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Abstract

Precision motion control is the core technology to achieve higher quality and throughput in
the production lines. Thus, it is crucial in high-end equipment design and advanced
manufacturing sectors. Pushed by latest upstream technologies such as parallel computing,
sensor networks, big-data and deep learning, greater opportunity are awarded to researches
on precision motion systems. Meanwhile, bigger challenges are raised on this field due to
users’ increasing demands on higher speed, higher precision and more flexible

manufacturing processes.

The AIM 2021 workshop on “Advances in Precision Motion Control” aims to share the recent
advances on the multi-axis precision stage design, calibration technology, dynamics
modeling and advanced motion controller synthesis, incorporated with emerging
technologies such as sensor fusion, precision metrology, data-driven modeling, intelligent
systems and coupled multi-physical processes analysis. It is expected that this workshop
helps better understand the fundamental concepts and theories on stage design, calibration,
modeling, and controller design, with possible applications to precision engineering, logistics,

micro and nano-engineering and biotechnology.
Program

The tentative program for the workshop is scheduled for European Central Summer time
(CEST), the time zone of Delft, NL.
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Adaptive robust control of linear motor driven gantry systems,

2:40pm-3:10pm
P P by Zheng Chen

Flexure-based large-stroke micro/nano positioning and
3:10pm-3:40pm L .
applications, by Hui Tang

3:40pm-4:10pm Recent advances on calibration of precision motion systems, by




Silu Chen

Toward integrated mechatronics design of 6-DOF magnetic

4:10pm-4:40pm . . .
levitated motion system, by Haiyue Zhu

Talk 1: Design and Advanced Control of Dual-Stage Actuator Systems
Jinchuan Zheng

Associate Professor, Swinburne University of Technology, Australia, jzheng@swin.edu.au

Abstract:

Dual-stage actuators are novel and cost-effective mechatronic devices to upgrade
conventional single-stage actuators. They consist of two actuators connected in series along
a common axis. The primary-stage actuator has a relatively long travel range but with poor
accuracy. The secondary-stage actuator is typically of higher precision but with a limited
travel range. Combined with suitable controllers, the dual-stage actuators can
simultaneously provide larger travel range, higher positioning accuracy and faster response.
However, control design of the dual-stage actuator is a challenging task because of control
redundancy. This talk will introduce the dual-stage actuator mechanical designs and its
control methods.




Biography:

Dr. Jinchuan Zheng received the B.Eng. and M.Eng. degrees in mechatronics engineering
from Shanghai Jiao Tong University, Shanghai, China, in 1999 and 2002, respectively, and the
Ph.D. degree in electrical and electronic engineering from Nanyang Technological University,
Singapore, in 2006. In 2005, he joined the Australian Research Council (ARC) Centre of
Excellence for Complex Dynamic Systems and Control, School of Electrical and Computer
Engineering, The University of Newcastle in Australia, as a Research Academic. From 2011 to
2012, he was a Staff Engineer with the Western Digital Hard Disk Drive R&D Center,
Singapore. Since 2012, he has been with Swinburne University of Technology, Melbourne in
Australia. He is currently an Associate Professor with the School of Science, Computing and
Engineering Technology at Swinburne. His research interests include high precision motion
control systems, electric vehicle control technology, mobile robots, and biomechatronic
devices. He has published over 120 papers in refereed international journals and conference
proceedings. Dr Zheng is a Senior Member of IEEE.

Talk 2: Adaptive Robust Control of Linear Motor Driven Gantry System
Zheng Chen

Professor, Zhejiang University, China, zheng chen@zju.edu.cn

Abstract:

Linear motor driven gantry is one of important precision motion stages and has been widely
applied in IC equipment, Multi-axis machine tool, etc. This talk will share our researches on
adaptive robust control for linear motor driven gantry systems, which can theoretically
achieve the guaranteed transient and steady state performance under model uncertainty
and disturbance. Specifically, the effect of nonlinearity and flexible modes are taken into
consideration and the corresponding control designs are developed. The synchronized
control with dual-driven stage and the coordinate control for contour tracking are also
discussed. Experiments are carried out to verify the effectiveness of our proposed design.



Biography:

Zheng Chen received the B.Eng. and Ph.D. degrees in mechatronic control engineering from
Zhejiang University, Zhejiang, China, in 2007 and 2012, respectively. From 2013 to 2015, he
was a Postdoctoral Researcher in the Department of Mechanical Engineering at Dalhousie
University, Halifax, NS, Canada. He is currently a professor in Ocean College of Zhejiang
University. His research interests mainly focus on advanced control of robotic and
mechatronic system (e.g., nonlinear adaptive robust control, motion control, trajectory
planning, tele-robotics, hydraulic system, precision mechatronic system, soft actuator and
robot, mobile manipulator, and underwater robot).

Talk 3: Flexure-based Large-Stroke Micro/Nano Positioning and Applications
Hui Tang

Professor, EU Marie Curie Fellow, Guangdong University of Technology, China,
huitang@gdut.edu.cn

Abstract:

To achieve micro/nano positioning with flexure-based compliant mechanism, there are
couple of core scientific problems and key technical challenges, such as difficulty in ensuring
travel and accuracy at the same time, poor stability and reliability, serious nonlinear and
bandwidth shortage, etc. This talk focuses on the optimization design of large-stroke
compliant micro/nano positioning mechanism, high-resolution displacement sensing, and
high-bandwidth ultra-precision servo motion control. The methodologies are applied to the



advanced manufacturing fields in terms of semiconductor chip packaging, nano CNC
machining, piezoelectric nanomotor and micro/nano machining.

Biography:

Hui Tang, Professor (exceptional), PhD, EU Marie Curie Fellow, “Young Hundred” A+
high-level introduced talents. He received his Ph.D. degree in electromechanical engineering
from the University of Macau in July 2014, and worked in the BioMEMS Laboratory of
Columbia University (2016) and the State Key Laboratory of Ultra-Precision Machining
Technology of Hong Kong Polytechnic University as a post-doctoral researcher (2017-2018).
He has been engaged in key basic studies and R&D applications of flexure-based compliant
mechanism, piezoelectric actuator, micro/nano positioning stage, visual detection algorithm,
ultra-precision motion control and advanced manufacturing equipment. He has undertaken
10 projects including National Natural Science Foundation of China, National Key Research
and Development Program of China (sub-project), etc. He has published 70 high level SCI/EI
academic papers (Top SCI:19), applied for 48 invention patents (21 authorized invention
patents, 4 soft works), won the 5th Guangdong Patent Award (ranked 5), the 1st prize of
Guangdong Technical Invention Award (ranked 11). His research achievements have been
successfully applied to the leading enterprises such as HAN’S Laser Technology and TCL
CSOT.

Talk 4: Recent Advances on the Calibration Methodology of the Precision Motion Systems
Silu Chen

Professor, Ningbo Institute of Materials Technology and and Engineering, Chinese Academy
of Sciences, China, chensilu@nimte.ac.cn




Abstract:

This talk shares some recent advances on the calibration methodology for some typical
precision motion systems, such as long-stroke heavy-duty robots, a novel 4-DOF parallel
robot and 5-axis CNC machines. Based on the derived kinematic or kinetostatic models, the
main sources of geometric and non-geometric error are identified and modeled by either
analytic, semi-analytic or pure data-driven methods. Experimental results are demonstrated
using the actual systems from local companies on robotics and machine tools, to show
effectiveness of the proposed error modeling and compensation methodologies.

Biography:

Silu Chen received the B.Eng. and the Ph.D. degrees in Electrical Engineering from the
National University of Singapore (NUS), in 2005 and 2010 respectively. From 2010 to 2011,
he was with the Manufacturing Integration Technology Ltd, a Singapore-based
semiconductor machine designer, as a senior engineer on motion control. From 2011 to
2017, he was a scientist in the Mechatronics group, Singapore Institute of Manufacturing
Technology (SIMTech), Agency for Science, Technology and Research (A*STAR). During this
period, he also acted as co-Pl of the SIMTech-NUS Joint Lab on Precision Motion Systems,
adjunct assistant professor of NUS, and PhD co-advisor for A*STAR Graduate School. Since
2017, he has been with the Ningbo Institute of Materials Technology and Engineering,
Chinese Academy of Sciences, as a professor. His current research interests include design
and optimization of high-speed motion control systems, and industrial robot automation. He
has published more than 80 technical papers, co-author one monograph on precision
motion control and industrial automations. He is currently serving as Associate Editor of IEEE
International Conference on Advanced Intelligent Mechatronics.

Talk 5: Toward Integrated Mechatronics Design of 6-DOF Magnetic Levitated Motion
System

Haiyue Zhu

Scientist, Singapore Institute of Manufacturing Technology, Singapore,
zhu haiyue@simtech.a-star.edu.sg




Abstract:

This talk shares the recent advances on 6-DOF magnetic levitated motion system. Bandwidth
is a critical specification for the motion positioning systems as fast response to reference
and broadband disturbance rejection are highly desirable in industrial applications. To
enhance the bandwidth, the concept of dual-stage actuation is proposed for the maglev
motion system, and an integrated mechatronics design is carried out to synthesize both the
controller and mechanical parameters to meet the desired closed-loop specifications.
Experimental results have shown that the proposed concept can significantly improve the
closed-loop bandwidth from 20 Hz to around 200 Hz.
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Biography:

Haiyue Zhu received the B.Eng. degree in automation from the School of Electrical
Engineering and Automation, Tianjin University, Tianjin, China in 2010, the B.Mgt. degree in
business administration from the College of Management and Economics, Tianjin University,
Tianjin, China, in 2010, and the M.Sc. and Ph.D. degrees in electrical engineering from the
National University of Singapore, Singapore, in 2013 and 2017, respectively. He is currently a
Scientist with the Adaptive Robotics and Mechatronics Group, Singapore Institute of
Manufacturing Technology (SIMTech), Agency for Science, Technology and Research
(A*STAR), Singapore. His current research interests include intelligent mechatronic and
robotic systems, and robot grasping and manipulation. Dr. Zhu has served as an Associate



Editor for the IEEE International Conference on Cybernetics and Intelligent Systems and the
IEEE International Conference on Robotics, Automation and Mechatronics (CIS-RAM 2019).



