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tureP:C =Ax; It re
Quadratic forms:(/(0) =x4.Px

P =pT>0: symmetric; positive definite

↳ je-values >0)
X (0) =0;N1x) 30; 4x c11" (30)
him W(x) = + y (VIN): positive definite
1102)) -> y radially round

Ex:n =2 =0 =[-%8]
A, =0, >0 conditions for P=p>0
an =0.8 -80] all principal in hors ①positive



The: (I) system in=Ar is stable
-

Si.e., E =0 is GAS A is a Hivritz matrix

Ii
sa ervalues have negative
real parts)

Ha =aso,zo s.t.

④=- Q. ...(ALE)
Moreover, suc 0 is a unique (solution
toALE) andis given by:

⑪

P =Se
At Q eAtdt and

X (u) =xTPS is a hyapynor function
for i=As.B



Proofofsufficiency;
propose:VIUFOTORor
1 =Px +xP =

= [Ar)poc +xp.[Ax) =

=xTATPx +sTPAx =

=xTA)x =

- Q

= - xx x0 -**GR"303
Note:This for conlinearsystless gives
sufficientconditions for stability but it
DOES Not tell us how to construct(IUI). B



In LTI case, we know how to construct
X2): Startwith G =0

T

>;solve (AL)
20r P => V1x1

=xTPOK.

E(-_e]; ohts-A) =$1 +t
I =>stability

(i)(-8
-)

2,l >X

-[8]a



ATP+PA =

I **
-![ - 20

2, => Po ==8
↳P2= =20
&=z_*lte/P2 - Px

↳ 02 =t.(P0 +2) =r2 +22)-05



sitevenbeen
DeFor 20 =0 PI--

8,P =(4+P)+E) =
- -.

-

Thus, for Q =[I I with22

2,70; 22 and9so,l>
=>p=pT>0 => hi) soster state



Recall:withVIV) = 2,+"
P =2;0 =0;P=

we have:

y =

- y
T

y =- (x)(cx) Eo

[ i]c =(0 () => a =cTc =

0

a =a0 but notpositive
positive semi-obsizitefor bob definite

CAN NOT Use previous Tes

but can Invole (a salle's
Invariance principle. ⑦



( =0 =y =(x =0

-

) =e
6=0

=3 YIt) =0

Q:Is there any 34.F0 S.t.

1) =ceAtx =0?
It Yes, LT) system is NOT
Observable. ↳ Salle
Observabilityof (A,C) ->
GAS of

=0 of DED ⑧



rcere
(A,Observable

iFEE585

Kalman ranch at ranch(E)er
or

PBH Test ranh[($ -A)!Y) =3
for all sele-rules ofAL.

⑤



A =(-a -h);c =[0(n)

CA =30 re).[-a -
b] =

= (- ave -ex)
D Vo

E ii) =[-are - loFI
(i)=a at

aso
⑩



comments:

3
=(x) =ATP

+PA =- xa
10 =Ar

Observability p=IgAtgAt ot
greening Q

2° =Au +B4; AX+XAT
=

- BBt
controllability
gramin X =eAeAtdt

15 4:Whitenoise, withtero mon

andidentitycovenance matrix
(E) n(t) nT(E)) =1.51 -5) ⑪



If vi =Ars is stable

X =lin (EGx(t) .xT(t)
t -y

E-T(T) systems
x1 +1) =Ax 1); t =0, 1,2,3,...

#A-P=-a vs.
2(P) = - Q

X(x) =xDo
[ACI+DT Ax(t)
- -

X(x1t+)) - Xy(t) =x
+

1 +1)Px1 ++1) -
- utts.0 5 It) ⑫



0 =E(AT)t,aAtr.
P=(eA+rett

9.T.

⑬


