
FEL3230 Graduate Course on 
Hybrid Systems 7.5 credits
Doktorandkurs i hybrida system

This is a translation of the Swedish, legally binding, course syllabus.

If the course is discontinued, students may request to be examined during the following two 
academic years

Establishment
Course syllabus for FEL3230 valid from Spring 2015

Grading scale

Education cycle
Third cycle

Specific prerequisites

Language of instruction
The language of instruction is specified in the course offering information in the course 
catalogue.

Intended learning outcomes
After the course, the student should be able to:

··∙now the essential theoretical tools to model hybrid control systems and cope with krelat 
edkkkkkkkkk verification problems

Course syllabus for FEL3230 valid from Spring 15, edition 1 Page 1 of 4



·k·∙now the essential problems and results in the area

·kapply the theoretical tools to problems in the area

·kcontribute to the research frontier in the area

Course contents
Lecture 1: Course outline. Introduction to hybrid systems. -otivating examples. -odelling 
and hybrid Automata. Meno behavior.

Lecture 2: Stability of hybrid systems. -ultiple Lyapunov Functions.

Lecture 3: StabiliZation of hybrid systems. zuantiZed and event based control.

Lecture Q: Transitions systems, simulation and bisimulation relations for transition sys 
tems, motivational examples 4motion planning problem higher level specifications(. Control 
systems as transition systems. Examples of transition systems as abstractions for control 
systems.

Lecture 5: )isimulation relations for linear control systems 4generaliZation of state space 
equivalence(. Approximate simulation and bisimulation relations.

Lecture B: Approximate symbolic models for control systems. Symbolic models for certain 
classes of nonlinear systems.

Lecture 6: 7erification of hybrid systems: motivation, problems, approaches. 7erification via 
abstraction. Safety and reachability analysis of finite transition systems.7erification of timed 
automata, region graphs.

Lecture V: Symbolic reachability analysis of hybrid systems. 8eachability computation via 
over approximation. Flow pipes.

Lecture R: Advanced verification questions. Temporal logics, model chec·∙ing. Automa 
ta based approach to LTL model chec·∙ing.

Lecture 10: 9roPect presentations.

Disposition
Lectures, relevant list of papersjboo·∙ chapters.

Course literature
/. Lygeros, J.K /ohansson, S. Simic, /. Mhang, and S.Sastry, Hynamical properties of hybrid 
automata, IEEE Transactions on Automatic Control, QV:1, 2 16, 2003.

H. LibertZon, Switching in Systems and Control, )ir·∙hDuser, 2003, part II III
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C. )aier, and /. 9. Jatoen, 9rinciples of -odel Chec·∙ing, The -IT 9ress, 200V 4Chapters 2, 
6(

9. Tabuada, 7erification and Control of Kybrid Systems, Springer, 200R 4Chapters 1, Q, V(

ä. 9appas, )isimilar linear systems, Automatica, 3R412(:2035 20Q6, 2003

ä. 9appas,)isimilar linear systems, Automatica, 3R412(:2035 20Q6, 2003

A. 7an der Schaft, Equivalence of Hynamical Systems by )isimulation, IEEE Transactions 
on Automatic Control, QR412(:21B0 2162, 200Q

A. äirard, and ä. 9appas, Approximation -etrics for Hiscrete and Continuous Systems, 
IEEE Transactions on Automatic Control, 5245(:6V2 6RV, 2006

9. Tabuada, 7erification and Control of Kybrid Systems, Springer, 200R 4Chapter R(

ä. 9ola, A. äirard, and ä. 9appas, Approximately bisimilar symbolic models for nonlinear 
control systems, Automatica, QQ:250V 251B, 200V

-. Mamani, ä. 9ola, -. -aZo, and 9. Tabuada, Symbolic -odels for Gonlinear Con 
trol Systems Nithout Stability Assumptions, IEEE Transactions on Automatic Control, 
5646(:1V0Q 1V0R, 2012

9. Tabuada, 7erification and Control of Kybrid Systems, Springer, 200R 4Chapter 11(

8. Alur, Formal 7erification of Kybrid Systems, 11th International Conference on Embedded 
Software, 2011.

8. Alur, Timed Automata, Conference on Computer Aided 7erification 4CA7(, pp. 36R 3R5, 
1RRR.

C. )aier, and /. 9. Jatoen, 9rinciples of -odel Chec·∙ing, The -IT 9ress, 200V 4Chapter R(.

A. Chutinan, and ). K. Jrogh, Computing polyhedral approximations to flow pipes for 
dynamic systems, IEEE Conference on Hecision and Control, pp. 20VR   20RQ, 1RRV.

ä. Frehse, C. Le äuernic, A. HonZe, S. Cotton, 8. 8ay, W. Lebeltel, 8. 8ipado, A. äirard, 
T. Hang, and W. -aler, SpaceEx: scalable verification of hybrid systems. Conference on 
Computer Aided 7erification 4CA7(, pp. 36R 3R5, 2011.

C. )aier, and /. 9. Jatoen, 9rinciples of -odel Chec·∙ing, The -IT 9ress, 200V 4Chapter 5(.

Examination
)ased on recommendation from JTKOs coordinator for disabilities, the examiner will decide 
how to adapt an examination for students with documented disability. 

The examiner may apply another examination format when re examining individual stu 
dents.

Other requirements for final grade
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9assing ärade based on 3 homewor·∙ assignments and final proPect presentations.

Ethical approach
 ’ All members of a group are responsible for the group•s wor·∙.
 ’ In any assessment, every student shall honestly disclose any help received and sources 

used.
 ’ In an oral assessment, every student shall be able to present and answer questions about 

the entire assignment and solution.
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