuo-Ren Chen, Chun-Fu Chen, Sin-Yu Huang, Yung-Wen Huang, Rongshun Chen 

13:40 - 14:00 15-IT3  Precise Identifying Assets Inside a Metal Cabinet Using RFID and 
Machine Learning Method 
Fu-Kuei Chen, Hsin-Piao Lin, Sheng-Kai Zhou 

14:00 - 14:20 19-IT4  Research on detection of surface defects of lamps with multi-color light 
sources 
Tsung-Liang Wu, Yu-Ying Zhan 

14:20 - 14:40 22-IT5  A Machine Learning Method for Predicting Part Weight, Dimensions, and 
Residual Stress during Injection Molding 
Ming-Shyan Huang, Keng-Cheng Ke, Po-Wei Wu 

14:40 - 15:00 25-IT6  Research on Optimization of Dielectric Layer Thickness Standard Deviation 
of Multilayer Ceramic Capacitors-An Empirical Study on Y Manufacturing Company 
Cheng-Wei Wu, Tung-Kuan Liu, Po-Wen Hsueh 

 

11-IT1 Automatic Generation of Personalized Golf Video Using Integrated Technologies and 

Methods 

Fu-Kuei Chen*, Hsin-Piao Lin, Chao-Hsu Yang** 

National Taipei University of Technology, **National Taiwan University of Science and Technology, 

Taiwan 

 

Abstract—Golf is one of the most popular sports in the world. The viewership of the professional 

golfers' association (PGA) tour broadcasts increased. However, golf broadcasting production is highly 

professional, expensive and is only for large events. To allow the amateur golfer to own his 

personalized golf video and share it with his family or friends, this article aims to propose a novel and 

cost-effective intelligent system to automatically generate golf videos based on numerous integrated 

technologies and methodologies. Solar power, camera sensor networks, wireless transmission, edge 

computing, and artificial intelligence technologies were adopted to implement such an intelligent 

system. To this end, we demonstrate that the proposed system works well. Based on 350 hours of 

video production, the cost of the 5G solution or the legacy solution is three times the proposed system. 

The results show that the proposed system can provide a cost-effective solution to generate golf 

videos and may serve as a reference for other fields that need automatic video generation. 

 
Keywords—automatic video generation, artificial intelligence, edge computing 
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13-IT2 Prototyping and Demonstration of a Cloud-based AI Smart Plug System 

Zuo-Ren Chen*, Chun-Fu Chen**, Sin-Yu Huang, Yung-Wen Huang**, Rongshun Chen 

National Tsing Hua University, **National Taiwan University, National Cheng Kung University, 

Taiwan 

 

Abstract—In this work, a cloud-based smart plug system integrated with artificial intelligence (AI) 

technology is prototyped and demonstrated. It exploits extra advanced information from plugged 

house appliances, compared to conventional smart plug products. An Internet of Things (IoT) smart 

plug printed circuit board (PCB), which is small enough to fit into a household plug outlet, is designed 

in-house. There are two main components connected to an ESP8266 microcontroller: a relay to 

control the power outlet and a nonintrusive current sensor to monitor power load. To take real-world 

application into consideration, the software is built on Google Cloud Platform (GCP) with 

event-driven architecture(EDA). Such architecture provides scalability, increases agility, and reduces 

cost. IoT devices are communicated through MQTT protocol on WiFi. Machine learning (ML) 

techniques are used to process the collected power load data. Thus, several different pieces of 

information about the plugged appliances can be acquired, such as malfunction detection, operation 

status identification, and completion time estimation. Edge AI technique is also experimented by 

executing the trained neural network (NN) model on a STM32F7 microcontroller. Finally, user 

interface (UI) of the system can provide functions including remote control and notification for the 

information of plugged appliances. 

 
Keywords—smart plug, machine learning, internet of things, cloud-based. 

 

 

15-IT3 Precise Identifying Assets Inside a Metal Cabinet Using RFID and Machine Learning 

Method 

Fu-Kuei Chen*, Hsin-Piao Lin, Sheng-Kai Zhou 

National Taipei University of Technology, Taiwan 

 

Abstract—The demand for CLOUD services has increased in recent years. Data centers have been 

equipped with more information technology (IT) assets to meet this trend; therefore, an efficient 

inventory management system is essential to track growing assets. The purpose of the study was to 

propose a novel RFID-based audit inventory system to precisely identify assets inside the metal 

cabinet of the data center. A multi-element RFID antenna and a machine learning method were 

adopted to implement such a system. The experimental results revealed that the extracted features of 

the Received Signal Strength Indicator (RSSI), Tag Read Count (TRC), combining Model Support 

Vector Machines (SVM), outperformed the other models with exceeding 99% accuracy in prediction 
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performance. The findings of the study may serve as a guide for other RFID-based systems for static 

asset tracking in a metal cabinet. 

 
Keywords—machine learning, multi-element antenna, RFID 

 

 

19-IT4 Research on detection of surface defects of lamps with multi-color light sources 

Tsung-Liang Wu*, Yu-Ying Zhan 

National Kaohsiung University of Sci. and Tech., Taiwan 

 

Abstract—Automated optical inspection (AOI) is one of the most intuitive technology for defect 

inspection, which is amply utilized in various industrial products. Nevertheless, each inspected target 

has a different characteristic, for instance, transparency. The transparency object possesses a high ratio 

of light-transmitting and the ratio will vary depending on the angle of an emitting light source. With 

this property, the emitting light source may reflect and transmit in accordance with some complex 

parameters and the capability of the inspection will be highly affected. One of a crucial parameter is 

the lighting design in the inspection environment. In this study, we propose several sets of 

wavelengths of the lighting source for evaluation. The multiple colors and natural light are used as the 

lighting source to capture the defects on the lamps cover. Then the images are assembled into a data 

set, which is imported into the ResNet model based on the convolutional neural network (CNN) for 

deep learning training. This study shows the results and concludes that the blue light source can 

acquire the best result with the highest accuracy of defect detection. 

 
Keywords—transparent object, data augmentation, ResNet , confusion matrix 

 

 

22-IT5 A Machine Learning Method for Predicting Part Weight, Dimensions, and Residual 

Stress during Injection Molding 

Ming-Shyan Huang*, Keng-Cheng Ke**, Po-Wei Wu 

National Kaohsiung University of Science and Technology, **National Taiwan Normal University, 

Taiwan 

 

Abstract—Injection molding is one of the main processes of polymer processing, which has the 

advantages of high efficiency and low manufacturing cost. Due to the high cost of time, labor, and 

equipment required for quality inspection in mass production, batch inspection is often used instead of 

full inspection, often resulting in difficult quality control. To achieve the goal of quality assurance, 
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this study proposes a virtual measurement technique based on a real-time multi-quality prediction 

neural network combined with an autoencoder network (AE) and multilayer perceptron network 

(MLP). The main research content is that through sensing, quality indexing, and automated feature 

extraction technology, the captured data can be extracted, and the dimensionality reduction of the data 

is beneficial to the training of the MLP model. Experimental case studies show that the method can 

in-time predict the residual stress distribution, weight, and geometric dimensions of plastic parts, and 

the model prediction error (root mean squared error) is less than 5% of the total tolerance. In particular, 

the required prediction time is less than 0.24 s. The performance of the predicted residual stress 

distribution is highly similar to the actual picture. Further, the feature codes extracted from the AE 

model can be used to verify the residual stress quality of the molded part. 

 
Keywords—autoencoder, injection molding, multilayer perceptron, quality prediction, residual stress,
virtual measurement 

 

 

25-IT6 Research on Optimization of Dielectric Layer Thickness Standard Deviation of 

Multilayer Ceramic Capacitors-An Empirical Study on Y Manufacturing Company 

Cheng-Wei Wu, Tung-Kuan Liu, Po-Wen Hsueh* 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—This research takes the multi-layer ceramic capacitor(MLCC) thin foil manufacturing 

station of Company Y as the research scope, and uses non-contact thickness gauge based on Xray to 

evaluate whether the thickness standard deviation of the ceramic thin foil has been improved. Then, 

the characteristic factor diagram and the response surface methodology are utilized to analyze the 

optimal parameters, where the critical factors are obtained by the Cause-and-Effect diagram. Further, 

the viscosity and speed are derived by the response surface methodology Moreover, the statistical 

software Minitab is performed to find the most appropriate production parameters. According to the 

proposed optimization method, the speed is set to 10m/min and viscosity is adjusted at 411.3~504.3 

mpas. Then, three rolls of foil are verified with the exclusion of personnel differences. The standard 

deviation results of the three rolls are few. different from the software calculation results. However, 

the standard deviation is less than 2mg, compared with only 51.8% probability of standard deviation 

less than 2mg In other words, the improvement rate is 100%. 

 
Keywords—MLCC, cause-and-effect diagram, response surface methodology 
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47-SA2 A Novel Driver Circuit for Piezoelectric Ceramic Actuator Featuring with 

Input-Current-Shaping and Soft-Switching 

Chun-An Cheng*, Hung-Liang Cheng, Chien-Hsuan Chang, En-Chih Chang, Long-Fu Lan,  

Hao-Fang Hsu 

I-Shou University, Taiwan 

 

Abstract—This paper presents a novel drive circuit, which consists of a front-stage AC-DC full-wave 

bridge rectifier and a rear-stage DC-AC circuit that combines a stacked boost converter and a 

half-bridge resonant inverter, for supplying a piezoelectric ceramic actuator with 

input-current-shaping (ICS) and soft-switching features. The inductor of the stacked boost converter 

sub-circuit is designed to work in boundary conduction-mode (BCM), so the ICS function can be 

realized in the proposed drive circuit. The resonant tank of the half-bridge resonant inverter 

sub-circuit is designed as an inductive load, so that the two power switches in the presented drive 

circuit can achieve zero-voltage-switching (ZVS) characteristics. 

 

A prototype driver circuit for providing a piezoelectric ceramic actuator has been successfully 

implemented in this paper. The experimental results tested with at a 110V input utility-line voltage 

have demonstrated that high power-factor (PF > 0.97), low input current total-harmonic-distortion 
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(THD< 16%), and ZVS characteristics of power switches are fulfilled in the prototype circuit. 

 
Keywords—driver circuit, input-current-shaping, piezoelectric ceramic actuator, power-factor, 
zero-voltage switching 

 

 

31-RE1 An Improved Energy Management Strategy for Fuel Cell Hybrid Power System Based 

on Compensator Design of DC-DC Converters 

Hoai-An Trinh*, Hoai-Vu-Anh Truong, Kyoung-Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—This paper introduces an improved energy management strategy (EMS) consisting of 

low-level and high-level control to adapt the load power demand and stabilize the DC bus voltage for 

a fuel cell hybrid power system (FCHPS). In high-level control, fuzzy logic rules (FLRs) combined 

with filtering-based methods and a voltage control loop are employed not only to determine the 

reference power of energy sources but also to ensure the stability of DC bus voltage. For the low-level 

control, compensators of DC-DC converters are designed based on their dynamic characteristics to 

improve the effectiveness of power distribution and the stability of DC bus voltage through the current 

and voltage control loops. Finally, a comparison of the proposed strategy and previous approaches is 

conducted through MATLAB/Simulink environment. The obtained results demonstrate that the 

proposed strategy not only achieves the highest distributed power accuracy but also ensures a stable 

DC bus voltage with ripple by 1.08 % in comparison to the available approaches. 

 
Keywords—hybrid power system, energy management strategy, DC-DC converter, voltage regulation.

 

 

40-RE2 DC Output Cellulose-Based Electric Generator Based On Materials Work Functions 

Quang Tan Nguyen*, Kyoung Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—This work develops a cellulose-based electric generator that offers a new method for 

harvesting mechanical energy in the presence of water based on the triboelectric effect and the 

charging effect between two metals with different work functions. This design consists of two 

dissimilar electrodes located on a dielectric substrate and a movable cellulose sponge wetted by water. 

The device is capable to produce a maximum instantaneous short-circuit current of 60 μA/cm2 and an 

induced voltage of 0.5 V with direct-current characteristics. The ability to generate DC outputs 

enables DC-CEG directly charge a capacitor without requiring a rectifier. This finding declares a great 
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potential application of DC-CEG as a power source to run electronic devices. 

 
Keywords—direct-current electric generator, material work functions, triboelectric effect, small 
mechanical energy 

 

 

26-CP1 Tribo-polarity Enhancement of Polyvinylidene Fluoride for Liquid-Solid Triboelectric 

Nanogenerator 

Duy Linh Vu*, Kyoung Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—In this study, polyvinylidene fluoride (PVDF) membrane enhanced tribo-polarity property 

by using functionalized graphene oxide (F-GO) for liquid-solid triboelectric nanogenerator (TENG). 

Utilizing 1H,1H,2H,2Hperfluorooctyltriethoxysilane,the surface of GO was functionalized by 

covalently grafting. The result was a significant improvement in the tribo-polarity of the membrane, 

which increased the power performance of FGO/PVDF-based TENG. As a result, the power 

performance of this TENG creates 0.14 mW with only one water droplet. 

 
Keywords— functionalized, graphene oxide, tribopolarity, polar crystalline phase, triboelectric 
nanogenerator 

 

 

20-SA1 CoilFORM: the impact of the winding on the flat spiral shape memory alloy coils 

Ahmed Amine Chafik*, Jaafar Gaber, Souad Tayane**, Mohamed Ennaji** 

UTBM, France, **Hassan II University of Casablanca, Morocco 

 

Abstract—CoilFORM is a shape changing interface that relies on the programmable deformation of 

its patterned actuating coils, to deform a malleable covering surface. The actuating coils inherit their 

geometric characteristics and their controllable shape changing behavior, from twisting shape memory 

alloy wires in a flat spiral trajectory. Thus, CoilFORM is significantly compact and can pack more 

actuators, unlike the existing devices. In this article, we feature the various configurations of the 

actuating coils, their quirks, and their impact on the performance and the rendering of CoilFORM. 

More precisely, we examine the geometric characteristics and the thermomechanical behavior of each 

coil inside and out of CoilFORM through numerical simulation. 

 
Keywords—programmable matter, smart materials, smart actuators, shape memory alloy. 
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49-RE3 Modelling and Control of Smart MicroGrid Integrated Renewable Energy Systems 

Arpan Deb, B Nandhkishore, Dinh.Truong**, Banibrata Mukherjee*, Jun Jie Chong 

IIT Kharagpur, India, **University of Warwick, England, Newcastle University, Singapore 

 

Abstract—Microgrids offer an attractive solution for greener energy supply by integrating renewable 

energy sources and intelligent control systems. This work focuses on the development of a smart 

microgrid including solar modules, a battery storage and relevant power electronics. First, a 

controlorient model is developed following the grid design concept. Next, various control features 

including Maximum Power Point Tracking (MPPT) controller, voltage level controller and load 

switching controller are introduced to enhance the system operation. A simulation study has been 

carried out for the integrated system model to confirm the feasibility of the proposed solution. 

 
Keywords—modelling, microgrid, renewable energy, control 
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71-PM6 Solar Energy Profiles for a Blockchain-based Energy Market 

Ameni Boumaiza 

Qatar Environment and Energy Research Institute Qatar 

Abstract—A new role known as an energy prosumer is created when distributed energy generation is 

established through home and commercial PV applications. This eliminates the conventional 

distinction between energy producers and consumers. Blockchain technology automates direct energy 

transactions within a distributed database architecture based on cryptographic hashing and 

consensus-based verification, consumers, prosumers, offering energy, and utilities with a unique, 

affordable and safe energy-trading solution. The goal of this study is to deploy a general ABM 

simulation framework for electricity exchange and illustrate the predicted households' power profiles 

as well as the functionality of any blockchain process (see Figure. 1). For a Transactive Energy (TE) 

type Distributed Energy Resources (DER) within the ECCH microgrid that is dependent on 

blockchain engineering, an original version of a robust multi-agent structure was built and simulated. 

Recent blockchain-based LEM proposals use auction systems to balance supply and demand in the 

future. As a result, these blockchain-based LEMs depend on precise short-term projections of the 

energy output and consumption of specific households. Such precise estimates are frequently just 

taken for granted. This assumption was put to the test in the current study by first assessing the 

forecast accuracy that can be achieved for specific households using cutting-edge energy forecasting 

techniques, and then by analyzing the impact of prediction errors on market outcomes in three 

different supply scenarios. Although an LSTM model can produce reasonably low forecasting errors, 

the evaluation revealed. The prediction procedure will be adjusted to the configuration of an LEM 

built on a blockchain. Therefore, the current research stands out significantly from earlier experiments 

that make a complete attempt to estimate the time sequence of smart meters in general. 

 
Keywords—blockchain, short-term energy forecasting, long short-term memory (LSTM), market 
mechanism, market simulation. 

 

 

34-BM1 Analysis of Body Surface Temperature Data Based on Wavelet Transform for 

Detection of Optimal Insemination Phase in Cattle 

Kansei Matsumoto*, Tatsuya Komatsu, Ryotaro Miura**, Hidetoshi Oya, Yoshikatsu Hoshi 

Tokyo City University, **Nippon Veterinary and Life Science University, Tokyo City University, 

Japan 

 

Abstract—In this paper, biological data (body surface temperature) is analyzed so as to develop 

prediction systems for artificial insemination phase of cattle. First of all, scalograms obtained by 

applying the continuous wavelet transform to body surface temperature data is calculated, and next 

NSIα (Normalized Spectrum Index with degree α) can be generated by using scalograms. On the basis 
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of NSIα, feature parameters related to the artificial insemination phase are extracted. These occur in 

the interval −2.6 to −0.79[day] before ovulation and at similar times among same individuals. 

 
Keywords—optimal artificial insemination phase, continuous wavelet transform, NSIα, feature 
parameters 

 

 

54-BM2 A Force-Sensing Semi-Automated Robotic Needle Driver for Minimally Invasive 

Surgery 

Armin Ehrampoosh*, Bijan Shirinzadeh, Joshua Pinskier**, Julian Smith, Randall Moshinsky, 

Yongmin Zhong 

Monash University, **CSIRO, RMIT University, Australia 

 

Abstract—Teleoperated robotic surgery systems have enhanced surgical operations’ efficiency. 

However, these systems have limitations, such as lack of force feedback to the surgeon and 

complicated manipulation for tasks such as suturing. In this paper, a force-sensing instrument is 

presented with a robotic needle driver that facilitates suturing. A rotating degree of freedom (DOF) 

enables the cable-driven end-effector to insert the needle through its curvature. Moreover, an indirect 

force estimation approach was developed to approximate the needletissue interaction force. A 

mapping between robot sensors’ data and target interaction force was created using a data-based 

model. Next, experimental evaluations of the proposed instrument were conducted. According to the 

experimental results, the generated trajectory had a root mean square error (RMSE) of 0.59 mm and 

the accuracy of the force estimation model was 0.21N RMSE. In conclusion, these results demonstrate 

the potential of the proposed instrument for bilateral control systems. 

 
Keywords—robotic-assisted minimally invasive surgery(RAMIS), force measurement, data-based 
force model, medical instrumentation 

 

 

51-RE4 Single-phase VSM based on dq coordinate 

Hang Yin 

Tel Aviv University, Israel 

 

Abstract—Virtual synchronous machines (VSM) is a threephase grid friendly inverter with widely 

used in microgrids. This paper proposes a single-phase VSM with a single-phase park transform unit 

(SPPTU). the SPPTU can perform park transformation on the single-phase current and voltage signals 

to obtain the dq components of the current and voltage signals and offer a dq coordinate system for the 

single-phase VSM algorithm. The results after the calculations of the electromagnetic torque Te, 
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active power P and reactive power Q in VSM algorithm based on this dq coordinate system do not 

have the second harmonic component. Thence, the algorithm in the single-phase VSM with SPPTU 

can delete the second harmonic filter compared to the old algorithm of single-phase VSM without 

SPPTU, and improve the control accuracy furthermore. The single-phase VSM is based on paper [5] 

introduced in Section I with improvements, so it also includes fast current loop proposed by the paper. 

We present the performance of the novel features of single-phase VSM through a series of simulations. 

In addition, we also present the design of the current controller. The results show that the single-phase 

VSM leads to a performance as good as the VSM from [5] in terms of output active power oscillations 

and stability. 

 
Keywords—synchronverter, single phase, park transform 
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37-ID1 Combining Miryoku Engineering and Evaluation Grid Method Explore Wireless 

Headphone Design Appealing Factors 

Ming-Yen Hsieh*, I-Chen Wang 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract —Among the many electronic products, wireless Bluetooth headset is one of the products 

preferred by young people in recent years, and its large sales volume makes researchers interested in 

the factors affecting the sales volume of the products. In this study, the evaluation grid method (EGM) 

in the field of Miryoku engineering can be used to standardize the user's preferred style and 

corresponding design features through production image cards, expert interviews, KJ method, 

questionnaire surveys. After the quantitative I-category analysis of the EGM, the shape characteristics 

of consumers' preferences for wireless headphones can be standardized. and it is found that consumers 

have a higher preference for "Streamlined Overall", "Rounded Edges", and "Single and bright color", 

so these features can be defined as the most appealing features of wireless headphone for 18-25 years 

old consumers. The results of this analysis can be used as a reference for the designers to suggest the 

design specifications. 

 
Keywords—miryoku engineering, evaluation grid method, bluetooth wireless headphone. 
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67-AM18 Development of a Senior-Friendly Foldable Wheelchair Using Design Thinking 

I Jen Sung, I-Chen Wang*, Ting Hsien Lu, Ming-Yen Hsieh 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—Wheelchairs are a common mobility assistive device for seniors. However, the users who 

have an inability or difficulty in folding them find it challenging to move over long distances. To 

address this issue, in this study, we used design thinking to develop a senior-friendly, foldable, 

front-rear wheelchair by utilizing a parallel-crank mechanism. Field tests indicate that the wheelchair 

exhibits fast foldability and has lighter weight and smaller size compared to existing state-ofthe-art 

designs. Furthermore, it can be placed into the trunk of a small recreational vehicle, and is suitable for 

a wide range of venues and conditions. The research findings can serve as a reference for designers of 

wheelchairs and foldable devices. 

 
Keywords—seniors, foldable wheelchair, design thinking 

 

 

69-PM5 Autonomous Boundary Detection Using Image Recognition for Robotic Lawn Mower 

Meng-Huai Wu, Chia-Wei Chang, Jyh-Cheng Yu* 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—Most robotic lawnmowers adopt buried metal wires to define their working area, which is 

labor and timeconsuming. This study applies the fusion of multiple sensors, including an inertial 

measurement unit (IMU), wheel encoders, light detection and ranging (LiDAR), and an RGB-D 

camera, to automatically detect the boundary of the lawn and construct the navigation map. Visual 

simultaneous localization and mapping(vSLAM) are adopted based on an RGB-D camera. For the 

boundary pavement or obstacles lower or similar to grass height, a support vector machine (SVM) is 

applied to identify boundaries and obstacles and establish the augmented Octomap with virtual walls. 

A set of image processing methods is proposed to lower the computing load of the embedded system 

and transfer the image data into point cloud data to construct the navigation map. The robot operating 

system (ROS)-based control system of the prototype was built using the embedded system (Jetson 

Nano, NVIDIA; Santa Clara, CA, USA) and control boards (ARM STM32, STMicroelectronics; 

Geneva, Switzerland). The proposed method could be further used in the process of map construction 

and navigation. 

 
Keywords—pixel-based classification, laser scan, point cloud, lawn boundary detection, SVM 
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73-PS2 Spectral Measuring System Based on Photoluminescence for CIGS Solar Panels 

Ming-Fu Chen*, Chun-Chieh Lien, Chih-Hao Lin 

National Applied Research Laboratories, Taiwan 

 

Abstract—In the article, a spectral measuring system based on photoluminescence is proposed to 

monitor manufacturing quality of CIGS solar panels. A lighting device with high luminance (about 

40K Lux.) composed of structured LEDs was developed to excite photoluminescence of thin film 

solar panels. A spectral detection module composed of 8 spectrometers and optical fibers was 

developed as well to acquire the photoluminescence excited by the lighting device. The spectral 

measuring system was integrated and has been tested successfully for quality measurement of CIGS 

solar panels. Test results based on spectrum distribution of photoluminescence indicated that the 

quality of solar panels can be inspected correctly. Then the manufacturing parameters and conditions 

of equipment can be adjusted accordingly to improve the quality of solar panels. 

 
Keywords—photoluminescence, spectral inspection, AOI, CIGS solar panel. 

 

 

48-ID2 Gasoline-electric hybrid propulsion system with synchronverter 

Hang Yin 

Tel Aviv University, Israel 

 

Abstract—Unmanned aerial vehicle (UAV) has been a hot topic in the aerospace field. The virtual 

synchronous machine (VSM) is a power electronic converter with the dynamic characteristics of the 

traditional synchronous machine. Synchronverter is a kind of VSM with dynamic reproduces of the 

traditional synchronous generator (SGs) and has a wide range of applications in distributed generation 

systems and microgrids. This paper reviews the existing and current developments of UAVs and 

introduces the Gasoline-electric hybrid propulsion system (GEHPS) for UAVs. The advantages and 

disadvantages of the three configurations of GEHPS are discussed. And the series GEHPS is selected 

as the research topic in this paper. The feasibility of using the synchronverter as a permanent magnet 

SGs rectifier for a series-connected GEHPS is then explored. We demonstrate the performance of our 

AC-DC converter through a series of simulations and compare it to the performance of currently 

existing systems. The results show that the new synchronverterbased converter enables the DC bus 

voltage to have better performance in terms of output active power oscillation and stability. 

 
Keywords—unmanned aerial vehicle, synchronverter, gasoline-electric. 
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12-AM5 Development of a Robotic-Machining based Variable Cutting Force Servo System for 

Casting Scrap Removal 

Yi Kai Wang, Chi-Ying Lin* 

National Taiwan University of Science and Technology, Taiwan 

 

Abstract—This study develops a variable cutting force servo system to improve the safety and 

efficiency of a semi-finish machining process related to removing casting scraps. When the casting 

workpiece mounted on the robot manipulator feeds to the cutting tool system mounted on the ground, 

the desired reference cutting force command will be generated using a cutting force model and scrap 

size results measured by a laser scanner. Aluminum alloy 5052 workpieces with scrap profiles based 

on the casting parts of bicycle front forks are adopted in robotic machining experiments and the 

cutting force model is approximated as a piecewise linear stiffness function. Experimental results 

demonstrate that using the proposed variable force servo system for robotic machining can 

substantially improve the scrap removal performance while ensuring no over-cutting. 

 
Keywords—robotic machining, casting scrap removal, variable cutting force servo system, cutting 
force model 
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23-AM9 Improved Trigger Time of Force Sensorless Power-Assisted System based on Fuzzy 

Logical Strategy and EMG Signal 

Po-Wen Hsueh*, Tien-Min Kao, Jian-Hua Wu, Tung-Kuan Liu 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—This paper aims to enhance the trigger time of the force sensorless power-assisted system 

based on fuzzy logical design and electromyogram (EMG) sensing information. The disturbance 

observer integrated into power-assisted systems is a recently conventional method for developing the 

force sensorless power-assisted system (PAS). However, the behavior of conventional observer 

algorithm is alike low-pass filter, perhaps the time-delay is occurred by the observer algorithm. Hence, 

the improved trigger time of the force sensorless power-assisted system based on the fuzzy logical 

strategy and EMG signal has been proposed to treat the time delay of a force sensorless PAS. The 

Slope Sign Changes algorithm is utilized for processing EMG signals and extracting the feature of the 

EMG sensing information. Further, the fuzzy logic model is appropriately designed to integrate with 

EMG signal and disturbance observer. Experimental results show that the presented method can 

properly reduce time-delay of a force sensorless PAS according to the proposed fuzzy logic strategy 

with EMG signals. 

 
Keywords—force sensorless, power-assisted system, EMG, fuzzy logical control, disturbance observer

 

 

38-AM11 Intelligent Adjustment of Temperature Control Parameters Based on Deep 

Reinforcement Learning for Stretch Blow Molding Machine 

Ping-Cheng Hsieh*, Guan-Lin Su**, Yi-Te Lin**, Wei-Bo Lin 

National Changhua University of Education, **Feng Chia University, Taiwan 

 

Abstract—Stretch blow molding is the main technology used in the production of PET bottles. The 

stretch blow molding machine is usually composed of preform infeed system, transfer system, heating 

system, molding system, bottle discharge system, etc. Among them, the temperature control of the 

heating system is one of the key factors affecting the quality of PET bottle, especially in the face of 

the environmental temperature changes greatly between morning and evening in some seasons. The 

on-site operators of the stretch blow molding machine often need to adjust the infrared heating lamps 

in the heating system several times. The adjustment process is highly dependent on experience of the 

personnel. It has become a production challenge for the bottle manufacturers. Therefore, this paper 

takes the heating system of the stretch blow molding machine as the object and uses the deep 

reinforcement learning method to develop an intelligent adjustment technique of temperature control 

parameters. The proposed method can improve the problems such as the interference of environmental 
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temperature changes and the aging variation of infrared heating lamps. The experimental results show 

that the proposed method can adjust the temperature control parameters automatically in the heating 

process to eliminate the effect of the environmental temperature change and to control the surface 

temperature of the preforms stably within ±3 ℃ of the target temperature (the requirement is within±5 

℃). 

 
Keywords—stretch blow molding, reinforcement learning, deep learning, intelligent temperature 
control 

 

65-AM17 Neural Network Feed Rate Modulation for Ball-end Milling of Inclined Surfaces 

Chen-Jung Li*, Wei Chang 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—This research proposes a feed rate modulation strategy to achieve desired surface roughness 

for ball-end milling of inclined surfaces. The system includes two main subsystems, that is, surface 

roughness prediction model and feed rate modulation model or mechanism. First, the surface 

roughness prediction model is established using a backpropagation neural network (NN). The model 

inputs include 3 cutting parameters, the inclined angle of the machining surface, and the features of 

the spindle acceleration, while the output is the corresponding surface roughness. 0° and 30° 

machining inclination angles are considered. The backpropagation NN is also adopted for the feed rate 

modulation model. The model inputs include 3 cutting parameters, the difference between the desired 

and current surface roughness (i.e., DRa), and the inclination angle of the surface, while the output is 

the modulating value of the feed rate. Finally, some case study is conducted to show that the proposed 

NN feed rate modulation strategy can provide a more suitable feed rate to achieve a desired surface 

roughness in ball-end milling of inclined surfaces. 

 
Keywords—feed rate modulation, ball-end milling of inclined surfaces, backpropagation neural 
network 

 

68-AM18 Evaluating Operationality of Human Interfaces with Reaction Force Control Using 

DP Matching 

Kairi Morita*, Seiichiro Katsura 

Keio University, Japan 

Abstract—Japan has a problem that the technique of the expert will be lost in recent year. Aging 

population causes a decrease in the talented person for inheriting the skills of the experts. In the 

conventional studies, the motion-copying system or bilateral system can save and reproduce the 
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technique of the experts. However, there is a problem of the operationality. In these systems, the 

operator cannot operate the system as desired, because the inertia of the manipulator has a significant 

impact on the operationality. To solve this problem, we propose a new reaction force control system. 

Also, Dynamic Programming is used to demonstrate the usefulness of the proposed method and 

compare the proposed, conventional system, and no manipulator. 

 
Keywords—force control, human interface, acceleration control, operationality 

 

 

75-AM20 Analysis of Internal Temperature Variations of Lithium-Ion Batteries During Fast 

Charging 

Nessa Fereshteh Saniee*, Nithin Somasundaran, Begum Gulsoy, Tim Vincent, Mark Amor-segan, 

James Marco 

University of Warwick, UK 

 

Abstract—One of the major challenges that limits the fast charging of Lithium-ion batteries is Lithium 

(Li) plating at low temperatures. To reduce Li-plating an increased environmental temperature is 

commonly used. However, the uncertainties in the measurement of key battery internal states such as 

temperature, is a limiting factor to find the best fast charging profile that considers battery 

performance, degradation, and safety of the electric vehicles (EVs). We have used our state-of-the-art 

instrumented cells equipped with internal data acquisition and microcontroller, forming smart cells, 

that enable sensor data to be transmitted via a USB to a data logger. We demonstrate here that 

commercially available 21700 format cells were successfully instrumented and gave direct 

information on internal temperature for continuous fast charging rates from C/2 to 2.5C. The internal 

temperature was found to be considerably higher than that of the surface of the cell (between 10 and 

14°C at 2.5C charge rate). A gradient of up to 2°C was found between the positive and negative end of 

each cell that became more prominent for higher charge rates. Li-plating was detected for all C-rates 

below 25°C even though, the internal temperature rose above 30°C when the cells were charged at 

2.5C with an ambient temperature of 0°C. At a higher ambient temperature of 40°C, the cell’s internal 

temperature rose (to ~62°C) beyond the safe limits defined by the manufacturer’s datasheet whilst the 

external temperature recorded (~52°C) was within the manufacturer’s defined safe operating limits. 

 
Keywords—fast charging, li-ion battery experimentation, cell instrumentation, cell temperature 
sensing, li-plating 
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05-HR1 Developing a robot arm control training system by using blockly programming 

techniques for mechatronics engineers-in-training 

Albert W. L. Yao*, J. T. Guo, Y. T. Chiang 

National Kaohsiung University of Science and Technology, Taiwan 

Abstract—In this paper we applied the Blockly programming techniques to develop a robot arm control 

training system for engineers-in-training. With the fast growth of Industry 4.0, the use of robot arm control 

devices becomes more common. These kind devices usually rely on high-level language programming 

techniques to achieve the task. However, it is very challengeable and time-consuming to young engineers. 

With the availability of Blockly programming techniques and its function of automatic translating control 

logic to high-level language, we adopted the ADDIE instructional design model including Analysis, 

Design, Development, Implement, and Evaluation, to construct a digital learning of competence-based 

course of intelligent automatic control system for techniques and talents training. The results show that: 

(1)Blockly programming techniques are able to increase the efficiency of intellectual automatic control 

system integration and programming; (2)ADDIE instructional design model guides to construct the 

curriculum and materials to meet industrial functions smoothly; (3)PBL-based lectures is able to train 

young control engineers to integrate intellectual automatic systems easily and successfully. 

 
Keywords—blockly programming techniques, competence-based program, PBL-based learning 
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07-AM3 A New LMI-Based Non-Iterative Design Method for Static Output Feedback 

Controllers for Linear Systems 

Hidetoshi OYA*, Satoshi HAYAKAWA, Shunya NAGAI**, Kazushi NAKANO 

Tokyo City University, **National Institute of Technology (KOSEN), Niihama College, 
The University of Electro-Communications, Japan 

 

Abstract—This paper presents a new non-iterative LMI-based design method for static output 

feedback controllers for linear systems. The proposed design method is based on the well-known 

necessary and sufficient condition for the existence of the static output feedback control for linear 

systems. In this paper, we show the new non-iterative LMI-based design procedure for static output 

feedback controllers for linear systems, and the effectiveness of the proposed controller design 

approach is shown through a simple numerical example. 

 
Keywords—static output feedback control, non-iterative design approach, LMIs 

 

 

08-AM4 Model Predictive Control for Stabilization of Underwater Vehicle Dynamics 

Yusei Fujiwara*, Tomoaki Hashimoto 

Osaka Institute of Technology, Japan 

 

Abstract—Autonomous underwater vehicles are expected to be used for various work assignments. 

The large variety of applications of underwater vehicles motivates researchers to develop control 

systems and technologies for autonomous underwater vehicles. Model predictive control is a kind of 

optimal feedback control in which the control performance over a finite future is optimized and its 

performance index has a moving initial time and a moving terminal time. This study focuses on the 

stabilization problem of unstable underwater vehicle dynamics. The objective of this study is to 

propose a model predictive control for stabilization of underwater vehicle rotational dynamics. This 

paper provides a numerical solution method based on so-called C/GMRES algorithm to solve the 

model predictive control problem for stabilization of underwater vehicle nonlinear dynamics. The 

effectiveness of the proposed method is verified by numerical simulations. 

 
Keywords—model predictive control, stabilization method, underwater vehicle, nonlinear dynamics. 
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46-AM15 The CCD-Algebraic Algorithm to solve the inverse kinematic and control the 

rotation of 6-DOF redundant manipulator in three spatial dimensions 

Duc Thien Tran, Trong Luong Tran*, Minh Tri Duong, Hoang Vu Dao**, Kyoung Kwan Ahn** 

Ho Chi Minh City University of Technology and Education, Vietnam, **University of Ulsan, South 

Korea 

 

Abstract—This paper presents a new method to solve the inverse kinematics problem of a 

hyper-redundant manipulator. Redundant resolution is a critical problem in the control of robotic 

manipulators. Forward kinematics of the 6 DOF redundant manipulator has been performed through 

Denevit and Hartenberg method. This article identifies a limitation of the existing CCD solution for 

solving inverse kinematics, i.e., the uncontrollable direction of the end effector. A new algorithm 

based on the cyclic coordinate descent (CCD) and named CCD-Algebraic is proposed to handle this 

drawback and solve inverse kinematic. The end-effector's position is wholly managed with the cyclic 

coordinate descent (CCD), but it is adapted to uncontrollable rotation trajectories. With 

CCD-Algebraic, a rotation matrix of end-effector is attached to the position matrix of a lower 

hierarchical joint. Precisely, the position of the joint will determine both of position and rotation of the 

higher hierarchical joint. The proposed approach is applied in a three-dimensional (3D) space and can 

deal with many degrees of freedom. In addition, it has been used to perform continuous trajectories in 

MATLAB SIMULINK. Simulation results verify the strength of the proposal algorithm – simple, 

precise, and computationally efficient. 

 
Keywords—redundant manipulator, inverse kinematics, algebraic method, cyclic coordinate descent, 
coordinate descent algorithms 

 

 

76-PS3 Modeling and Feedback Linearization of an Electric Hovercraft for Path Tracking 

William Retnaraj*, Somnath Sengupta, Truong Quang Dinh**, Jun Jie Chong 

IIT Kharagpur, India, **University of Warwick, UK, Newcastle University in Singapore, Singapore 

 

Abstract—Typical hovercraft are nonlinear multi-input-multioutput underactuated systems. For 

problems such as path tracking, simple linear controllers that are effective are found to be inadequate 

in performance and are difficult to tune due to the nonlinear behavior. While feedback linearization is 

a good compromise between using them and complex nonlinear controllers, underactuatedness 

prevents the hovercraft from being fully feedback linearizable due to insufficient control input 

directions. An electric hovercraft system with an alternative four fan configuration has been suggested 

in this work, with special emphasis on achieving input-output feedback linearization for the path 
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tracking problem. The nonlinear system has been modeled from first principles followed by the 

application of feedback linearization to it, and subsequent path tracking using simple linear controllers. 

Results were obtained in the presence of wind modeled as a stochastic process, and satisfactory path 

tracking was achieved for an arbitrary path. 

 
Keywords—nonlinear systems, hovercraft, feedback linearization, modeling, path tracking, electric 
vehicles 

 

 

21-AM8 Steering Control of a Legged Walking Machine Composed of Many Leg Mechanism 

Units with 1DoF 

Nobuyuki Iwatsuki*, Soichiro Shikanai, Takuya Miyazaki 

Tokyo Institute of Technology, Japan 

 

Abstract—Centipede-type multi-legged robots can traverse rough terrain and are expected for disaster 

rescue operations. However, too many actuators make robots large and heavy, and make their control 

systems complicated. To solve these problems, the authors have developed a centipede-type robot 

which is composed of many leg mechanism units with a planar 4-bar link mechanism connected with 

passive revolute joints and have proposed a new control scheme to steer the robot with only phase 

difference between units. In this paper, the turning motion of the robot is accurately measured with an 

angular velocity sensor and an optical motion capture system. The measured results reveal that the 

proposed control scheme is correct on the turning direction while the measured turning radius is larger 

than that calculated with the proposed control scheme. 

 
Keywords—centipede robot, legged robot, planar linkage, turning gait, motion capture 
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27-IT7 Deep Convolutional Neural Network based Fabric Color Difference Detection 

Chao-Ching Ho*, Chao-Wei Yu 

National Taipei University of Technology, Taiwan 

 

Abstract— Image processing and statistical methods can quickly and accurately locate chromatic 

aberration defects. However, it becomes necessary to adjust the detection standard individually for 

different imaging equipment. Therefore, this study uses deep learning to solve the problem of a single 

applicable scene and achieves a continuous learning effect. This research innovatively develops an 

image transfer deep learning algorithm for the changing imaging environment. Two fabrics of the 

color green and blue, three scanners (Two HP scanners and One Epson scanner) with different 

configurations are used as different imaging environments to demonstrate the solution. The fabrics are 

scanned using these three scanners and the resultant image is labelled and then used to train three 

different neural networks. To eliminate the dependency of these neural networks on the imaging 

environment, a commercially available color calibration card is used on the three different scanners. 

Multiple neural networks are trained using these images to transfer the color blocks between different 

scanners. This enables fabric images gathered from a scanner to get converted to another scanner, such 

that it can be used for prediction by models trained on different scanners. Interactive experiments 

confirm the general application of this method. The experimental results show that within the same 

scanner model, the average predicted Intersection over Union (IoU) of the transfer result can be 

increased from 62.79% to 86.36%. If the scanner model is different, the image standard deviation is 
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transferred from a scanner with a small image standard deviation to a large image standard deviation. 

The transfer results, the average predicted IoU increase from 38.65% to 86.64%. If the image standard 

deviation was transferred from a scanner with a large image standard deviation to a small image 

standard deviation, the predicted average IoU of the transfer result increases from 38.30% to 75.83%. 

 
Keywords—deep convolutional neural networks, defect detection, automatic optical inspection, digital
image processing, color difference detection 

 

 

28-IT8  Nozzle Pressure and Clamping Force Based Injection Molding Process Parameter 

Optimization and Adaptive Process Quality Control 

Guan-Yan Liou, Feng-Jung Cheng*, Wei-Jie Su**, Sheng-Jye Hwang, Hsin-Shu Peng**, Hsiao-Yeh 

Chu 

National Cheng Kung University, **Feng Chia University, Kun Shan University, Taiwan 

 

Abstract—The parameter setting will decide the quality of the injection molded product. The quality 

of injection molded parts may be altered by environment changes, different material batches and 

improper processing parameter settings etc., resulting in unstable product quality in the long-term 

production process. This research aims at machine tooling and established a science based standard 

process parameter setting process for injection molding machine based on the least sensors, so that the 

production process is stable even without the use of the adaptive process control system. This study 

define the appropriate velocity to pressure (V/P) switchover point, injection speed and packing 

pressure according to the characteristics of the nozzle pressure, and define the appropriate clamping 

force by the peak value of the clamping force. The next step is to combine the sensors with an 

adaptive process control system to minimize product weight variation and stabilize product quality. 

Finally, experiments were carried out with different materials to verify the effectiveness of the system 

and to be suitable for different machines, and to prove the feasibility of industrialization. 

 
Keywords—injection molding, nozzle pressure, clamping force, scientific standard parameter process, 
adaptive process control system 

 

 

29-IT9  Rack Inlet Temperature Prediction Based on Deep Learning 

Yu-Hsuan Peng, Chien-Ming Lee*, Kai-Yang Tung, Rongshun Chen** 

Inventec Corporation, **National Tsing Hua University, Taiwan 

 

Abstract—Improving the cooling efficiency of a data center becomes important due to the cooling 

power reaches one-half of total power budget in operating the data center. The major cause of 

inefficient cooling is the poor airflow management resulting in cold air bypass and hot air 

recirculation. Basically the architecture of airflow management includes the separation of cold aisle 
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and hot aisle and raised floor with perforated tile. The cold air is generated by the Computer Room Air 

Conditioning (CRAC) unit and is delivered to the server rack through the perforated floor. To avoid 

hot air recirculation, an active tile is used to enhance the airflow in a specific location where the flow 

resistance is larger than the others. The priority of the airflow control is to eliminate hot spot owing to 

the hot air recirculation such that the control strategy is conservative. Recently many studies pay 

attention to real-time temperature prediction by utilizing airflow model to improve the control 

performance of the airflow. However, the derivation of airflow model suffers the difficulty from the 

airflow measurement. Therefore, this research aims at the development of deep learning model for 

predicting the inlet temperature distributions in real time for use in control strategies in order to 

improve energy usage dynamically. A rack tested system was established for the validation of the 

temperature prediction by using deep learning. In this paper we define the workload schedule of the 

rack to collect the training data and the GRU recurrent neural network model is used to develop the 

temperature prediction model. The experimental results show that the prediction model can predict the 

inlet temperature at a root mean square error of 0.29℃. 

 
Keywords—energy efficiency, hot spot, temperature prediction, deep learning, recurrent neural 
network 

 

 

30-IT10 Time series prediction for thermal management in server applied with deep learning 

Hsin-Cheng Chu*, Chien-Ming Lee, Kai-Yang Tung, Rongshun Chen** 

Inventec Corporation, **National Tsing Hua University, Taiwan 

 

Abstract—The portion of cooling power reaches up to one third of total power budget in the operation 

of data centers. Recently researchers pay more attention on thermal management for improving energy 

efficiency in the data centers as well as the servers. To the best of existing literatures, the complex 

interactions of cooling and heating resources is the main problem encountered in the design of server 

fan control. Moreover, to achieve better control performance, the thermal information of time series 

should be taken into account as well. Therefore, this work proposes time series prediction of server 

temperatures by utilizing two multivariate time series prediction models, named MTSMFF and MsA. 

An automatic data acquisition system has been designed for collecting massive scale dataset. To 

ensure the robustness of trained results, the dataset is divided into training data and validation data. 

These two models are trained with the training data, and MsA provides the best performance in 

accuracy with the validation data. The experimental results show that the time series prediction of 

MsA performs splendidly for the trend of the server temperatures. 

 
Keywords—multivariate time series prediction, server thermal prediction, deep learning 
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33-IT15 A lightweight design of 5G private network with edge computing 

Chuan-Sheng Lin 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—The 5G private networks had been a popular technology in industry applications. There are 

many solutions for edge computing in 5G private network. But the cost and complexity of system are 

very high. These solutions are not suitable for simple scenarios. In this paper, we proposed a 

lightweight architecture of 5G private network with edge computing. The industries can use the 

architecture to build a un-complexity and easy maintain 5G service for manufacturing automation, etc. 

 
Keywords—5G, edge computing, industry 

 

 

39-IT12 Image Tracking and Prediction of Offshore Tsunami with Particle Filters 

Miin-Jong Hao*, Wen-Xin Hsu 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—In this paper, a particle filter based estimation and tracking method is developed as the 

auxiliary system to determine the trajectory of the float ball on offshore for tsunami detection. The 

computer vision techniques combined with the particle filtering algorithm have been successfully 

applied to the detection and recognition of a rapid moving object. For the nonlinear dynamics of 

tsunami, the trajectory tracking and detection of the tsunami is carried out by means of the camera 

image of floating balls on offshore. The round frame will be set up and the weight of each particle will 

be evaluated according to the assigned color values and the similarity degrees between particles are 

calculated following the prediction, updating, and resampling processes. Gradually the centroid of 

particles is recalculated after the resampling process that will close to the true object trajectory. 

Compare the updated trajectory to the reference level, an abnormal rise of the sea level can be 

detected and the tsunami warning can be issued such that people on coastal would be evacuated in 

time. Our simulation results show that the proposed algorithm is effective in detection and tracking the 

approaching waves of rapid rising. 

 
Keywords—tracking, particle filter, tsunami prediction, image tracking, float ball 
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14-AM6  Analyzing Continuous Conduction Mode Closed-Loop DC-DC Buck Converters 

with A Linear Method 

Shih-Hsiung Twu, Li-Shan Ma* 

Chung Yuan Christian University, Taiwan 

 

Abstract—In this paper, we will study the period 1 dynamics of the closed-loop dc-dc buck converters 

operating in continuous conduction mode (CCM) by a new theoretical method which is based on the 

state sequence flow charts proposed by the authors. In our investigation, the derived exact solutions of 

open-loop converters in CCM can be applied to analyze the period one dynamics of the closed-loop 

dc-dc buck converters when the feedback dynamic criterion is met. By this criterion equation, the 

switching time can be solved with numerical method faster. By this determined switching time, steady 

state time waves of closed-loop dc-dc buck converters operating in CCM can be calculated directly by 

open-loop derived exact solutions without transition simulations. Output ripple and average output 

voltages can be calculated within a period time simulations. The benefits of our study will provide a 

brand-new and precisely point of view to analyze DC-DC converters. 

 
Keywords—buck converter, dc-dc converter, continuous conduction mode (CCM), circuit modeling, 
closed-loop system, state sequence flow chart 
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36-AM10 Force Observer-Based Admittance Control Design for Robot Manipulators 

Hoang Vu Dao*, Kyung Sin Kwak, Kyoung Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—This paper proposed a novel admittance controller for robot manipulators suffering from 

nonlinear dynamics and force disturbances without contact force sensors. A nonlinear observer is 

designed to simultaneously estimate both contact force and unmeasurable joint velocities. These 

estimated values are fed back to the model-based admittance control framework which includes the 

outer admittance control loop and inner position control loop. Simulation with a 

twodegree-of-freedom (2-DOF) manipulator is conducted to verify the effectiveness of the proposed 

algorithm. 

 
Keywords—admittance control, force sensorless, robot manipulator. 

 

 

55-AM16 Optical Design of Remote Sensing Catadioptric Telescope for CubeSat 

Yi-Chin Fang**, Sheng-Feng Lin*, Yu-Ting Huang** 
**National Kaohsiung University of Science and Technology, National Space Organization, Taiwan 

 

Abstract—The development trend of Space technology has become the explicit topic of discussion in 

recent years. Plenty of organizations has actively implemented the space program nowadays to 

cultivate talents, and establish cutting-edge technologies. Based on the improvement and 

completeness of miniaturization technology, the design of miniaturized satellite(CubeSat) has been 

greatly simplified and the cost has been reduced. It is planned to be implemented as the pilot design 

for the imaging resolution of 8 m/pixel ground sampling distance(GSD) remote sensing telescope for 

the volume of 2U CubeSat project, indicating that there are plans to further study of remote sensing 

instrument (RSI) in this presentation. Therefore, the focus will be on the optical design of CubeSat 

RSI telescope lenses. 

 
Keywords—micro-satellites, optical design, space lenses 

 

 

53-PS1 A computer-vision-aided quality control measuring system 

Bor-Tsuen Lin, Chun-Chih Kuo, Bo-Yun Hou, Chia-Hung Chang* 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—During the rapid change to Industry 4.0, the importance of data collection has become one 

of the affecting factors. Monitoring and failure prediction can be conducted by executing data 

collection during quality control. However, the costs of using dedicated sensors and instruments for 
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data collection are hardly acceptable for SMEs during industry 4.0 transformation. The paper 

proposed a computer-vision-aided quality control measurement system consisting of a computer 

vision module, wireless measurement instrument, measurement/data collection module, and database. 

In the quality control process, the data is collected through wireless measurement instrument and 

measurement/data collection module, and the computer vision module confirms the data's correctness. 

Finally, all data is stored in the database for data connection with other applications. 

 
Keywords—computer vision, quality control, wireless instrument 

 

 

74-AM19 Optomechanical Design of a Korsch-type Three Mirror Anastigmat Telescope 

Yu-Chuan Lin*, Po-Ming Lin, Ming-Fu Chen 

National Applied Research Laboratories, Taiwan 

 

Abstract—An integrated optomechanical design technique to predict the optical aberration of a 

Korsch-type three mirror anastigmat (TMA) telescope is presented. This approach mainly utilizes the 

finite element method (FEM) combined with Zernike polynomials for optomechanical analysis. The 

results show that the method can be successfully used to predict the optical performance of large 

Korsch-type TMA telescopes under the gravity effect. 

 
Keywords—optomechanical design, optomechanical analysis, korsch TMA. 

 

 

77-IA4 Automation of Welding Bead Removal by an Industrial Robot on the Basis of Tool 

Current 

Naoki Asakawa*, Keigo Takasugi, Nobuyoshi Yamanaka**, Hiroki Mori**, Yuuki Kishimoto**, 

Toshiaki Kumgai** 

Kanazawa University, **Komatsu Ltd., Japan 

 

Abstract—The paper deals with automation of arc-welding bead removal by an industrial robot and 

grinder as a tool. A robust sensor, picking up grinding load as motor current of the tool, was developed 

considering relationship between rotational load and depth of grinding. Using the sensor, a system 

with function to detect end of grinding and to control depth of grind, was developed. From the 

experimental result, the system found effective to remove weld bead with required quality. 

 
Keywords—Industrial robot, welding, bead removal, grinder, load sensing 
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09-IA1 Nonlinear Model Predictive Control for Autonomous Flight of Aircrafts 

Hironori Masaoka*, Tomoaki Hashimoto 

Osaka Institute of Technology, Japan 

 

Abstract—Autonomous flight systems are expected to be used for aircraft flight control. Aircrafts are 

dynamical systems that contain a variety of nonlinearities and constraints. Model predictive control is 

a type of optimal feedback control in which the control performance over a finite future is optimized 

and its performance index has a moving initial time and a moving terminal time. Nonlinear model 

predictive control method is known as one of the most successful control methodologies because it 

enables control performance to be optimized while taking nonlinearities and constraints into account. 

This study focuses on the control design problem of aircraft flight dynamics. The objective of this 

study is to propose a model predictive control for autonomous flight of aircrafts. This paper provides a 

numerical solution method based on so-called C/GMRES algorithm to solve the model predictive 

control problem for autonomous flight of aircrafts. The effectiveness of the proposed method is 

verified by numerical simulations. 

 
Keywords—model predictive control, flight control, autonomous flight, nonlinear dynamics. 
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32-IA2 Development of Powertrain Integrated Energy Regeneration System in Hybrid 

Hydraulic Excavator 

Tri Cuong Do*, Kyoung Kwan Ahn 

University of Ulsan, Korea 

 

Abstract—A new hybrid powertrain configuration of a hydraulic excavator which is integrated into an 

energy regeneration system to recover energy in a boom cylinder is presented in this paper. In which, a 

main pump is supplied power from both engine and an electric motor/generator. The working point of 

the engine can be adjusted by changing the speed of the electric motor/generator to maintain the 

engine in its high-efficiency region. During the moving down process, the potential hydraulic energy 

of the boom cylinder is converted to electric energy through a hydraulic motor and the electric 

motor/generator and stored in a battery. Then, during the acceleration process, the stored electrical 

energy can be discharged to the electric motor/generator (motor mode) to support the engine. A real 

test bench is fabricated to validate the advantage of the proposed powertrain. The experiment results 

indicated that the energy regeneration efficiency could reach up to 37%. 

 
Keywords— hydraulic excavator, hybrid powertrain, energy regeneration system 

 

43-IA3 Surface Finish of Stainless Mold Steel Using Vibration-Assisted Ball Polishing Process 

Fang-Jung Shiou, Zhao-Li Ding, Sun-Peng Lin* 

National Taiwan University of Science and Technology, Taiwan 

 

Abstract—The objective of this research is to develop an ultrasonic vibration assisted ball polishing 

process on a threeaxis CNC machining center, in order to improve the surface roughness of a 

STAVAX plastic mold stainless steel and to reduce the volumetric wear of the polishing ball. The 

suitable plane surface ball burnishing and vibration-assisted spherical polishing parameters have been 

determined by conducting the Taguchi’s L9 and L18 matrix experiments and the verification 

experiments, respectively. The optimal ultrasonic vibration-assisted polishing parameters were as 

follows: the amplitude of 10μm, the frequency of 23 KHz, the spindle speed of 5,000 rpm, the 

abrasive diameter of 0.3 μm , the feed rate of 60 mm/min, the stepover of 20 μm, the depth of 

penetration of 180 μm, the abrasive concentration of 1:10, based on the experimental results. The 

surface roughness of the polished test specimens could be improved from the burnished surface 

roughness Ra 0.122μm to Ra 0.022μm. The improvemnt of the volumetric wear of the polishing ball 

was about 62.5 % using the vibration-assisted polishing process compared with the non-vibrated 

polishing process. 

 
Keywords—ball burnishing, vibration-assisted ball polishing, Taguchi’s experimental method, surface 
roughness, volumetric wear. 
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78-ST5 Advanced Control Strategies for High Performance Four Wheel Drive Electric Vehicle 

Rohit Dhamija, Souvik Basak, Abhishek Singh*, Somnath Sengupta, Truong Quang Dinh**,  

Dr Jong Il Yoon 

Indian Institute of Technology (IIT), India, **University of Warwick, United Kingdom, 

Korea Construction Equipment Technology Institute, Korea 

 

Abstract—As the adaptation of electric vehicles is the future of transportation, there is a significant 

need to develop control strategies for electric vehicles. To improve the stability of electric vehicle 

having multiple motors, during critical maneuvers and conflicting environmental conditions, torque 

vectoring becomes very essential. Also, small in-wheel motors occupy less space and give more 

freedom for control allocation. An EV with four in-wheel motors has been chosen in this paper to 

investigate the implementation of a torque vectoring control scheme based on Nonlinear Model 

Predictive Control (NMPC).This control scheme, while considering constraints, ensures the vehicle 

stability along with objectives such as tracking desired yaw rate, total torque demand, reference lateral 

acceleration, and minimizing the rate of change of consecutive torque inputs. But the implementation 

of such system dynamics using a high fidelity model of the vehicle is itself very complex and requires 

huge computation speed and small timesteps due to which this paper proposes simpler state space 

equations for implementation of control oriented model which leads to obtaining satisfactory results 

corresponding to the desired objectives. 

 
Keywords—EV, NMPC, 4WD, torque vectoring 

 

 

62-IT13 Thermal Error Prediction of Ball Screws Based on Partial Least Square Method with 

Consideration of Friction Works 

Chien-Hsiang Hung*, Meng-Shiun Tsai, Mao-Qi Hong, Yu-Hung Wang, Wen-Fang Chen** 

National Taiwan University, **Precision Machinery Research & Development Center, Taiwan 

 

Abstract—In this paper, thermal error based on Partial Least Square (PLS) method is proposed. This 

algorithm has the capability of feature extraction, and also has robust prediction accuracy for various 

working conditions. In order to improve the accuracy of the model prediction, the work dissipated by 

friction is integrated to the model which aims to provide operation information during manufacturing. 

Therefore, the model framework has to be modeled in segments which could simulate the theoretical 

modeling approach. In addition, the prediction accuracy is also improved by adding the thermal 

displacement of the rear end of screw as another new feature using the eddy current sensor. 

Considering the actual application in the real world, the working conditions are designed for the actual 

machining situation. The results show that the prediction accuracy is improved by adding the new 
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features and the model could achieve higher accuracy compared to other models. 

 
Keywords—thermal error, partial least square, work of friction 

 

 

66-IT14 Low-cost and sustainable Pick and Place solution by machine vision assistance 

Elven Kee*, Chong Jun Jie, Choong Zi Jie, Michael Lau 

Newcastle University Singapore, Singapore 

 

Abstract—As one of the core applications of computer vision, object detection has become more 

important in scenarios requiring high accuracy, but limited computational resources, such as robotics 

and autonomous vehicles. It is important to note that real-world applications of object detection such 

as pickand-place solutions are typically run on a variety of platforms such as embedded system. In this 

paper, we propose an accurate and efficient object detector using Tensorflow Lite for a pickand-place 

application that is able to adapt to a wide range of resource constraints. 

 
Keywords—tensorflow lite, rfficientdet, mobilenet, object detection, pick-and-place solution. 
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in a Metal Cabinet 
Fu-Kuei Chen, Hsin-Piao Lin, Tsai-Sheng Hsu 

15:40 - 16:00 24-PM2  Comparison of Different Types of Lens for Defect Detection of Inner 
Thread Based on Deep Learning 
Lih-Ping Huang, Anh-Tuan Dang, Quang-Cherng Hsu 

16:00 - 16:20 60-PM3  Radiometric and Geometric Correction Methods for SWIR Cameras 
Ho-Lin Tsay, Chih-Hao Lin, Ming-Fu Chen, Po-Ming Lin, Chun-Chieh Lien, 
Hui-Jean Kuo 

16:20 - 16:40 61-PM4  Development of Multipoint Galvo-scan chromatic confocal surface 
microscopy for AOI 
Yu-Feng Chou, Fu-Sheng Yang, Han-Ju Tsai, Wei-Jei Peng, Ming-Fu Chen, 
Liang-Chia Chen 

16:40 - 17:00 70-RE5  Uncertainty Analysis of Effective Focal Length of Optical Measurement 
System 
Hui-Jean Kuo, Ho-Lin Tsay, Po-Ming Lin, Ming-Fu Chen 

17:00 - 17:20 72-ID4  Interferometry-aided alignment of Cassegrain optical system 
Po-Ming Lin, Yu-Chuan Lin, Ming-Fu Chen 

 

17-PM1 A Novel Approach to High Performance of RFIDBased Asset Tracking in a Metal 

Cabinet 

Fu-Kuei Chen*, Hsin-Piao Lin, Tsai-Sheng Hsu 

National Taipei University of Technology, Taiwan 

 

Abstract—Radio frequency identification (RFID) is widely recognized as one of the techniques to 

track information technology (IT) assets in the data center. However, detuning and multipath 

interference caused by the nearly all-metal environment of the data center inherently result in false 

positives and false negatives. The purpose of the study is to investigate the challenge of tracking 

assets with a handheld RFID reader in a data center and to propose a novel method to improve its 

performance. We found that the handheld approach can achieve high accuracy in the reading of tags; 

however, it is highly skilled, time consuming, and manual intensive work. The preliminary evaluation 

of the tag, the reader sweep, the discovery of the dead zone with the power mapper, and realtime 

inventory management were adopted to implement such a method. The experimental results revealed 

that the proposed method can achieve 100% accuracy performance. The findings of the study may 

serve as a guide for other RFID-based systems for static asset tracking in a metal cabinet. 

 
Keywords—detuning, multipath interference, RFID 
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24-PM2 Comparison of Different Types of Lens for Defect Detection of Inner Thread Based on 

Deep Learning 

Lih-Ping Huang, Anh-Tuan Dang, Quang-Cherng Hsu* 

National Kaohsiung University of Science and Technology, Taiwan 

 

Abstract—Due to limitations of operation space, the inspection of internal threads in mechanical 

products is problematic not only for skilled operators but also for the design of automated inspection 

systems. With the introduction of advanced vision lenses, different inspection systems are constructed, 

allowing detection and defect classification in internal threads. This paper introduces two methods to 

acquire images of the internal surface in M8 Nuts. By applying Convolutional neural networks (CNNs) 

to identify defects in the captured images, the characteristics of the two measurement systems are 

compared, providing general evaluations for the construction of vision systems using the YOLO 

algorithm for defect detection. 

 

 
Keywords—smart manufacturing, internal thread, defect detection, deep learning, convolutional
neural network 

 

 

60-PM3 Radiometric and Geometric Correction Methods for SWIR Cameras 

Ho-Lin Tsay*, Chih-Hao Lin, Ming-Fu Chen, Po-Ming Lin, Chun-Chieh Lien, Hui-Jean Kuo 

National Applied Research Laboratories, Taiwan 

 

Abstract—Due to size of sample, camera's field of view and the limitation of detection time, 

photoluminescence images of sample are captured by multiple cameras simultaneously and scans 

sample sequentially with image stitching. To ensure the smooth progress of image splicing, the 

composition cameras of each inspection machine need to perform radiometric correction and 

geometric correction. This paper presents the radiometric and geometric correction methods of these 

SWIR cameras. 

 
Keywords—radiometric correction, geometric correction, resampling 

 

 

61-PM4 Development of Multipoint Galvo-scan chromatic confocal surface microscopy for AOI 

Yu-Feng Chou*, Fu-Sheng Yang, Han-Ju Tsai, Wei-Jei Peng**, Ming-Fu Chen**, Liang-Chia Chen 

National Taiwan University, **National Applied Research Laboratory, Taiwan 
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Abstract—In the article, multipoint scanning is proposed to replace the traditional line-scanned 

strategy to maximize the scanning lateral resolution by using a microlens array with a micro-pinhole 

plate to focus the light into a multipoint structure. This optical design can outperform the current 

multipoint scanning achieved using DMD or LCoS as digitally tunable pinhole arrays. Meanwhile, 

lateral scanning using a two-axis Galvo-scan driving mechanism is proposed to achieve area 

fieldof-view covering. In addition, a new spatial conversion mechanism using an optical fiber array is 

designed to convert the two-dimensional multipoint array into a linear spectrum array for 

maximization in image acquisition. Optical system simulation and tests effectively verified and tested 

the desired measurement specification. A new multipoint full-field Galvoscan chromatic confocal 

microscope can be verified for its feasibility in achieving a 300-micrometer scanning range scanning 

for one-shot surface profilometry. 

 
Keywords—surface topography, chromatic confocal microscopy, automated optical inspection (AOI), 
precision metrology. 

 

70-RE5 Uncertainty Analysis of Effective Focal Length of Optical Measurement System 

Hui-Jean Kuo*, Ho-Lin Tsay, Po-Ming Lin, Ming-Fu Chen 

National Applied Research Laboratories, Taiwan 

 

Abstract—In this paper, the effective focal length measurement method of the imaging optical system 

is described. In order to understand the accuracy of the measurement system, we carry out 

measurement uncertainty evaluation. The result shows that the uncertainty effective focal length of 

this measurement system can be within 0.228 mm. 

 
Keywords—measurement uncertainty, effective focal length, EFL, imaging optical system 

 

72-ID4 Interferometry-aided alignment of Cassegrain optical system 

Po-Ming Lin*, Yu-Chuan Lin, Ming-Fu Chen 

National Applied Research Laboratories, Taiwan 

 

Abstract—This paper presents the attitude adjustment technique of the reflector for the Cassegrain 

optical system. The wavefront error is measured by laser interferometer and analyzed by optical 

simulation software. The measured wavefront error values are analyzed and converted to zernike 

coefficients, which can be used to express sidel aberration. This method is feasible for correcting the 

misalignment of optical systems. 

 
Keywords—cassegrain optical system, interference methods, zernike coefficient 
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