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Outline

• Review of Previous Lecture

• Design of Lyapunov Functions for Stability 
Linear Matrix Inequality (LMI)

• Design of Lyapunov Functions for Stabilization
Bilinear Matrix Inequality (BMI)
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Lyapunov Stability Definitions (2)
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Stability of Nonlinear Systems (2)
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Design of Lyapunov Functions for Stability (1)

NOO almighty method for general al nonlinearr systems 

YESS when the systems are e linear

Aymptoticallyy Stable (e (ASASA )

The linear system                            is AS (ES)  )  iff                                    

Lyapunov Equation

Linear Matrix InequalityMatrix Ine
(LMI)

Lyapunov equations and LMIs can 
be solved efficiently with MATLAB

Design of Lyapunov Functions for Stability (2)



Definition and Properties of LMI (1)

LMI formulation (in scalar variables)

LMI is convex

LMI can be simultaneous

Notations

Definition and Properties of LMI (2)

LMI in matrix variable 

Definition and Properties of LMI (3)

Properties of positive (negative) definite matrices

Schur Complement 

Definition and Properties of LMI (4)

LMI: linear w.r.t.  (matrix or scalar) variables

Not LMI but equivalent to LMI



Solving LMIs in Robust Control Toolbox

The linear system                                                   

Lyapunov Equation

Linear Matrix InequalityMatrix Ine
(LMI)

Extension to Stability with Convergence Rate

The uncertain linear system                             

Extension to Robust Stability (1)
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Consider state feedback for linear control system 

Design of Lyapunov Functions for Stabilization

Closeded-d-loop system

Closeded-d-loop system is AS  S  iff

BMI with respect to , due to 
can not be solved with MATLAB

Design of Lyapunov Functions for Stabilization

Closeded-d-loop system

Closeded-d-loop system is AS  S  iff

LMI with respect to ,

State feedback for the uncertain linear control system                        

Extension to Robust Stabilization (1)

Control specification                            

Closeded-d-loop system

Extension to Robust Stabilization (2)

Closeded-d-loop system

is AS and                                                                                         if 

LMIs



Robust Stabilization for MDK Systems (1)

MDK (mass-spring-damper) system

Robust Stabilization for MDK Systems (2)

Control Specification                            

Robust Stabilization for MDK Systems (3)

Robust Control Toolbox 
in MATLAB

Robust Stabilization for MDK Systems (4)

State Convergence

Control Input



Conclusion 

• Review of Lyapunov stability in modern control systems

• Definition of LMIs and properties 

• LMIs for stability analysis of linear systems 

• LMIs for stabilization of linear systems

•• More Topics: 
Controller design with structure specification/limitation
Extension to LaSalle’s Invariance Principle, etc
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Thank you for your kind attention!

Additional References

• Time-variant systems  

• Linearized nonlinear systems  arized nonlinear systems  

• Uncertain systems (norm-bounded or polytopic) 

• Stochastic control systems 


