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Zustandsmodell

kontinuierlich diskret

ẋ(t)= f(x(t),u(t),m(t), t) Zustand

y(t)= h(x(t),u(t),n(t), t) Messung

xk+1 = fk(xk,uk,mk)

=
∫ tk+1

tk
f(x(t),u(t),m(t), t)dt + xk ≈ T f(x(tk),u(tk),m(tk), tk) + xk

yk = hk(xk,uk,nk) = h(x(tk),u(tk),m(tk), tk)

Signale

u ∼ N(ũ,U
[
tu2

]
) Systemeingang

m∼ N(0,M
[
tm2

]
) Prozeßrauschen

n ∼ N(0,N
[
tn2

]
) Meßrauschen

uk ∼ N(ũ,Uk

[
u2

]
) uk = u(tk) Uk ≈ T−1U(tk)

mk ∼ N(0,Mk

[
m2

k

]
) mk =

∫ tk+1

tk
m(t)dt≈ Tm(tk) Mk ≈ TM(tk)

nk ∼ N(0,Nk

[
n2

]
) nk = n(tk) Nk ≈ T−1N(tk)

Bk · Uk · BT
k =

∫ tk+1

tk
A′(t, tk+1) · B · U · BT · A′(t, tk+1)Tdt

Ek ·Mk · ET
k =

∫ tk+1

tk
A′(t, tk+1) · E ·M · ET · A′(t, tk+1)Tdt

Linearisierung (EKF)

ẋ(t)= A · x + B · u + E ·m + ẋf
[

x
t

]
y(t)= C · x + D · u + F · n + yh

[
y
]

A(t)= ∂f
∂xT (x,u, 0, t)

[
1
t

]
B(t)= ∂f

∂uT (x,u, 0, t)
[

x
tu

]
C(t)= ∂h

∂xT (x,u, 0, t)
[

y
x

]
D(t)= ∂h

∂uT (x,u, 0, t)
[

y
u

]
E(t)= ∂f

∂mT (x,u, 0, t)
[

x
tm

]
F(t)= ∂h

∂nT (x,u, 0, t)
[

y
n

]
ẋf(t)= f(x,u, 0, t) − A · x − B · u

yh(t)= h(x,u, 0, t) − C · x − D · u

xk+1 = Ak · xk + Bk · uk + Ek ·mk + xfk = x(tk+1) [x]

yk = Ck · xk + Dk · uk + Fk · nk + yhk = y(tk)
[
y
]

Ak =
∂fk
∂xT (xk,uk, 0) = A′(tk, tk+1) := exp

(∫ tk+1

tk
Adt

)
≈TA(tk) + 1 [1]

Bk =
∂fk
∂uT (xk,uk, 0) ≈TB(tk)

[
x
u

]
Bk · uk =

∫ tk+1

tk
A′(t, tk+1) · B · udt

C+k =
∂hk
∂xT (x+k ,uk+1, 0) =C(tk)

[
y
x

]
D+k =

∂hk
∂uT (x+k ,uk+1, 0) =D(tk)

[
y
u

]
Ek =

∂fk
∂mT (xk,uk, 0) ≈E(tk)

[
x

mk

]
Ek ·mk =

∫ tk+1

tk
A′(t, tk+1) · E ·mdt

F+k =
∂hk
∂nT (x+k ,uk+1, 0) =F(tk)

[
y
n

]
xfk = fk(xk,uk, 0) − Ak · xk − Bk · uk

=
∫ tk+1

tk
A′(t, tk+1) · ẋf(t)dt ≈T ẋf(tk)

yhk = hk(x+k ,uk+1, 0) − Ck · xk − Dk · uk = yh(tk)

Kalman-Bucy-Filter Kalman-Filter

ẋ+ = f(x,u, 0, t)

y+ = h(x,u, 0, t)

Ẋ+ = A · X + X · AT + B · U · BT + E ·M · ET

K= X · CT ·
(
D · U · DT + F · N · FT

)−1 [
x
ty

]
ẋ= ẋ+ +K · (y − y+)

Ẋ= Ẋ+ −K · C · X

x+k+1 = fk(xk,uk, 0) Zustandsvorhersage

y+k+1 = hk+1(x+k+1,uk+1, 0) Meßvorhersage

X+k+1 = Ak · Xk · AT
k + Bk · Uk · BT

k + Ek ·Mk · ET
k Vorhersagefehler

Y+k+1 = C+k+1 · X
+
k+1 · C

+T
k+1 + D+k+1 · Uk+1 · D+T

k+1 + F+k+1 · Nk+1 · F+T
k+1

Kk+1 = X+k+1 · C
+T
k+1 · Y

+−1
k+1

[
x
y

]
Kalman-Gain

xk+1 = x+k+1 +Kk+1 ·
(
yk+1 − y+k+1

)
Neuer Zustand

Xk+1 =
(
1 −Kk+1 · C+k+1

)
· X+k+1 Neue Zustandsvarianz, Joseph-Form:

=
(
1 −Kk+1 · C+k+1

)
· X+k+1 ·

(
1 −Kk+1 · C+k+1

)T
+Kk+1 · Nk+1 ·KT

k+1

x+. y+

x.
K

∫

f h
+x

∫ −

+

+

y

z−1

xk +1

xk xk+1
+

fk
hk+1

yk +1

yk+1
+

k +1K
+

+

+
−


