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Lecture

5
Stability

Topics to be covered include:

Introduction.

Input-Output Stability of LTI systems.

Internal Stability.

Lyapunov Theorem.

Stability of Linear Time-Varying(LTV) Systems
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Input output stability of LTI system
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Input output stability of LTI system
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Input output stability of LTI system
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Input output stability of LTI system
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Input output stability of LTI system
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Input output stability of LTI system
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LTT sl (25,5 69955 el

Sygo dy a8l cpl cls dolae .0y 0 LS 0 1) g IS 50 oald eoly ylis aSll s V-0 JLs
AS ey |y I BIBO (6 lal el 5

x(t) = x(t)+0xu(r)
(&) =0.5x(¢)+0.5u(?)

31 S (el iy S ofzg ke el Nl T ok ke g A e 5le

) e e Uil s

2(s)=0.5(s—1)" x0+0.5=0.5

2o BIBO il oy ol b 03 izl s

11/30/2013



Internal stability S sk
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Internal stability S sk
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Internal stability S sk
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Internal stability and input-output.stability, , =15 & lub
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The system is not internally stable (neither asymptotic nor Lyapunov stable).

Very important note: If RHP poles and zeros between different part of system
omitted then the system is internally unstable although it may be BIBO stable.
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Internal stability S sk

Vb awdd
R LS‘)’ ;‘ lass 9 ;‘ [TS SUWW- ] >J.~o >_ﬂ...ﬂ.’> ’,uDu ’. 6‘)& A u.u.').aLo o).sj ).M)LQA raLo.s
b M USG5 cute e

DS B3, 598 anad N\ V=08 (9 pod
A'M +MA=—N SgLlJ doles il ite ib> Lisu g0 A ohg polis ples 3]

o0
" (I)eA Wedld o 25 Syye & QUG Slez GLION (sl o <l o

QS SLST, 398 anad Y-8 (ol

BIBO stability of LTV systems
LTV (slgir 3 BIBO (sl
(9 - (69959 Skt (yloj b ke e S5 (52 9,5 (6999 akul,

y(t) =] g(t,t)u(r)dr
4 e dgame $3955 B &5 (Sy90 ;5 Sl BIBO L (g 5-659)9 )l Gl pien S
Dl 39ae (g,
@S Sl oyl BIBO Syl b

[lg(t,0dr <M <o Vi, t, and t>1,
o pudtondy (b (yloj b e i 9 (o2 9,5 599)9 4kl
y(t)y =[G (t,t)u(r)dr

Loy ail pdy IS0 Glae yoka G alyo o a5 caun] 593 piww BIBO (gl b,

J|Gt,0)|de <M <o Vi, t, and t21,

11/30/2013

11



BIBO stability of LTV systems
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Internal stability of LTV systems
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Exercises L ypod

5.1 Is the network shown in Figure BIBO stable? If not. find a bounded input that will excite an unbounded output.

I

I

5.2 Isasystem with impulse response g(1) = 1/(¢+ 1) BIBO stable? How about g{/) = 7¢™ fors > 07
5.3 Considerasystem with transfer function §(s) = (5 ~2)/(s+1). What are the steady-state responses excited by

w(ty =3, forr = 0, and by u(r) = sin2¢, forr > 0?7

54 Consider
i:[—l 10]x+['~2]u
0o 1 0
y=[

-2 Ax—2u

Is it BIBO stable?

5.5 Consider ~1 10 3
X= [ 0 ‘}x + [ 0 ]u
y={=2 3]x-2u 27

Is the state equation marginally stabie? Asymptotically stable?

Exercises L ypod

5.6 Is the homogenecus state equation
-1 0
X = O 0 0fx
000

marginally stable? Asvmptotically stable?

5.7 Is the homogeneous state equation

-1 0 1
X = 00 1 |x
0 00

marginally stable? Asvmptotically stable?

5.8 Is a system with impulse response g(t,7) = e 271" fér r > 7, BIBO stable? How
about g(r, T) = sint{e~""")cos 77
5.9 Consider the time-varying equation
’

x=2x+u y=¢&'x

Is the equation BIBO stable? Marginally stable? Asymptotically stable?
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Exercises L ypod

5.10 Show that the equation in Problem 5.21 can be transformed by using X = P(z)x, with
P()=e™", into

P=0-f+en  y=x

Is the equation BIBO stable? Marginally stable? Asymptotically stable? [s the transfor-
mation a Lyapunov transformation?

5.11 Is the homogeneous equation

S LS,V anad AT -0 oy yod

S LT, A= apa8 NY-8 (o pod
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Answers to selected problems

N-0 Olg
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