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Kalman Filter Basics

System state is described by = € RY

Exact state is not known, but described by a
Normal probability distribution, ¢ ~ =/V(Ha E)

1 [ 1 Tw—1 } N
xr) = exp|——=(x — (- , Tr€R
() VR 5 (@ = p) (z — p)
Deterministic system evolution: *jp = Frxp_1 + Brug -+ Wi

Probabilistic system evolution:

Or(xp) = /RNW% G100 f (x) wi(zr—2) da

wi ~ A (0,Q)

where, f(x) = Frx + Brug
Fn generai, It @k—1 Is Normal, Cbk; is not Normal.




Kalman Filter Basics

Deterministic system evolution: xjp = Frxp_1 + Brur + Wi

wy ~ A (0,Q4)
Probabilistic system evolution
(Prediction step of Kalman Filter):

. = Frur—1 + Brug Pr—1 ~ N (pr—1,Yk—1)
Ek = szk—lpg + Q G ~ A (g, X)

Incorporating measurements:
Update step of Kalman Filter:

‘Q.Suk — 2 = Hpxp +vg e = g+ Ki(ze — Huy,)
o~ NORy)  Ex = (- KeHi)Zs
where, K}, = kag(Hking + Rk)_l

Bayesian inference:

P(state is xj | observation is zx) o P(observation is zj | state is xx) P(state is xy)

= ¢p(rr) x vp(zx — Hyzk) ¢ (xp)



Kalman Filter Basics

System dynamics: Tk = Lpxp_1+ DB qup o+ Epoqdpo g+ wg

Motion model: 2 = Hipxp + vk
wg ~ A (0,Qr)
rr € R" 2z, € R™ wu, € RP d, € R vk ~ A (0, Rp)
Kalman Filter summarized:
ne = (I — KipHg) (Fxpr—1 + Br w1+ Fpqdi 1) + Kz
D = (I — KkH!u) (szk—ng + Qk) Riccati Difference Eqn.
where,

K = (FpXp 1 FF + Q) HEY (Hy, (FeXr_ 1 FY + Q) HY +Rk)_l

We will concisely write these recursive relations as:

{b0, D1, 02, - } = KFp(po; {|uo, do], [u1,d1], - };{z1,22, - })
where, P = ({Fi},{Br}, {Ex}, {Hi}, {Qr}, {Rr})



Example: Pursuit-Evasion Game for
Normal Distributions

SEC) ok

- O’J

(c) k=11

(d) k£ =50

(e) k =501

(f) £ = 1001
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