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Kalman Filter
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Kalman Filter Algorithm
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Xk = XkT + Kk (Zk -H XkT)
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Pk = PkT - Kk HPT
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Ry = XkT + Kk (Zk - HXkT)
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Xk=XkT+Kka—KkHXkT

R = (1 - K H) Rie + Ky zi

Xk = aXyg-1 + (1 -a) Xk
a=1-K

Rk = (1 -K) Rp_1 + KXk

Xk ~N[Rk, Pk] (normal distribution)

o
2 FEAL

Pk = E { (Xk - Rk) (Xk - Rk) "}
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n 2. 2R o] 5 A4l

Kk = (APk.1 AT+ Q) HT (H (APko1 AT+ Q) HT + R)_1
n 3. FAR AN (S u > FAU R

Rk = ARk-1 + Kk (Zk -HA Rg_1)

(zk -HAR-1) SAZY &S 23t

Rk = (1 =Kg H) ARp_1 + Ke zi

Pk = (I -KgH) (APk.1 AT+Q)

e 5l - A Al 223 ek A A
Xkl = A Xk + Wi
Zk = H Xk + Vg
xx = AEIH S (statevariable), (nx1) Columnvector
zx = 5334k (sensor), (mx1) Columnvector

A= ge Aol (System =5HF4]), (nxn) Matrix
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H= (mxn) Matrix

Wk = & (systemwhite noise), (nx1) Columnvector
Vi = &S (sensor noise), (mx1) Columnvector

Q=w g FEAFE, (nxn) diagonal matrix (HhZ&4)

R=vgd TEAAE, (mxm) diagonal matrix

Extended Kalman Filter, EKF

HAE A28 5 A¥s
A3 3 29 AE (Linearized Kalman Filter)

Xie1 = F[XK] + Wi
Zk = h[xk] + Vi
m 0. 27|13 A
Ro, Po
n 1. FAH AF, L2 T2 S
R = F[Rio1]
Pl = AP1 AT+0Q
m 2. 24Tk o] = AAL
Kk = P" HT (HP T HT + R) ™
m 3. FA AL (E% % » FAFR)

Ry = XkT + Ky (Zk - h[XkT])

A AR

m 4 23

ol

Pk = P - K HP,T

m Jacobian Matrix
ARg.1 & T[Rk1]

He o h[je']

af52
=a[ k]
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Unscented Kalman Filter
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Y3} (jacobian) I3 A

2718 A3
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A 2n A E &} 7HER] A4t

(Xis Wi) « (Xk—ls Pk—ly K)

AR AZ, 0 TR IS

+

(R«'» Pk") =UT[FLxil, Wi, QI

=< —
2n+1l +
Pxz = >0 Wi {FIxil -} {hxil - 2c}"
i=1
Kk = sz Pz_l

FAZ AN ST w > FAF )
R = Ric + Ky (Zk - 2x)
o7} TR AR

Pk = Pk’ - K HPKT

X~

N [Xm s Pk]
Monte Carlo Simulation
X1 = Xn
Xis1=Xp+Ui, 1=1,2,.,n

Xi+n+l = Xp = Uj, i= 1, 2, e N
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K
W1=
n+x
1 _
Wi i=1,2,.,n
2 (N+x)
w ! i=1,2 n
N+ , b=1,2, .,
e S N )
x = kai
x = kappa
u;j = Urowvector

Cholesky decomposition (&3f)

UTU = (n+x) Py

n y=f[x]9] F7 7 FEA > A au} LA ES} 715X

2n+1
Y = Z Wi Flxil
i=1
2n+1
Py = Z Wi {FIxil -Yn} {Flxi]l -Ya}"

i=1
weighted mean
2n+1

Z Wi xi
ic1

2n+1

Py = Z Wi {xi - Xn} {Xi - Xn}’
i=1

Xm

2n+1
Pa = >0 Wi {FDxil - '} thixal - 2637

i=1

m SigmaPoints

(xi> Wi) « (Rk-1, Pk-1, )
n = numel [Rx_1]
Xi = Zeros[n, 2n+1]

W =Zeros[2n+1, 1]

Xi (Z,1) =Rz

Wy = n+x

U =Chol[(n+x) P]
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UU= (n+x) P

fork=1:n
Xke1 = R + U7
u;j = Urowvector
xi (7, K+1) =Rec1+U (K,

W(k+1)=m

fork=1:n
Xn+kel = Rk-1 = UT

Xi (Z,n+k+1) =K1 -U (K,

1

W(n+k+1) =2(TJ?)—

m UT

(&, Pet) = UTFxi], Wi, Q]
(2, Pz) =UT[h[xil, Wi, R]
Xi=x(1,1)
Wi =W (i)
2ne1

Xp = ilei)(i

(nxn) matrix

2n+1

Py = D' Wi {xi - Xn} {Xi - Xn}"
i=1
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