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Bayes filter: derivation
The Markov assumption
The Kalman filter as a Bayes filter

Representation
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The Bayes Filter

e Input: Bel(s),d

e Output: Bel'(s)

if d = o then for all s do

Bel'(s) = nP(ols)Bel(s)

else if d = a then for all s do

Bel'(s) = | P(s|s',a)Bel(s")ds’

.
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Bayes Filter: Perception

Case 1: dT) = o(T)
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Bel'(s) = P(o(T) ][40 T—1))
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Bel'(s) = nP(ols)Bel(s)
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Bayes Filter: Implementation

To implement a Bayes filter we need:

e The update equations (which we just derived)
e An initial belief P(s(%))

e A perception model P(o|s)

e An action model P(sla,s’)

e A representation for the belief function Bel(s)
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Parametric Representation

Parametric representations 'compactly’ represent data

(21,91), (22,92), (3,y3) - .. (0, Yn) Yy=mx—+c

.
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\ The Kalman filter is a Bayes Filter /

with the following assumptions:

e Initial belief Bel(s?) is normal

e State at ¢t + 1 is a linear function of state at ¢

s+ — A 4 Ba®) 4 )

action

e Observations are linear in the state

o) = 05t 4 V)

observation

(¢)

action

(¢)

action

® ¢ and e are both zero-mean random variables which are

These assumptions guarantee that the posterior belief is a Gaussian,
and there is a very efficient algorithm to compute the posterior called

ﬂ:m Kalman Filter. \
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The Kalman filter Algorithm

e Input: Bel(s) = (u,X),d

e Output: Bel'(s) = (u', )

d = o then
K = MUQNJAQMUQNJ + Muowmmﬁd@ws.oﬁv|H

p'=p+ K(o—Cp)
S = (I - KO)Y

else if d = a then

1 = Ap+ Ba
MU\ — \wMu\w% + MUQQS.QS

return Bel'(s) = (u/,X')
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Static and Dynamic Piecewise Constant Representations

e Static: single spatial decomposition, chosen in advance

— Topological: coarse decomposition depending on the structure
of the environment

— Metric: equally spaced grid, higher resolution than topological
representation

e Dynamic: adapt to shape of posterior

— Density trees: recursively split environment into regions

— Selective updating: static decomposition, but update only a
subset of cells at a time
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