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• Recap Stability
• Predicting transients from

eigenvalues

• Feedback/ Stabilizing control !
⑧

Stability :
-

Discrete-time Linear system XEIR"
#

HEIR"
X#ti -- TA Xu * Buu Htc

stability ⇐ DX :/ L L V i e { I, . - ' in}

di eigenvalues at A

Instability €7 I. i Esch . . - in} : Itil 71

Continuous -time Linear system
- XER

"

little ANTI t Bua, t c " ER
"

stability ⇒ Re{ di } Lo Hic. Eh . .
- in }

Xi eigenvalues of A

Instability ⇐7 ¥ it { I . . . . ,n3 : Re{ Xi 370



Discrete - times
#

ImEx3

#¥Re{x}
Stable

Marginally Stable

continuous - time :
-

""



FXe : pendulum ( no control )

:
x'HII!!! .÷.
.

Linearized System :

sinus - f:*.! .ua/dN"
*: - Fil x :O. . I :/
"

Liu,=f% . '%sxcn
"

i⇐ ,ed""

* =
¥¥¥¥¥¥

it # at # ⇒

* Catan)
- Ke - o x -- Kathak

µ them X - 9/1 EEO z



Transients. and Eigenvalues
-

Xu. - A Xu t Bu. AVIVA.

define Zu = V
- '

Xu

Xue V zu

Zun = V
- '

AV zu t V
- 'Buu

-

- th zu t V
- ' Bux

Zi[UH] = di Zick ] t bi Ulu )

Zick] = Ahi
#
Zico] t ¥! Xi"" - tb; Uft )
-

write Xi = I it eiw (polar form)

dit = I * It ett ± tail
#
cosh# t jlx.tt sin cut)
- -

X (x) = V E- [µ, ]
Real imaginary



Continuous - time (diagonalizes )

X. Cts = AXES t BUCH

ZAK V
- '
Nfl

Ect ) = -1# t V
- "
BUCH

Zill = edtz.co) t ( ion
"

, )
-

*= at ja

ext = eat ejwt = ettcoscwttjedtsinlwt)
- -
real imaginary

Zi (t ) E Zito) ettcoslwtltjziloledtsincwt)
( IEEE Zico) is Kealy

Nfl = VEGH



Di s c r e t e - time

*

t¥0
*

Continuous- time

¥: ⑤
-

e
*

to ÷÷÷.



Examines RLC circuit

raw-mm-11
a'Htt.

R 70

( 70

Kkk ! *Ht
"t) c > o

* t Ext Ic IO
*
I
2L

x=%±EtI wit
= -atME

RE

A 7 Go ⇒ eigenvalues real
,

negative

a two ⇒ * = - x±jw
⇐

w -- FET



Feedback ! Xue IR
"

- Uu EIR
"

Xun = A Xu 1- Buy

consider : we want to reach

X= O EHR
" from any

initial config

Define a control policy :

Ul*X .
KEIRN"

Xx" = ( A -BMX .
we can choose values of K

Such that eigenvalues at

(A - 4331141 have Magnitude less

than I



If the System is controllable
,

we can choose K to

achieve any eigenvalues we

want .

'¥
Xu. . -- f : Haut un

w in

A B

dat (XI -A) = K - az* -a ,
= o

Uu E - ④ Xp, KK=[ ki Uz )

⇒ Xu
,
= Cafu ,

la
,

XK

-
CA -Blk )

N - ( az - Kz) x - (a ,
- ④ i ) =0

we desire
- -

ergonomics I. I , ⇒ (x-KiXx -ai) - o



I - ( Iit E)* * IE = o

- -

I
,
t In = a

z
- Kz

- I
,
I
,
= a ,

- K ,

⇒ K
,
= a

,
t I , 55

Kz = a z - I , -54
Ex z :

Fluty = flo {1×1*3 t UH

ft - But = ft ; ' Iif
X ,
= I - K ,

Ka = 2

*Intl ] ⇐ 2×21*3



Continuous - time .

.

XEIR"

-
UEIRM

X. Ctl = A xct ) t BUG )

define Uct ) := - Kut )

X. HI -_ CA - BK )xHl
choose IT such that

eigenvalues at (A- BK )
have negative real part



Example :
-

'

'

¥0
Ult )-3

I

1-y

Ntl :=g)
x"'

Ii:
Linearize around *

*
= [ 0 ,

o
, OJFT

dxltkf.EE/oo:.1dxHtfIne/du'
wa ←



choose M =/ 1=1

m = 0.1 GETO

ducts := - Kdxct)

A- Bk -11
.
! :o) - filk

i÷÷÷.÷,
* t ( Ks - Kz)x't f - ki -4) K - 10*3=0

( x -E.)( x - E) ( x - Is)=o
=) Match Coerticients

Choose Q
, ,
Kz ,K3 accordingly


