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Stability and Control of Non-linear Systems

The main aim of this module is to introduce the concepts and theoretical techniques 
needed to study the stability and stabilization of nonlinear control systems, with 
particular attention being paid to Lyapunov-based analysis, robustness to 
exogenous disturbances and design of control feedback laws.

Available as a standalone module/ short course?

Incl. seminars, tutorials, problem classes.

Incl. project supervision, fieldwork, external visits.

Incl. wider reading/ practice, follow-up work, completion of assessments, revisions.

Incl. work-based learning and study that occurs overseas.
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The module will cover the following key topic areas:
Bidimensional systems and phase plane analysis
Lyapunov stability theory and linearization based methods
Input-to-State Stability and Small Gain Theorem
Dissipativity and Passivity of isolated and interconnected systems
Control Synthesis and Feedback Linearization 

Supplementary  reading material:                                                                                                               
[1] E. D. Sontag, Mathematical control theory : deterministic finite dimensional 
systems, 2nd ed. New York : Springer.
[2] S. Sastry, Nonlinear systems : analysis, stability, and control. New York : Springer.
[3] A. J. van der. Schaft, L2-gain and passivity techniques in nonlinear control. 
London: Springer.                                                                                                                       
[4] A. Isidori, Nonlinear Control Systems, 3rd edition. London, UNITED KINGDOM: 
Springer. 
[5] A. Isidori, Nonlinear control systems, 3rd ed. Berlin : Springer.                                        
[6] A. Isidori, Nonlinear control systems II /. London :: Springer.                                           
[7] H. K. Khalil, Nonlinear systems, 3rd ed. Upper Saddle River, N.J.: Prentice Hall.              
[8] M. Krstic and P. V. Kokotovic, Nonlinear and adaptive control design. New York : 
Wiley-Interscience, 1995.                                                                                                           
[9] B. Brogliato and O. Egeland, Dissipative systems analysis and control : theory 
and applications, Second edition. London : Springer, 2007.                                                      
[10] J.-J. E. Slotine and W. Li, Applied nonlinear control. Englewood Cliffs : Prentice-
Hall, 1991.                                                                                                                             
[11] E. D. Sontag, Input to state stability: basic concepts and results. pp. 163–220.

Owing to the presence of nonlinearities, a substantial amount of new technical tools 
are needed. Classes will normally introduce the new tools by illustrating them through 
examples and giving proofs of key results, to add insight. Most of the course is about 
continuous time systems modelled by differential equations. Alongside lectures you 
will do one coursework to further your understanding of phase portraits, numerical 
simulation, robustness and passivity using a model of a robotic arm.

3 hour open book exam (75%) and one coursework (25%), handed out after 7 
lectures, dealing with phase-portraits, qualitative behaviour of nonlinear systems, 
understanding of robustness, passivity and their implications in practical applications. 

Formative feedback is given through comments and remarks on the coursework 
delivered within 2 weeks of submission. Moreover, formative feedback is provided in 
an on-going basis as students are welcome to ask for in person clarifications during 
class or afterwards. Exams solutions are provided in blackboard.

By the end of the module you will be able to:
- Analyse the dynamical behaviour of nonlinear systems
- Appraise the qualitative layout of solutions of bidimensional systems
- Assess the stability and robustness of a nonlinear system subject to exogenous 
disturbances
- Devise feedback controllers for nonlinear control systems
- Interpret behaviour of numerical simulations of nonlinear systems                                             
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Supplementary  reading material:                                                                                                               
[1] E. D. Sontag, Mathematical control theory : deterministic finite dimensional 
systems, 2nd ed. New York : Springer.
[2] S. Sastry, Nonlinear systems : analysis, stability, and control. New York : Springer.
[3] A. J. van der. Schaft, L2-gain and passivity techniques in nonlinear control. 
London: Springer.                                                                                                                       
[4] A. Isidori, Nonlinear Control Systems, 3rd edition. London, UNITED KINGDOM: 
Springer. 
[5] A. Isidori, Nonlinear control systems, 3rd ed. Berlin : Springer.                                        
[6] A. Isidori, Nonlinear control systems II /. London :: Springer.                                           
[7] H. K. Khalil, Nonlinear systems, 3rd ed. Upper Saddle River, N.J.: Prentice Hall.              
[8] M. Krstic and P. V. Kokotovic, Nonlinear and adaptive control design. New York : 
Wiley-Interscience, 1995.                                                                                                           
[9] B. Brogliato and O. Egeland, Dissipative systems analysis and control : theory 
and applications, Second edition. London : Springer, 2007.                                                      
[10] J.-J. E. Slotine and W. Li, Applied nonlinear control. Englewood Cliffs : Prentice-
Hall, 1991.                                                                                                                             
[11] E. D. Sontag, Input to state stability: basic concepts and results. pp. 163–220.
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Examination 3 hour open book written examination 75% 50% N
Coursework Simulation and analysis of robotic arm 25% 50% N
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