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Kalman-Filter
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Zustandsmodell

kontinuierlich

x(r) = f(x(t),u(r),m(r),r) Zustand
y(@) =h(@®),u(®), n(r),r) Messung
Signale
u~N(a,U
m~ N (0 M [tmz]) ProzefBrauschen
n~N (O,N [ln2 ) MeBrauschen

[tuz] ) Systemeingang

Linearisierung (EKF)

()= Ax+B-u+E-m+ Xx¢

~lI=
[E—

y@)= Cx+Du+F-n+y,
()= f x,1,0,1)-A-x—B-u

<
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,_, ,_\ ,_,
~ =
[E—

Yo = h (x,0,0,1) - C:x-D-u ¥]
At =2 (x,u,0,1) H
B(1) =2 (x,u,0,1) [£]
E(1) =52 (x,u,0,1) [r]

C(H) =2 (x,u,0,1)
D() = 2% (x,u,0,1)

F(1) = 2 (x,u,0,1)

SIe =lI=e ==
e

Kalman-Bucy-Filter

x* =f(x,u,0,7) [’—[‘]
y" =h(x,u,0,7)
X* = A-X+X-AT+B-U-B" + EEM-ET [£]

K=X -C"-(ENF' +D-UDT)  [2
x=x" +K-(y-y") [
X=X"-K-C-X

y+

diskret

Xer1 = B (X, g, my) = f,:”l £(x(1), u(®), m(2), 1) dt + x; ~ TEx(10), w(t), m(i), 1) + X

Vi = b (X, we, mp) = h(x(#), w(te), m(%), 1)

w~ N (0,0 [e2])
m~N(0 .M, [m?])
n ~N(0 N [22])
B;-U;-BI = :”A’(t, tes1) - B-U-BT

At )T e

E;-My-Ef = t:k“A’(t, tes) - E-M-ET - A'(1, 1, dt

D,-U;-D] = [*'D-U-D" dt
Fi-Ng Fl = ft:“‘F~N~FT dt

Xi+1 = Ak'Xk + Bi-ug + Ep-my + Xgg
Vi = Ci-Xp+Dp-ug + Fromyg + ye
xp = i (X u,0)  — Apxi — Browy

Yie = he (X7, 011, 0) = Cpox — Dy
Ap = 2% (X, w, 0)
By = 2 (X, Uy, 0)
Ej =25 (x¢, Uy, 0)

+ _ 0h +
Cl =50 (X, w1, 0)

oh

Dy =25 (X, W1, 0) Dy - =D-u
oh

F; =54 (X, w1, 0) Fi-m=F-n

Kalman-Filter

X, = f(xi, w,, 0)

Vi = M (X7, w1, 0)

X!, = A Xp-Al + By Up BT + By - M E]
Yi = C X, Gl + D) U D
Ko = X5, - CZ—TI ) (F1:+1 'Nk+1'FlJ<r;rl + Y1:+1)71

— +
Xiel = X, + Kt '(Yk+1 —ka)

Xis1 = (1 - K 'Cl;l) ’ Xl:+1
= (1-Ki1-Cf, ) - Xf - (1= Kear -G
+ Ky 'F1J<r+1 'Nk+1'FZIl ’ KZ-H

Informationsfilter (mit D = 0)

X :=X"!
x:=X -x
thrl =X1:r;11
x5 =X Xt
X;<+1 =X;;1 + lel 'FZII_I'NI;-}-I'FI:—-:II -Cl
Xeo =X+ O FT DN F '(Yk+l

k+1

)T

X

A=Ay, ty1) = exp( :H Adl)
Beoue=["" A(t, 1) B-u di
Ek-mszt:k” A(t, ) E-mdr

n,=n |~Tn
Uy~+ U |~TU
M~ +M|~TM
Ni~+N|~TN
X, = X
Ye=Y

xgr ~TXg

Y= Yn
Ay~TA +1
B.~TB |=B
E.~TE |=E
C/=C

— ~1
D/= D |~iD
- ~4
Fi= F |~LF

Zustandsvorhersage
MeBvorhersage

Vorhersagefehler

Kalman-Gain
Neuer Zustand
Zustandsvarianz

Joseph-Form
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