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Abstract 

Extremum seeking control (ESC) is a real time optimization method for steady-state optimization of 
engineered systems. It is an enabling technology that is used in a range of important engineering 
applications; ranging from power generation, to environmental monitoring and economics. 
The main objective of this tutorial is to present the recent advances in the ESC, covering both 
theoretical  developments  as  well  as  applications  for  a  broad  audience  of  interested  control 
engineers. A number of ongoing research directions will be touched upon. 

 

 
 

Intended Audience 

The expected audience includes engineers, scientists, postgraduate students, and academics; not 

necessarily familiar with ESC, as the basic principles will be covered. 
 

 
Description 

 
Design of engineered systems whose operation is in some sense optimal is increasingly important 

due to the range of socio-economic and environmental problems we are facing at the dawn of the 

21st century. Increased demand for energy and other limited resources, climate change and an 

increased  competition  in the  global  market  exert pressure  on  engineered  systems  to  be  more 

efficient, cheaper, and cleaner and of better overall quality than existing systems. Optimal control 

engineering  is  an  enabling  technology  that  provides  methods  for  the  systematic  design  of 

engineered systems that exhibit optimal behaviour, such as maximal productivity, best efficiency, 

minimal cost and best quality. 
 

While still attracting considerable research attention, optimal control methods can be regarded as 

classical and in certain areas, such as linear quadratic control, they are very well developed and 

understood. An underlying assumption in the classical control literature is that both the plant model 

and  the  cost  to  optimize  are  known  to  the  engineer  designing  the  system.  However,  many 

engineering systems do not satisfy this basic assumption and, hence, classical optimization methods 

are often not directly applicable. 
 

Extremum seeking control (ESC) is an optimal control approach that deals with situations when the 

plant model and/or the cost to optimize are not available to the designer but the plant input and 

output signals may be measured. Using only these available signals, an extremum seeking controller



 
 

 
dynamically searches for the optimizing inputs in real time. The modern idea of extremum seeking 

dates back to the 1950s. However, a deep understanding of the behaviour of extremum seeking 

systems, and design guidelines required significant research and development work. Major 

breakthroughs were made just in the last two decades. 
 

Engineers have implemented ESC in biochemical reactors, in automotive brakes, variable cam timing, 

electromechanical valves, axial compressors, mobile robots, mobile sensor networks, optical fibre 

amplifiers, the Frascati Tokamak Upgrade, bluff-body drag reduction, human exercise machines, tidal 

energy harvesting and thermoacoustic instability. All these applications indicate the power of ESC as 

a paradigm and its power to address real applications. 
 

Outline 
 

This tutorial will consist of 3 sessions (6 hours altogether) 

 
Session 1 (50 mins):  Introductory Session (by Prof. Iven Mareels) 
The Introduction Session focuses on the basic principles of ESC, in particularly the adaptive ESC.  A 
simplest possible ESC will be presented into details. The attendee will come to understand 
•            The basic problem formulation of ESC; 
•            The link of ESC to optimization algorithms; 
•            The performance of ESC; 
•            The design trade-off of ESC; 

 
Session 2 (100mins) – Overview of Recent Theoretic Developments 
Session 2a (50 mins) Deterministic Systems (by Professor Dragan Nešić) 
This section introduces some recent developed frameworks which make systematic analysis and 
design of ESC possible. These frameworks include 
•            A unifying framework of adaptive ESC based on estimation of derivatives; 
•            A systematic approach to ESC based on parameter estimation; 
•            A global sampled-data based ESC framework. 
With the knowledge of these design frameworks, it is possible to combine an algorithm from a large 
class of discrete or continuous (on-line) optimization algorithms with appropriate estimators to 
design various ESCs. This provides a much needed design flexibility as the designer can tailor the ESC 
to the problem at hand. 
Session 2b (50 mins) Stochastic Systems (by Professor Miroslav Krstic) 
Stochastic ES is inspired by the stochastic gradient estimation that bacteria employ when seeking 
nutrients (chemotaxis). The following topics will be covered: 

•   Stochastic averaging for analyzing stability of stochastic ES algorithms 

•   Gradient-based stochastic ES 

•   Non-cooperative games with stochastic ES 

•   Newton-based stochastic ES 

•   Source seeking for mobile robots using stochastic ES 

 
Session 3 (200 mins) Implementation issues and 
Applications 
1)          (50min) Applications tuning and implementation of ESC (by Professor Martin Guay) 
2)          (50 min) Anti-windup ESC (by Dr. Ying Tan) 
3)          (50 min) Applications of ESC in Automobile industry (Associate Professor Chris Manzie) 
4)          (50min) Applications of ESC in Robotic System (Dr. Nicholas R. Gans). 
This section will introduce real world examples that motivate the need for extremum seeking 
solutions, and discuss aspects of practical application of extremum seeking.



 
 

 
We will have half an hour for dialogue, diagnosis and brainstorm thinking. Attendees are encouraged 
to bring and present for discussion, their own research experience, and problems encountered in 
applying ESC to various applications. 

 
The attendees will find course slides and annotated bibliography on the conference website. 
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