
1. Linearization & Phase Portraits
: State -Space Representations

System model State 1
, inputoutput ,

time

(a)
Y = 1(X , 1 , t)

· Autonomous : (1) doesn't depend on 1
.

· time - invariant : (1) doesn't depend on +

-> Control-affineSystems time - invariant and affine W
.

r
.

t I

1 = f(x ,
1

, t) : = E(x) + G(X)1



1. Linearization & Phase Portraits
2 : Linearization

Linear , at equil . Point

· time- invariant dynamics I = ((X , 4),= 1(*
,
1)

· Equilibrium Point (EP] **, ** with f(**, M
*) = 0 #t I to

=> Linearization via Taylor series expansion :

↓(t) = (* + 0X(t) = f(x* + JX()
, 1

*
+ xU(t)

= f(**, y
*) + A**(t) + Boy(t) +&(0x2, 044

Linearized Model (R@) 4*(H) = AXX(t) + BOUSt)

Ismall - signal 4A(t) = [Ox(t) + Dou(t)

-> Jacobi-Matrix

]
A =()()

-

B = [](***)

c = [](****)
,

D = []( ****)
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2 : Linearization

Linearization about Reference Trajectory
· time- in variant dynamics * = f (X , 1)

, y= h(X
, 1)

· Reference trajectory **(t)
,

&
*(t)

,
+ =0

=> Linearization via Taylor series expansion
:

I(t) = (*(t) + XX(t) = f(*(t) + wX(t) , (
*(t) + (4(t)

= f( **(t),*(t)) + A(t)(((t) + B(t)u(t) + R(x2, 042)

Linearized model : RQ DI(H) = Alt) (I(t) + B(t) DU(t)

(small - Signall 4y() = ((t) D() + D(t) Da(t)

A=[](**
()

,
4

*(t)) -

B =[J(*() ,
Y
*(t)) 3H.)

.
D =]().*)

ariant


