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Introduction 

The complexity of system dynamics can often be 
an obstacle in the development of reliable 
dynamical models. In classical control engineering 
methodologies, the knowledge of the system’s 
dynamics has always been a key element in the 
design, testing and implementation of control 
systems. Since the development of reliable 
dynamical models is often restrictively onerous and 
fraught with technical and experimental 
difficulties, the access of high-quality dynamical 
models is often limited or inexistent in many 
applications.  
 
The last ten years has seen a tremendous amount of 
research activity on the development of model free 
control techniques. Many learning techniques such 
as reinforcement learning have been proposed to 
design of real-time system that can achieve near 
optimal control performance. While learning 
techniques can be quite general, they offer only 
limited stability and performance guarantees. Data 
driven control techniques have also emerged as a 
possible alternative to learning techniques. Such 
techniques focus on linear control systems.    
 
The design of model free real-time optimization 
techniques has been an area of tremendous 
development over the last ten years. One leading 
model free technique is extremum-seeking control 
(ESC). This classical adaptive optimization 
technique was first designed to solve steady-state 
optimization problems for nonlinear dynamical 
systems in which one seeks the optimum steady-
state of a measured objective function. In contrast 
to other data driven techniques, ESC provides 
stability and performance guarantees that rely on 
minimal assumptions about the process dynamics. 
It does not require any knowledge about the 
dynamical model or the objective function. This 
feature is quite appealing in practical situation. 
Correspondingly, the technique has been applied 
extensively in many application areas such as 
biomedical engineering, aerospace engineering, 
automotive, biotechnology and process control. 

 
In this presentation, we seek to review some of the 
new developments on the generalization of 
extremum seeking control as a potential alternative 
to existing data-driven techniques. In particular, it 
is shown how one can apply this technique to 
design reliable control systems that require only 
limited knowledge of the process dynamics. The 
results will seek to address some of the limitations 
of the proposed data driven approach. New areas of 
research are identified to fully realize the potential 
of ESC as a data driven control approach.  
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