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Course title: 

Introduction to Control Theory  

 
Duration [number of hours]: 48 hours lectures + 12 hours example classes 
 
PhD Program [MERC/MPS/SPACE]: MERC 
 
Name and Contact details of unit organizer(s): 

Name: Mario di Bernardo 
Affiliation(s): University of Naples Federico II / Scuola Superiore Meridionale 
Website: https://sites.google.com/site/dibernardogroup 
Email: mario.dibernardo@unina.it 

 
Course Description [max 150 words]: 

This course introduces the fundamental concept of feedback in dynamical systems and the mathematical 
foundations of Control Theory, at the interface between applied mathematics, physics and engineering. Topics 
include modelling of control systems, stability and controllability of feedback systems, observability and linear 
observer theory, canonical forms, state and output feedback control, optimal control (Pontryagin’s minimum 
principle, LQR and the Riccati equation), and elements of nonlinear and multi-agent control. Students will develop 
rigorous analytical tools to analyse and design controllers for both linear and nonlinear dynamical systems. 
Prerequisites: linear algebra, ordinary differential equations, dynamical systems. 

 
Syllabus [itemized list of course topics]: 

• Introduction to feedback control in science and engineering 

• Review of fundamental concepts of dynamical systems 

• Modelling of control systems 

• Stability and controllability of feedback systems 

• Observability and linear observer theory 

• Controllability and observability canonical forms 

• State feedback and output feedback control 

• Optimal control (Pontryagin’s minimum principle, LQR, and the Riccati equation) 

• Elements of nonlinear control and multi-agent systems control 

 
Assessment [form of assessment, e.g., final written/oral exam, solutions of problems during the course, final 
project to be handed-in, etc.]: 

Oral examination on the course topics, based on the discussion of a case study chosen by the student. 

 
Suggested reading and online resources: 

Course notes 
K. Åström, R. Murray, Feedback Systems: An Introduction for Scientists and Engineers, Princeton University Press 
J. Speyer, D. Jacobson, Primer on Optimal Control Theory, SIAM Press 
E. Sontag, Mathematical Control Theory, Springer (more advanced) 


