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Topic 1:
Optimizing PID Controllers for Maximal Delay Robustness

AR T RS L TRE S AR

Abstract: For well over an entire century, PID control stood out as the most favored
method for its simplicity, robustness, ease of implementation and cost-effectiveness. It
continues to demonstrate its sustained power and inexplicable charm, serving an awe-
inspiring testimony to its incredible vitality and widespread acceptance by industrial
control communities. Traditionally, the design and implementation of PID controllers
are conducted by somewhat ad hoc, trial and error tuning methods. One must then
wonder, with its seemingly simplistic structure and ad hoc rules of design, why on the
earth PID control is good? How good can it be? What is its fundamental limitation? In
this talk I shall attempt to provide an anecdote and an analysis to these contemplations,
using delay robustness as a pilot problem. We address the canonical problem of delay
margin, which defines the largest range of unknown, variable, and possibly time-varying
delay so that a system can be robustly stabilized via feedback. I shall present our recent
triumphs in determining the delay margin achievable by PID control, focused on
analytical characterization and numerical computation of the delay margin for first- and
second-order systems. The solution to the problem, much to our delight, provides
analytical justifications to folk wisdom of one hundred years on PID controller tuning
and design.

Jie Chen is a Chair Professor in the Department of Electronic
Engineering, City University of Hong Kong, Hong Kong, China.
He received the B.S. degree in aerospace engineering from
Northwestern Polytechnic University, Xian, China in 1982, the
M.S.E. degree in electrical engineering, the M.A. degree in
mathematics, and the Ph.D. degree in electrical engineering, all
from The University of Michigan, Ann Arbor, Michigan, in 1985,
1987, and 1990, respectively. Prior to joining City University, he

& was with School of Aerospace Engineering and School of

& Electrical and Computer Engineering, Georgia Institute of
Technology Atlanta Georgia from 1990 to 1993, and with University of California,
Riverside, California from 1994 to 2014, where he was a Professor and served as Professor
and Chair for the Department of Electrical Engineering. His main research interests are in
the areas of linear multivariable systems theory, system identification, robust control,




optimization, time-delay systems, networked control, and multi-agent systems. He is the
author of several books, on subjects ranging from system identification to time delay systems,
and to information- theoretic control and fundamental control limitations. An elected Fellow
of IEEE, Fellow of AAAS, Fellow of IFAC and a Yangtze Scholar/Chair Professor of China,
Dr. Chen was a recipient of 1996 US National Science Foundation CAREER Award, 2004
SICE International Award, and 2006 Natural Science Foundation of China Outstanding
Overseas Young Scholar Award. He was an IEEE Control Systems Society (CSS)
Distinguished Lecturer and served on the IEEE CSS Board of Governors and as the IEEE CSS
Chapter Activities Chair. He also served on a number of journal editorial boards, as an
Associate Editor and a Guest Editor for the IEEE Transactions on Automatic Control, a Guest
Editor for IEEE Control Systems Magazine, an Associate Editor for Automatica, and the
founding Editor-in-Chief for Journal of Control Science and Engineering. He presently serves
as an Associate Editor for SIAM Journal on Control and Optimization, and for International
Journal of Robust and Nonlinear Control. Moreover, he routinely serves on program and
organizing committees of international conferences, most recently as the General Chair of the
2019 IEEE Conference on Control Technology and Application.
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Message-Passing for Distributed Convex Optimisation

Professor MinyueFu
School of Electrical Engineering and Computing
The University of Newcastle, Australia

Abstract: In this talk, we will introduce a message-passing algorithm for distributed
convex optimization and discuss some new results on its convergence properties. Under
the assumption of pairwise separability and scaled diagonal dominance, asymptotic
convergence is established and a simple bound for the convergence rate is provided for
message-passing. In comparison with previous results, our results do not require the
given convex program to have known convex pairwise components and that our bound
for the convergence rate is tighter and simpler. When specialised to quadratic
optimisation, we generalise known results by providing a very simple bound for the
convergence rate. When time permits, we will discuss recent development on message-
passing algorithm for related distributed processing problems.

Minyue Fu received the B.Sc. degree in electrical engineering
from the University of Science and Technology of China, Hefei,
China, in 1982, and the M.S. and Ph.D. degrees in electrical
engineering from the University of Wisconsin- Madison,
Madison, WI, USA. in 1983 and 1987, respectively. From 1987
to 1989, he was an Assistant Professor in the Department of
Electrical and Computer Engineering, Wayne State University,
USA. He joined the Department of Electrical and Computer
Engineering at the University of Newcastle, Australia, in 1989,
; where he is a Chair Professor of Electrical Engineering. He has
has been Visiting Professors at the University of lowa, USA, Nanyang Technological
University, Singapore and Tokyo University, Tokyo, Japan. He has held ChangJiang
Visiting Professorship at Shandong University, Jinan, China, and Distinguished
Professorship at Zhejiang University and Guangdong University of Technology, China.
He has been an Associate Editor for the IEEE Transactions on Automatic Control,
Automatica, IEEE Transactions on Signal Processing, and the Journal of Optimization
and Engineering. His main research interests include control systems, signal processing,
and communications. His current research projects include networked control systems,
distributed control, smart electricity networks, and super- precision positioning control
systems. He is a Fellow of IEEE, Fellow of Institute of Engineers Australia, and Fellow
of Chinese Association of Automation.
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Distributed Gradient Tracking for Convex Optimization in Networks

R R

Abstract: Many problems of recent interest in control and machine learning can be
posed in the framework of convex optimization. As data gets larger and more distributed,
distributed algorithms over networks provide ample opportunities to improve the speed
and accuracy of optimization. In this talk, we shall fully exploit the gradient tracking
technique to design a distributed asynchronous push-pull gradient algorithm (APPG) for
distributed optimization which is easy to implement in directed networks with
distributed datasets and robust to bounded transmission delays, while maintaining a
linear convergence rate in the worst case if local functions are strongly-convex with
Lipschitz- continuous gradients. Moreover, we adopt this technique to solve the
distributed resource allocation problem with an explicit convergence rate. Experiments
are included to show their advantages again the-state-of-the-art algorithms.

Keyou You received the B.S. degree in Statistical Science from
Sun Yat-sen University, Guangzhou, China, in 2007 and the
Ph.D. degree in Electrical and Electronic Engineering from
Nanyang Technological University (NTU), Singapore, in 2012.
After briefly working as a Research Fellow at NTU, he joined
Tsinghua University in Beijing, China where he is now a
| Tenured Associate Professor in the Department of Automation.

| He held visiting positions at Politecnico di Torino, The Hong
Kong University of Science and Technology, The University of
Melbourne and etc. His current research interests include
Networked control systems, Hdistributed algorithms and learning, and their applications.
Dr. You received the Guan Zhaozhi award at the 29th Chinese Control Conference in
2010, a CSC-IBM China Faculty Award in 2014, and the ACA Temasek Young Educator
Award in 2019. He was selected to the National 1000-Youth Talent Program of China

in 2014 and received the National Natural Science Fund for Excellent Young Scholars in
2017.
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Maximal Delay Range for Robust Consensus of First-Order Agents under PID
Protocol

7t Bl#EEE
RACKAE B2 S TR

Abstract: This talk concerns the delay consensus margin and its bounds for first-order
multi-agent systems by PID control protocol to achieve robust consensus with respect to
variable, unknown communication delays and self-delays in the agent dynamics. The
delay consensus margin is a robustness measure that defines the maximal range of delay
within which robust consensus can be achieved despite the variation and uncertainty in
the delay. Both undirected and directed network communication graphs are considered.
We find that the delay consensus margin achieved by PID protocols coincides with that
by PD protocols, both for undirected and directed graphs. With an undirected graph, we
show that this delay consensus margin can be found by solving a unimodal concave
optimization problem, and with a directed graph, it can be computed approximately via
an iterative algorithm whose each step amounts to solving a unimodal quasi-concave
problem. The results show how the agent dynamics and graph connectivity may
fundamentally limit the range of delay tolerable, so that consensus can or cannot be
maintained with the variation of the delay.

R, RACRZFKIBREIZAR . 20074 R ALK A4zl B8 5 il TR 124,
20104E ZR AL K 2E S LR 24 18 4 5 il . 2012437 1) 3% [ University of Notre
Damefi T LFER, (EREEHIZ (Guest Professor) ; 20164E-20174EHlH], £k
U7 ) B HE R SRR MR T K2, WG AE BRI T R 1 TR R AR AL R
(Research Fellow) . 20184 NiGil T4 BT AN A SCHFHRI; R 5538 Jm o [H 4%
Hl 2=l 5% H 3, 1EEE Senior Member; IET Control Theory & Applications
Zr 2 (BFEFE)  (Mathematical Reviews) #FiFie i, W E EEIb %S
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22402 5. 2019 IEEE Conference on Control Technology and
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Distance and Odometry Based Similar Station Keeping and Similar Formation
Control

Wrde #ug
School of Electrical and Electronic Engineering
Nanyang Technological University, Singapore

Abstract: The capability of localization is of great importance for many applications
such as Internet of Things and operation of unmanned systems. GPS has been widely
used for positioning and navigation. However, in indoor environments and many outdoor
environments such as urban canon and forest, GPS may not be available or may be
unreliable. Hence, there has been a lot of interest in developing technologies and
algorithms for localization in such environments. In this talk, we shall discuss some of
our recent research on this topic. First, we study the distance-based navigation of
unmanned systems by using a single landmark placed at an arbitrarily unknown position.
An integrated estimation-control scheme is proposed to simultaneously accomplish two
objectives: relative localization using only distance and odometry measurements, and
navigation to the desired location under bounded control input. The convergence of the
navigation algorithm is established. The result is then extended to more challenging
distance-based similarity-preserving station keeping of a single robot and similar
formation control of multi-robot systems where our recently established ratio of distance
rigidity theory is applied.

Lihua Xie is currently a professor with the School of Electrical
and Electronic Engineering, Nanyang Technological
University (NTU), Singapore, and the Director, Delta-NTU
Corporate Lab for Cyber-Physical Systems. He served as the
Head of Division of Control and Instrumentation from July
2011 to June 2014. His current research interests include
networked control, multi-agent systems, sensor networks,
compressive sensing, localization, and unmanned systems. He
is an Editor-in-Chief of Unmanned Systems and Associate

- Editor, IEEE Transactions on Network Control Systems. He
has served Editor for IET Book Series in Control and Associate Editor for Automatica,
IEEE Transactions on Automatic Control, IEEE Transactions on Control Systems
Technology, IEEE Transactions on Circuit and Systems-Il, etc. He was an IEEE
Distinguished Lecturer (2011-2014), appointed member (2011) and elected member (Jan.
2016- Dec. 2018) of Board of Governors of IEEE Control System Society. Dr Xie is a
Fellow of IEEE, Fellow of IFAC and Fellow of CAA.
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Some Issues about A Class of Delays Induced by Successive Packet Dropouts

MRRE Bz
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Abstract: In many practical systems, such as networked systems or process control
systems, the arrival of measurement and control signals at the receiving point often take
some time, which leads to the delayed input. Consider a class of delays induced by
successive packet dropouts, some issues will be discussed in this talk.

Feigi Deng was born in 1962. He received the Ph.D. degree in
control theory and control engineering from South China
University of Technology, Guangzhou, in June 1997. Since
October 1999, he has been a professor with South China
University of Technology and the director of the Systems
Engineering Institute of the university. He is currently a member

. /:/ of Technical Committee on Control Theory (TCCT), Chinese
! )' ( / Association of Automation, and now he is serving as the chairs
Y of the IEEE CSS Guangzhou Chapter and IEEE SMC

Guangzhou Chapter, a vice editor-in-chief of Journal of

South China University of Technology, and a member of the editorial boards of the
following journals: IEEE Access, Control Theory and Applications, All about Systems
and Control, Journal of Systems Engineering and Electronics, and Journal of Systems
Engineering, etc. He has published over three hundreds of journal papers on IEEE
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Abstract: We propose a communication/control co-design paradigm to study networked
control systems. The essence of this new paradigm is to allow the communication
network to be jointly designed with the controller. In this talk, two different
communication/control  co-design approaches would be discussed, i.e., the
channel/controller co-design and coding/control co-design. In the channel/controller co-
design, we find the minimum total channel capacity required for stabilizability given in
terms of the topological entropy of the plant. In the coding/control co-design, the MIMO
technology recently developed in communication theory has been utilized for
information exchange. A necessary and sufficient condition for the networked
stabilizability is obtained given in terms of a majorization relation.
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