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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 
question 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. 

 
• J. Han, “From PID to Active Disturbance Rejection Control”, IEEE Transactions on Industrial Electronics, .Vol. 56, 

Issue 3, pp. 900-906, 2009. 
•    Z. 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 I: 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 III: 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. 

 

 
 

Figure 1 Future Research 
 
 

REFERENCES 

[1]    Y.Huang,W.Xue and C.Zhao, “Active Disturbance Rejection Control Methodology And Theoretical Analysis”, Journal of System 
Science and Mathematical Science, Vol. 31, No. 9, 2011, pp. 1111–1129. (in Chinese) 

[2]    Q. Zheng and Zhiqiang Gao, “An Energy Saving, Factory-Validated Disturbance Decoupling Control Design for Extrusion 
Processes”, Proceedings of the 2012 World Congress on Intelligent Control and Automation, pp. 2891-2896, Beijing, July 6-8, 
2012. 

[3]    Ohioepolymer News, “LineStream Technologies: Advanced Control, Made Simple”, Accessed on Oct.1st, 2012 at 
http://www.polymerohio.org/index.php?option=com_content&view=article&id=352:linestream-technologies-advanced-control-made-
simple&cat id=1:latest-news&Itemid=61 

[4]    “LineStream Technologies signs licensing deal with Texas Instruments”, The Plain Dealer, July 12th, 2011, 

[5]    “LineStream Technologies’ $5M Investment Timed Perfectly”, Crain's Cleveland Business, March 25th, 2012 

[6]    “Control Freaks”, Inside Business Magazine, November/December Issue, 2011. 

[7]    “Look Ahead”, Cutting Tool Engineering, pp. 86, January, 2009 

[8]     “A New Industrial Revolution?”, Front page, Business Section, The Plain Dealer, Sept. 2nd, 2008. 

[9]    “Say you want a machine control revolution?”, Industry Week, October, 2008. 

[10]   “First CSU commercialization effort helps manufacturers fine-tune machinery”, Crain's Cleveland Business, August 25, 2008. 

[11]  J. Han, “Control theory or model theory?”, Systems Science and   Mathematical Sciences, Vol.9, No.4, pp.328-335, 1989.(In 
Chinese) 

[12]  J. Han, “A Class of Extended State Observers for Uncertain Systems”, Control and Decision, Vol.10, No.1, pp.85-88, 1995.(In 

http://www.polymerohio.org/index.php
http://www.polymerohio.org/index.php


  

Chinese) 
[13]  J. Han, “Active disturbance rejection controller and its applications”, Control and Decision,Vol. 13, No. 1, 1998, pp. 19–23. (in 

Chinese) 
[14]  J. Han, “Robustness of Control System and the Godel’s Incomplete Theorem”,  Control Theory and Its Applications, 16(suppl.), 

149-155, 1999.(In Chinese) 

[15]  J. Han, Active Disturbance Rejection Control Technique, Beijing: National Defense Industry Press, 2008 (In Chinese) 

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

[17]  Z. Gao, Y. Huang, and J. Han, “An Alternative Paradigm for Control System Design”, Proceedings of the 40th IEEE Conference on 
Decision and Control, Vol. 5, 4578 – 4585, Orlando, Dec 4-7, 2001. 

[18]  Z. Gao. “Scaling and bandwidth-parameterization based controller tuning”. Proc. of the 2003 American Control Conference, 2003, 
pp. 4989–4996. 

[19]  Z. 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. 

[20]  G. Tian and Z. Gao, “From Poncelet’s Invariance Principle to Active Disturbance Rejection Control”, Proceedings of 2009 
American Control Conference. 

[21]  Z. Gao, “The Disturbance Rejection Paradigm in Control Engineering”, Proceedings of 2010 Chinese Control Conference (in 
Chinese). 

[22]  Wu D. and Chen K, “Design and analysis of precision active disturbance rejection control for noncircular turning process”, IEEE 
Trans. on Industrial Electronics,Vol. 56, No. 7, 2009, pp. 2746–2753. 

[23]  J. Vincent, D. Morris, N. Usher, Z. Gao and S. Zhao, “On active disturbance rejection based control design for superconducting RF 
cavities”. Nuclear Instruments & Methods in Physics Research, Vol. 643, Issue 1, 2011, pp. 11–16. 

[24]  Y. Huang, K. Xu , J. Han and J. Lam, “Flight control design using extended state observer and non-smooth feedback”, Proc. of the 
2001 IEEE Conference on Decision and Control, vol. 1, 2001, pp. 223–228. 

[25]  M.Sun, Z.Chen and Z.Yuan, “A Practical Solution to Some Problems in Flight Control”, 48th IEEE Conference on Decision and 
Control, 2009, pp. 1482–1487. 

[26]  C. Zhao and Y. Huang, “ADRC based integrated guidance and control scheme”, Journal of Systems Science and Mathematical 
Sciences,Vol. 30, No. 6, 2010, pp. 742–751. (in Chinese) 

[27]  Y. Hou, Z. Gao and F. Jiang, B. T. Boulter, “Active Disturbance Rejection Control for Web Tension Regulation”. Proc. of the 2001 
IEEE Conference on Decision and Control, Vol. 5, 2001, pp. 4974– 4979. 

[28]  Y. Huang, Z. Luo, M.Svinin, T. Odashima and S. Hosoe, ”Extended state observer based technique for control of robot systems”, in 
Proc. of the 4th World Congress on Intelligent Control and Automation, Vol. 4, 2002, pp. 2807-2811. 

[29]  G. Feng,Y. Liu, and L. Huang, ”A New Robust Algorithm to Improve the Dynamic Performance on the Speed Control of Induction 
Motor Drive”, IEEE Tran. Power Electronics,Vol. 19, No. 6, 2004, pp. 16141627. 

[30]  D. Wu, K. Chen and X. Wang, ”Tracking control and active disturbance rejection with application to noncircular machining”, 
International Journal of Machine Tools and Manufacture, Vol. 47, Issue 15, 2007, pp. 2207-2217. 

[31]  B. Yan, Z. Tian, S. Shi and Z. Weng, ”Fault diagnosis for a class of nonlinear systems via ESO”, ISA Transactions,Vol. 47, No, 4, 
2008, pp. 386-394. 

[32]  Q. Zheng, L. Q. Gao, and Z. Gao, ”On Stability Analysis of Active Disturbance Rejection Control for Nonlinear Time-Varying 
Plants with Unknown Dynamics”, in Proc. of the 46th IEEE Conference on Decision and control, 2007, pp. 3501-3506. 

[33]  X. Yang and Y. Huang, ”Capability of extended state observer for estimating uncertainties”, in Proc. of the 2009 American Control 
Conference , 2009, pp. 3700-3705. 

[34]  B. Guo and Z. Zhao. “On the convergence of an extended state observer for nonlinear systems with uncertainty”. Systems & 
Control 

Letters, Vol. 60, 2011, pp. 420-430. 
[35]  L. Praly and Z.P. Jiang, ” Further results on robust semiglobal stabilization with dynamic input uncertainties”, in Proc. of the 37th 

IEEE Conf. Decision Control, Vol. 1, 1998, pp. 891-896. 
[36]  W. Xue, On Theoretical Analysis of Active Disturbance Rejection Control, Doctoral Thesis, Beijing: Academy of Mathematics and 

System science, 2012. (In Chinese) 
[37]  Y. Huang and J. Han. “Analysis and design for nonlinear continuous extended state observer”. Chinese Bulletin, Vol. 45, No. 21, 

2000, pp. 1938–1944. 
[38]  G. Tian and Z. Gao, ”FrequencyResponse Analysis of Active Disturbance Rejection Based Control System”, In Proceedings of the 

16th IEEE International Conference on Control Applications Part of IEEE Multi-conference on Systems and Control, 2007, pp. 
1595–1599. 

[39]  L. B. Freidovich and H. K. Khalil, “Performance recovery of feedback-linearization based designs”. IEEE Trans. Automat. 
Contr.,Vol. 53, No. 10, 2008, pp. 2324–2334. 

[40]  G. Basile and G. Marro, ``On the observability of linear, time-invariant systems with unknown inputs,”  Journal of Optimization 
theory and applications, vol. 2, no. 6, pp. 410-415, 1969. 

[41]  C. Johnson, ``Accommodation of external disturbances in linear regulator and servomechanism problems," IEEE Transactions on 
Automatic Control, vol. AC-16, no. 6, pp. 635–644, 1971. 

[42]  G. Hostetter and J. Meditch, ``On the generalization of observers to systems with unmeasurable, unknown inputs," Automatica, 
vol. 

9, pp. 721-724, 1973. 

[43]  T. Mita, M. Hirata, K. Murata, and H. Zhang, “h∞ control versus disturbance-observer-based control," IEEE Trans. Ind. Electron., 
vol. 45, no. 3, pp. 488-495, 1998. 

[44]  R. Bickel and M. Tomizuka, ``Passivity-based versus disturbance observer based robot control: equivalence and stability," ASME J. 
Dyn. Syst., Meas., Control, vol. 121, pp. 41-47, 1999. 

[45]  E. Schrijver and J. van Dijk,``Disturbance observers for rigid mechanical systems: Equivalence, stability, and design," Journal of 
Dynamic Systems, Measurement, and Control, vol. 124, no. 4, pp. 539-548, 2002. 

[46]  Y. Choi, K. Yang, W. K. Chung, H. R. Kim, and I. H. Suh, ``On the robustness and performance of disturbance observers for 
second-order systems," IEEE Trans. on Automatic Control, vol. 48, no. 2, pp. 315-320, 2003. 

[47]  E. Canuto, L. Massotti and A. Molano “Drag-free control of the GOCE satellite: noise and observer design, IEEE Trans. on Control 
Systems Technology, Vol. 18, pp. 501- 509, 2010 

[48]  E. Canuto “Embedded Model Control: outline of the theory”, ISA Transactions, Vol. 46 (3), pp. 363- 377. 

[49]  Y.C. Ho, “Is It Application or Is It Experimental Science?”, Editorial, IEEE Transactions on Automatic Control, Vol. AC-27, No. 6, 
pp.1142, December 1982. 



  

[50]  Z. Gao, “On the Centrality of Disturbance Rejection in Automatic Control”, to appear in ISA Transactions. 

 
 
About the Organizers 

 
Zhiqiang 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. Jingqing 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 
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professor in mathematical system theory. Dr. Guo is the recipient of the One Hundred Talent Program from 
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infinite-dimensional systems and theoretical analysis of active disturbance rejection control. 

http://cact.csuohio.edu/
http://cact.csuohio.edu/

