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Modern Control Systems 2
 Any bounded input yields bounded output, i.e.
 MtyNtu )()(
 BAsICsq
 spsT 1)(
 )(
 )()( For linear systems:
 BIBO Stability ⇔All the poles of the transfer function lie in the LHP.
 0)( sq
 Characteristic Equation
 Solve for poles of the transfer function T(s)
 Bounded-Input Bounded-Output (BIBO) stablility
 Definition: For any constant N, M >0
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Modern Control Systems 3
 Asymptotically stable ⇔ All the eigenvalues of the A matrix
 have negative real parts
 (i.e. in the LHP)
 ttx
 Axxtu
 as 0)(
 system thee. i. 0,)( When
 Cxy
 BuAxx
 AsI
 BAsIadjCBAsIC
 sq
 spsT
 ][ )(
 )(
 )()( 1
 0 AsI Solve for the eigenvalues for A matrix
 Asymptotic stablility
 Note: Asy. Stability is indepedent of B and C Matrix
 For linear systems:
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Modern Control Systems 4
 Asy. Stability from Model Decomposition
 ,n,ivAv iiii 1 , satisfying , i.e.
 Suppose that all the eigenvalues of A are distinct.nnRA
 CTC
 BTB
 ATTA
 1
 1
 DuCTzy
 BuTATzTz
 11
 ATT 1][ 21 n,v, , vvT Coordinate Matrix
 nnn
 2
 1
 2
 1
 2
 1
 00
 0
 000
 000
 Hence, system Asy. Stable ⇔ all the eigenvales of A at lie in the LHP
 ,)0()0()0()()( 221121
 nt
 ntt ξevξevξevtTtx n )0()0( 1xTξ
 ivLet the eigenvector of matrix A with respect to eigenvalue i
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Modern Control Systems 5
 In the absence of pole-zero cancellations, transfer function poles are identical to the system eigenvalues. Hence BIBO stability is equivalent to asymptotical stability.
 Conclusion: If the system is both controllable and observable, then
 BIBO Stability ⇔ Asymptotical Stability
 Asymptotic Stablility versus BIBO Stability
 • Asymptotically stable
 • All the eigenvalues of A lie in the LHP
 • BIBO stable
 • Routh-Hurwitz criterion
 • Root locus method
 • Nyquist criterion
 • ....etc.
 Methods for Testing Stability
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Modern Control Systems 6
 input. forcing theof absence theinit from movenot willsystem thestateat that starting if
 state, mequilibriu an called is system autonomous an of state A ex
 ))(),(( tutxfx
 0,0)0,( ttxf e
 )(1
 1
 32
 10tuxx
 0
 00
 32
 10get we
 ,0)(Set
 2
 1
 2
 1
 e
 e
 e
 e
 x
 x
 x
 x
 tu
 Example:
 1x
 2x
 Equilibrium point
 Lyapunov Stablility
 In other words, consider the system
 satisfymust state mequilibriu ex
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Modern Control Systems 7
 Definition: An equilibrium state of an autonomous system is stable in the sense of Lyapunov if for every , exist a such that for
 ex
 0 0)( ee xxtxxx ),( 00 0tt
 1x
 2x
 ex
 0x
 )(tx
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Modern Control Systems 8
 Definition: An equilibrium state of an autonomous system is asymptotically stable if
 (i) it is stable (ii) there exist a such that
 ex
 0e txtxxx eee as ,0)(0
 1x
 2x
 ex0x
 e
 )(tx
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Modern Control Systems 9
 Lyapunov Theorem
 )(xfx
 0 :State Eq. ex 0)0( f
 0,0)( )1( xxV
 0for0)0( )2( xV
 0)()()(
 )3( xfdx
 xdV
 dt
 xdV
 0,0)(
 xdt
 xdV 0 0)(
 xdt
 xdV
 Consider the system (6.1)
 A function V(x) is called a Lapunov fuction V(x) if
 Then eq. state of the system (6.1) is stable.
 Then eq. state of the system (6.1) is asy. stable.
 Moreover, if the Lyapunov function satisfies
 and
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Modern Control Systems 10
 Explanation of the Lyapunov Stability Theorem
 1. The derivative of the Lyapunov function along the trajectory is negative.
 2. The Lyapunov function may be consider as an energy function of the system.
 2x
 1x
 ))(( txV
 )(tx0
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Modern Control Systems 11
 Lyapunov’s method for Linear system: 0where AAxx
 PxxxV T)(Proof: Choose
 0for 0,)(
 )(
 xQxxxPAPAx
 PAxxPxAxxPxPxxxV
 T
 TT
 TTT
 TT
 The eq. state is asymptotically stable. ⇔For any p.d. matrix Q , there exists a p.d. solution of the Lyapunov equation
 QPAPAT
 0x
 QPAPAT
 Hence, the eq. state x=0 is asy. stable by Lapunov theorem.
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Modern Control Systems 12
 Asymptotically stable in the large ( globally asymptotically stable) (1) The system is asymptotically stable for all the initial states . (2) The system has only one equilibrium state. (3) For an LTI system, asymptotically stable and globally
 asymptotically stable are equivalent.
 )( 0tx
 )(, xVx
 )(, xVx
 Lyapunov Theorem (Asy. Stability in the large)
 If the Lyapunov function V(x) further satisfies
 (i)
 (ii)
 Then, the (asy.) stability is global.
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Modern Control Systems 13
 Sylvester’s criterion A symmetric matrix Q is p.d. if and only if all its n leading principle minors are positive.
 nn
 Definition The i-th leading principle minor of an matrix Q is the determinant of the matrix extracted from the upper left-hand corner of Q.
 niQi ,,3,2,1 nnii
 QQqq
 qqQ
 qQ
 qqq
 qqq
 qqq
 Q
 32221
 21112
 111
 333231
 232221
 131211Example 6.1:
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Modern Control Systems 14
 Remark:(1) are all negative Q is n.d. (2) All leading principle minors of –Q are positive Q is n.d.
 nQQQ ,, 21
 3
 2
 1
 321
 3
 2
 1
 321
 2332
 2131
 21
 132
 330
 202
 100
 630
 402
 6342)(
 x
 x
 x
 xxx
 x
 x
 x
 xxx
 xxxxxxxxV
 0240602
 3
 2
 1
 QQQ
 Q is not p.d.
 Example:
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Modern Control Systems 15
 xx
 11
 10
 21
 13
 2
 1
 10
 01
 11
 10
 11
 10
 for Solve
 Assume ,Let
 2212
 1211
 2212
 1211
 2212
 1211
 2212
 1211
 pp
 ppP
 pp
 pp
 pp
 pp
 IPAPA
 pp
 ppPIQ
 T
 050311 Pp P is p.d.
 System is asymptotically stable
 The Lyapunov function is:
 )()(
 )223(21)(
 22
 21
 2221
 2
 1
 xxxV
 xxxxPxxxV T
 Example:
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Modern Control Systems 16
 !2
 )()(
 !1
 )()()()(
 2
 2
 2e
 xx
 e
 xxe
 xx
 dx
 xfdxx
 dx
 xdfxfxf
 ee
 Neglecting all the high order terms, to yield
 )()(!1
 )()()()( ee
 e
 xxe xxmxf
 xx
 dx
 xdfxfxf
 e
 Linear approximation of a function around an operating point ex
 Let f (x) be a differentiable function.Expanding the nonlinear equation into a Taylor series about the operation point , we haveex
 )()()( ee xxmxfxf
 ex x
 )(xf
 x
 )( exf
 )(xf
 Modern Control Systems
 where
 exxdx
 xdfm
 )(
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Modern Control Systems 17
 , , e wher),(),,(
 )()()(),,(
 ),,(
 11
 222
 111
 1
 1
 eeee
 eee
 xxnxxxxe
 xxnee
 nenxxn
 exxexxnee
 n
 x
 f
 x
 f
 x
 fxx
 x
 fxxf
 xxx
 fxx
 x
 fxx
 x
 fxxf
 xxf
 nRxLet x be a n-dimensional vector, i.e.
 Let f be a m-dimensional vector function, i.e.
 mn RRxf :)(
 ),,(
 ),,(
 ),,(
 ),,(
 1
 12
 11
 1
 nm
 n
 n
 n
 xxf
 xxf
 xxf
 xxf
 Multi-dimensional Case:
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Modern Control Systems 18
 Special Case: n=m=2
 )( )()()( eexx
 e xxAxxx
 fxfxf
 e
 Txxx ] ,[ where 21 A
 x
 f
 x
 f
 x
 f
 x
 f
 x
 f
 ee
 ee
 e
 xxxx
 xxxx
 xx
 2
 2
 1
 2
 2
 1
 1
 1
 and
 Linear approximation of a function around an operating point ex
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Modern Control Systems 19
 )-())(( exxAtxfx
 exxz -whereAzz xxxz e -and
 Let exbe an equilibrium state, from
 The linearization of around the equilibrium state is))(()( txftx ex
 Linear approximation of an autonomous nonlinear systems ))(()( txftx
 2
 2
 1
 2
 2
 1
 1
 1
 ee
 ee
 e
 xxxx
 xxxx
 xx
 x
 f
 x
 f
 x
 f
 x
 f
 x
 fAwhere
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Modern Control Systems 20
 Example : Pendulum oscillator model
 0sin2
 2
 MgL
 dt
 dJ
 From Newton’s Law we have
 1
 2
 2
 1
 sin
 - xJ
 MgLx
 x
 x
 21 , xxDefine
 We can show that is an equilibrium state.0ex
 where J is the inertia.
 (Reproduced from [1])
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Modern Control Systems 21
 The linearization around the equilibrium state is0ex
 xz where xz and
 Method 1:
 11
 01
 11212
 112
 0)-()(sin
 sin0-sin(0)-)(
 sin)(
 1
 zxdx
 xdxfxf
 xxf
 x
 1
 2
 2
 1
 - zJ
 MgLz
 z
 z
 2221221 0)-((0)-)( )( zxfxfxxf Example (cont.):
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Modern Control Systems 22
 The linearization around the equilibrium state is0ex
 1
 2
 2
 1
 2
 1
 -0-
 10
 zJ
 MgLz
 z
 z
 J
 MgLAzz
 z
 xz where xz and
 Example (cont.):Method 2: 1221 sin-)( ,)( x
 J
 MgLxfxxf
 AJ
 MgL
 x
 f
 x
 f
 x
 f
 x
 f
 x
 f
 ee
 ee
 e
 xxxx
 xxxx
 xx
 0-
 10
 2
 2
 1
 2
 2
 1
 1
 1


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            GENERIC STABILITY THE SPECTRA FOR BOUNDED...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Bibo and Dino's Quest

                                            
                                                
                                                    Category: 
                                                    Education
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Stability of wall-bounded flow modified to the of...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Bibo & citavi sdl kita

                                            
                                                
                                                    Category: 
                                                    Technology
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Hybrid Adaptive Flight Control with Bounded Linear …...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            The Linear Stability of Cartesian Plumes in a Bounded Region

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            BIBO SZAZ kiallitas ismerteto

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Multiservicios Alex: Catalogo Bibo

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            locandina BIBO

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            catalogo bibo

                                            
                                                
                                                    Category: 
                                                    Lifestyle
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            .تسین ینآ یجوخ و یدورو هطبار هک...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Catalogo bibo 2014

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















