

    

        


        
        
                        
                
            
                    


        
            	
                    NguyenDat
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            1 Stability Analysis A. Khaki Sedigh Control Systems Group Faculty of Electrical and Computer Engineering K. N. Toosi University of Technology February 2009 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

22
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Stability - Saba Web Pagesaba.kntu.ac.ir/eecd/khakisedigh/Courses/AdvancedControl/index...• Methods of examining LTI dynamical System Stability • Lyapunov : Stability analysis

                        Mar 14, 2018

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                NguyenDat
                            

                        

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
                        

1
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 • Introduction
 • Stability is the most prominent characteristic of dynamical systems
 • Dynamical Systems Stability from: NLTV to LTV and LTI• Stability of LTI dynamical systems: The Eigenvalue concept • Methods of examining LTI dynamical System Stability• Lyapunov : Stability analysis from NLTV to LTV and LTI• Two main Lyapunov Methods:
 - The First Lyapunov Method- The Second Lyapunov Method
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 • Stability Definitions
 • Equilibrium Point Concept
 ( ) [ ( ), ( ), ]x t f x t u t t=i
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 • Definition Stable Equilibrium Point in the sense of Lyapunov• Definition Asymptotically Stable Equilibrium Point
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 • Definition Domain of Attraction• Definition Globally Asymptotical Stable Equilibrium Point• Definition Unstable Equilibrium Point• Definition Internal Stability• Definition BIBO Stable• Definition T-Stable or Totally Stable
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 • LTI System Stability
 ( )( ) ( )( ) ( )
 x t Ax t Bu ty t Cx t
 = +
 =
 i
 Autonomous Systems with Distinct Eigenvalues Yields:
 ( )1
 ei
 nt
 i ii
 x t e λµ=
 =∑• Theorem A System is Stable in Lyapunov Sense if and only if:
 - All Eigenvalues have Non-Positive Real Parts- Complex Eigenvalues are Simple
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 • Theorem An LTI system is Asymptotically Stable if and only if it is Globally Asymptotically Stable.
 • Theorem An LTI system is Asymptotically Stable if and only if
 it’s Eigenvalues have Strictly Negative Real Parts.
 • Theorem An LTI system is BIBO (Bounden Input-Bounded Output) Stable if and only if All transfer Function Poles have Strictly Negative Real Parts.
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 • Theorem If an LTI system is Controllable and Observable, then the following terms are Equivalent
 - System is Totally Stable.- Systems Zero State Response is BIBO Stable.
 - Transfer Function Poles have Negative Real Parts.- Eigenvalues of the State Matrix have Negative Real Parts.
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 • Stability Analysis of Nonlinear Systems in Operating Points After Linearization
 • Theorem System
 ( ) [ ( ),0] and ex t f x xt=i
 ( ) ( )Where, Jacobian of at e
 x t Ax t
 A f x
 ⇒ =
 =
 i
 That is, State Matrix Asymptotic Stability yields Nonlinear System Asymptotic Stability in a specific operating point.
 • Lyapunov’s First Method

Page 10
                        

10
 • Lyapunov’s Second Method
 • A General Stability Analysis of Dynamical Systems from an Internal System Point of view.
 • Lyapunov Theory is Common Practice in Analysis and Design of Dynamical Systems.
 • Lyapunov Candidate Function.• Existence of Lyapunov Function.• Uniqueness of Lyapunov Function ?
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 • Mathematical Preliminaries
 • Quadratic Forms
 1 1
 ( )n n
 ij i ji j
 V x a x x= =
 =∑∑
 ija R∈1( , , )nx x x=
 [ ]11 12 1 1
 21 22 2 21 2
 1 2
 ( )
 ,
 n
 nn
 n n nn n
 T
 a a a xa a a x
 V x x x x
 a a a x
 x Ax x Ax
 =
 = = Symmetric Matrix
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 • Definition Positive Definite Scalar Function in vicinity of• Definition Positive Semi Definite Scalar function in vicinity
 of• Definition Negative Definite Scalar Function in vicinity of• Definition Negative Semi Definite Scalar function in vicinity
 of • Definition Indefinite Scalar function in vicinity of
 • Scalar Function Sign Determination Methods.
 ( )V x
 ( )V x
 S
 ( )V x S
 ( )V x S
 SS( )V x
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 • Lyapunov’s Second Method
 • Classical Mechanical Theory Principal: Oscillating Systems with No Stimulating Input are Stable if their Total Energy is Continuously Decreasing.
 • Lyapunov Theory Based on Energy Function• Generalized Energy Function or Lyapunov Function• Lyapunov Candidate Function• Properties of Lyapunov Candidate Function
 1( , , )nx x x=
 ( )V x
 ( )dV xdt
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 • Lyapunov Function Illustration
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 • Theorem System is Asymptotically Stable in Locality of Equilibrium Point in origin if there exists a Scalar Function such that:
 ( ) 0 for 0 V x x> ≠
 (0) 0V =
 ( ) 0 for 0dV x xdt
 < ≠
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 • What if Lyapunov Function’s Derivative is Negative Semi Definite?
 • Do System Trajectories Zero Lyapunov Function’s Derivative? Revised Asymptotic Stability Condition
 ( ) 0, ( ) 0 f ( ( )) V xx V tx x≤ = ⇒ ≠i i i
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 • Theorem A system is Asymptotically Stable in vicinity of Origin if it has only One Equilibrium Point, Furthermore there exists a Scalar Function so that:
 ( ) 0 for 0 V x x> ≠
 (0) 0V =
 Function is Continuous on entire State Space and its Partial Derivatives are also Continuous
 ( ) for V x x→∞ →∞
 ( ) 0, ( ) 0 f ( ( )) V xx V tx x≤ = ⇒ ≠i i i
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 • Theorem (System Instability)
 Continuous in S with con( ) 0, (0) 0,
 tinuous partial derivative( ) sV x VV x
 ≥ =
 A system is unstable in the vicinity of origin if there exists a scalar function that:
 ( ) 0, (0) 0 V x V> =i i
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 • Lyapunov Stability Analysis for Linear Time Invariant Systems
 Linear Time Invariant System:
 ( ) ( )x t Ax t=i
 • Necessary and Sufficient conditions for Linear Time Invariant Stability based on Eigenvalues and Characteristic Equation
 • Lyapunov Algebraic Method for Stability Analysis of Linear Time Invariant Systems
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 • General Structure
 ( ) ( ) and ( ) Tx t Ax t V x x Px= =i
 Symmetric Matrix
 ( ) ( ) ( ) ( )
 T T
 T T
 T T
 T
 V x x Px x P xAx Px x P Ax
 x A P PA xx Qx
 = +
 = +
 = +
 = −
 ii i
 TA P PA Q+ = −
 Symmetric Matrix
 Lyapunov Equation
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 • Stability Evaluation Using Lyapunov’sSecond Method
 • Step 1: PD or PSD Matrix Selection
 • Step 2: Solving the Lyapunov Equation
 • Step 3: Sign Determination of the Matrix
 • Step 4: Stability Evaluation from the Sign of the Matrix
 Matrix in Step 1 PD or PSD?
 Q
 T P PA A Q+ = −
 P
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 • TheoremThe following system
 ( ) ( ) x t Ax t=i
 is asymptotically stable if and only if
 PD Matrix PD MatrixQ P⇒
 Proof See Ref [1]
 PSD Case?
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