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Overview: This tutorial focuses on the very nature of industrial control problems: obtaining consistent
performance in processes full of uncertainties, the solution of which cannot be easily found in a model-based
control theory. The essence of such problems is disturbance rejection, in a general sense, and that the
guestion is how the disturbance is best mitigated, in view of new principles, methods, algorithms, and rigorous
justifications. The solutions, to be truly industrial, must be easily scalable across product lines, or even
industry sectors; and they must give what production engineers want: a control system that makes the
difference small between the process variables and their desired values, and does so quickly, economically,
and intuitively. The speakers in this tutorial will show, interactively with the audience, that to achieve such a
lofty goal, the disturbances must be rejected in an ACTIVE manner, meaning that the control system actively
seeks and mitigates the causes of the output deviation, rather than just passively reacts to it. And this is the
principle of Active Disturbance Rejection Control (ADRC).

Format: The tutorial consists of four sessions: 1) principles, methods and impacts, stretching from the steam
engine era to present time; 2) technologies and applications, as ADRC is gaining a foothold in industry; 3)
theoretical foundation, rigorous mathematical proofs, and the beginning of a theory of disturbance rejection;
and finally 4) prospects for the future development of ADRC. In each of these sessions, the speakers will lead,
but not dominate, the proceeding by giving short, concise presentations on the latest developments, followed
by a forum of speakers-audience interactions on questions and concerns from participants. Practical
problems and examples are used throughout the discussions to help participants connect novel principles to
their own experiences. Matlab simulations are shared with the participants to show the simplicity and
effectiveness of ADRC. Benchmark problems from various domains of applications are used to demonstrate
the novelty of ADRC.

Target Audience: practitioners looking for advanced control solutions that are simple to use and easy to tune;
researchers looking for new ideas and the connection between theory and practice; students looking for
better understanding of the foundation of controls and the essence of control engineering practice.

I. Why ADRC?

In control theory, disturbance rejection is one of many competing control design objectives, including
command following, robust stability, noise sensitivity, etc.; in practice, however, it is often THE design
objective that is front and center in the mind of design engineers. This tutorial provides a forum for students,
researchers and practitioners to share insights on how the control problems in a particular domain of
applications are reduced to the essence, i.e. disturbance rejection, and what tools are available at our
disposal to solve these problems. Through the exposition of various concepts, methods, and solutions of
engineering problems, this tutorial provides the audience with a comprehensive understanding of what’s
unique about the concept of Active Disturbance Rejection Control (ADRC)? What characterizes the ADRC
Technology (its pros and cons)? And to what end future lies, in expanding the edge of technology, in
continuous regeneration of fresh ideas and in further development of theoretical foundations? Through this
discussion we hope that participants will be able to make seamless the integration of the ADRC concepts and
the domain knowledge and skills of a particular engineering branch. It is through such integration that users
of ADRC will be able to take advantage of it freely in solving the pressing problems of today.



Most attendees of the past IFAC World Congress probably have never heard of Active Disturbance Rejection
Control (ADRC), nor have they ever seen a tutorial, a conference session, or books devoted to the subject. But
perhaps they should, as this proposed tutorial will attempt to show. In the last few years, ADRC has been the
subject of short courses at top universities in China, and of invited sessions and tutorials at conferences such
as the 2013 American Control Conference, the 2013 Chinese Control Conference and the 2012 World
Congress of Intelligent Control and Automation. In China, ADRC as a potential solution has been explored in
almost all domains of control engineering [1]. In the U.S., ADRC algorithm was recently deployed at a
Parker Hannifin Extrusion Plant in North America, resulting in over 50% energy saving per line [2,3] across
ten production lines; Texas Instrument, an industry giant, has licensed the ADRC technology in anticipation of a
massive rollout of a new generation of control chips within which the ADRC algorithms are embedded [4].
There have been numerous reports in industry journals and news papers about this technology and the
university spinoff associated with it [4-10].

The idea of ADRC is very intuitive: it single mindedly focuses on disturbance rejection as the central task and
the “active” part comes from mitigating the disturbance before it runs its course. It is highly likely that
whether an ACC attendee is from academia, government labs, or industry, he or she will equally find the
subject of ADRC fascinating, if only for the reason that it all started with an obscure idea from the 1820s
France when J.V. Poncelet wrote in his book that the control of steam engine could be greatly improved if the
disturbance force is measured and counteracted BEFORE the engine speed deviates. No one paid much
attention to it for over a hundred years, before it was rediscovered and revived by a scholar, G.V. Shipanov,
in the then Soviet Union in 1930s, who in turn got into trouble with the authority on the ideological ground.
The story then took a surprising turn when a Chinese scholar, J. Han, rekindled the idea in the 1990s China
and formally introduced the concept of ADRC [11-16], which was further articulated and simplified by Z. Gao
[17-21]. In recent years, ADRC inspired ground-breaking developments in many areas of engineering practice
(see, for example [22-31]) and captured the imaginations of American entrepreneurs and venture capitalists,
in an effort to bring it to the market [4-10]. The engineering success in turn led to numerous theoretical
investigations [32-39] and the discovery of the fact that many previous ideas [40-48] that are scattered over
time and isolated by its domain of application can now be unified in a single framework, with their
equivalence or similarities laid bare.

The following introductory and survey papers can be used as the starting point for interested readers.

e J. Han, “From PID to Active Disturbance Rejection Control”, IEEE Transactions on Industrial Electronics, .Vol. 56,
Issue 3, pp. 900-906, 2009.

e 7. Gao, “Active Disturbance Rejection Control: A Paradigm Shift in Feedback Control System Design”, Proc. of
the 2006
American Control Conference, Minneapolis, June 14-16, 2006.

Session |: Principles, Methods and Impacts

Description: There are three parts to this sessions: 1) a critical reflection on the foundation of automatic
control and the exposition of the history and principles of a different paradigm, symbolized by ADRC; 2) the
methods of estimating internal and external disturbances, with or without a model of the physical process;
3) the impacts of ADRC in asking a different set of questions in research and in creating a disruptive
technology in industrial control.

Session II: Technologies and Applications

Description: ADRC as originally proposed by J. Han has three components: tracking differentiator, nonlinear
feedback control, and nonlinear extended state observer. The combination of the three proves to be a
powerful tool for disturbance rejection control. As an industrial control technology, however, it has been
streamlined, simplified and parameterized so that it can be easily deployed across various hardware-software
platforms and easily tuned by factory personnel, leading to explosive growth in its applications that
transcend engineering disciplines. In this session we show how this is accomplished and how an
advanced principle is married into a domain of engineering applications that often leads to an order of
magnitude improvement. Most importantly, it will be shown that the key in application of ADRC is the
reformulation of the control problem as that of disturbance rejection, as shown in applications in several key
technology areas such as internal combustion, power generation, space applications, aeronautics, process
control, and high energy physics.



Session IllI: Theoretical Foundation

Description: This session is designed to answer critical questions about the theoretical foundation of ADRC
and stability. It will be shown that rigorous mathematical proof has been recently established in all three
parts of Han’s theory: tracking differentiator, nonlinear ESO and nonlinear feedback. For practitioners
familiar with the language of frequency response, the bandwidth of the observer and of the control loop is
analytically related to the tracking error. Frequency response of a typical ADRC loop is shown to have
unsurpassed quality in robustness of performance and stability. The fascinating questions is where do we go
from here to develop another kind of control theory: the theory of disturbance rejection? Initial principles and
methods are examined. The structural outlook of a reconstructed control theory is presented in the context of
active disturbance rejection.

Session IV: Prospects of Future Development

Description: In this session, we discuss the new opportunities ADRC, as a new paradigm, brings at several
distinct levels. First, the Texas Instrument adoption of ADRC to replace predominant PID in motion control
DSP chips opens a new era.

The Parker’s success in adopting ADRC in extrusion lines show the great potential of ADRC in process control.
In this session, we'll first discuss new application research opportunities in various industrial sectors, such as
aerospace and biomedical engineering. Likewise, in each industry sector, the ADRC technology itself has the
potential to be innovated to address the unique needs and this gives stimulus to continuous R&D for
researchers in both academia and industry. From such research, new principles can be abstracted to deepen
the understanding of disturbance rejection based control, such as the concept of rejector recently proposed to
compliment that of controller [50]. Finally, theoretical justification for the new development in all three areas,
shown in Figure 1, is urgently needed and it provides great challenges in theoretical study, which will be
address in this session as well.
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About the Organizers

Zhigiang Gao received his Ph.D. in Electrical Engineering from the University of Notre Dame in 1990 and has
taught at Cleveland State University even since. Faced with ever widening chasm between control theory
and practice, Dr. Gao returned to the roots of controls by collaborating extensively with engineers at NASA
and industry in solving real world problems, from which the foundation and authenticity of research were
rebuilt. A chance meeting and brief discussion with Prof. Jingging Han in 1995 led Dr. Gao to switch research
direction to active disturbance rejection control, and to nurture it from its early, conceptual stage to a
maturing and emerging industrial control technology today. In doing so, he made an obscure idea clear and
a complex controller easily implementable and tuned in an industrial machinery, often with staggering
improvements in performance or energy saving. Adopting the philosophy of experimental science in
research and a humanistic touch in teaching, Dr. Gao and his team bring creative solutions to the real world
and vitality of thinking to the young minds. Dr. Gao’s research and teaching materials can be found at
http://cact.csuohio.edu

Bao-Zhu Guo received the Ph.D degree from the Chinese University of Hong Kong in applied mathematics in
1991. From 1985 to 1987, he was a Research Assistant at Beijing Institute of Information and Control,
China. During the period 1993-2000, he was with the Beijing Institute of Technology, first as an associate
professor (1993-1998) and subsequently a professor (1998-2000). Since 2000, he has been with the
Academy of Mathematics and Systems Science, the Chinese Academy of Sciences, where he is a research
professor in mathematical system theory. Dr. Guo is the recipient of the One Hundred Talent Program from
the Chinese Academy of Sciences (1999), and the National Science Fund for Distinguished Young Scholars
(2003). He is the author or co-author of over 130 international peer/refereed journal papers, and three
books including the book: *Stability and Stabilization of Infinite Dimensional Systems with
Applications" (Springer-Verlag, 1999). His research interests include the theory of control and application of
infinite-dimensional systems and theoretical analysis of active disturbance rejection control.
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