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Three general problems
* Localization

* Mapping
° “SLAM”
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Time
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(Temporal) Bayesian Network
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Pr{X]

PrY|X]



Pr[X,Y] = Pr[X] - Pr[Y|X]

Pr{X]

PrY|X]

Probabilistic model
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X € {1,2,3,4,5)
Pr[IX=3]=0.6
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X €{1,2,3,4,5}
Y € {dark, light}



1 0.1 0.6 0.1

: : : . 0.1
X €{1,2,3,4,5}
Y € {dark, light}

Pr[Y = dark|X = 1| = 0.2
Pr|Y = dark|X = 2| = 0.9
PrlY = dark\X = 3] = 0.5
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Pr[X,Y] = Pr[Y] Pr[X|Y]



Pr[X,Y] = Pr[Y] Pr[X|Y]

PriX|Y] =?



Pr[X,Y] = Pr[Y] Pr[X|Y]

Pr[X, Y]

Pr[X|Y] = =




Pr[X,Y] = Pr[Y] Pr[X|Y]

Pr|Y|X]Pr[X]

Pr[X|Y] = =




The Bayes Rule

PrX|Y] = Pr|Y|X]Pr[X]

Pr|Y]



The Bayes Rule

Pr[X|Y] = Pr[\gf[

“Prior”




The Bayes Rule

Pr|Y

“Prior”

“Posterior”
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The Bayes Rule

Pr[X|Y]|=

“Posterior”
“Observation likelihood”
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| observed “dark”.

g Where am I?
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Move right

X1
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| observed “dark” then “light”.

Where am | now?

Move right
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Pr|X,|Y; = dark, Y, = light]

Move right

Probabilistic Localization, AACIMP 2013, Kyiv



Pr|X,|Y; = dark, Y, = light]
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Pr|X,|Y; = dark, Y, = light]
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Bayesian Filtering

* Initialize prior distribution Pr|X]
* Repeat forever:
— Observe y
* Pr|X|y| « Pr|y|X]| - Pr[X], then normalize
— Move

* PrlnewX] : =
Y.olqx PrinewX]|oldX] - Pr[oldX]|y]
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Discrete Bayesian Filtering

* Initialize prior distribution vector p

* Repeat forever:
— Observe y, thenforalli
 pli] := pli] - Likelihood(y|i)

* pli] = p[i]/sum(p)
— Move, i.e.foralli
* pli] == 2;plj| - MoveProbability (j - i)
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Continuous Bayesian Filtering

* Initialize distribution function f

* Repeat forever:
— Observe y, then forall x
* f(x) == f(x) - Likelihood(y|x)
[ 0) = f)/] flx)dx

— Move, i.e.forall x
* f(x) = [ _f(z) - MoveProbability(z — x)dz
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Continuous Bayesian Filtering

SOMETHING SMELLS FISHY

AND IT CERTAINLY ISNT FISH



Continuous Bayesian Filtering

* Initialize distribution function f

* Repeat forever:
— Observe y, then forall x
* f(x) == f(x) - Likelihood(y|x)
[ 0) = f)/] flx)dx

— Move, i.e.forall x
* f(x) = [ _f(z) - MoveProbability(z — x)dz
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X eR

| observed my position at 7.

Where am | actually?
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\_ /

Probabilistic Localization, AACIMP 2013, Kyiv




X eR g

N\
4 o

1(x — 2
Pr[x|y = 7] exp( 2( 'ZneW) )

\_ /

Probabilistic Localization, AACIMP 2013, Kyiv




Pr[X = x] =N (u, %)

Pr[Y|x] =NV (x, %)



Pr(X = x] =N (u, 62%)

Pr[Y|x] =N (x, %)

PI‘[XD/] =N (Unew> O-r%ew)




PI‘[X‘)/] = N (Unew> O-r%ew)
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Move right
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(Au, 0-7%101}6)

Move right
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N(/flnew + A,Ll, O-T%QW + 0-7%10178)



(One-dimensional) Kalman filtering

e Initialize (1, 0%)
* Repeat forever:
— Observe y, then

o u+t "%y 5 0%T?

N T— g4 =
H o 24772 g2+12

— Move

*pu=p+Au 0% =0%+ Ghove



How to handle non-discrete
distributions?

e Parameterized function families

* Population-based representation
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ikelihood

o—08 o © >

Measurement

Probabilistic Localization, AACIMP 2013, Kyiv



ikelihood
Updated belief
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Measurement
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ikelihood
Updated belief

Measurement

Probabilistic Localization, AACIMP 2013, Kyiv



Particle filtering

* |nitialize set of particles

* Repeat forever:
— Observe vy,

* Compute likelihood for each particle
 Resample particles

— Move
 Add movement vector + noise to each particle
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Localization algorithm average position error

Odometer Intersection Kalman Particle
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Summary

Bayesian Discrete
filtering Bayesian

\ filtering

Kalman

filtering

Particle
filtering
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y(2) = h(z)u(z)
_I_

Ax|t] + Bu[t]
Cx|t] + Du[t]

i] + aquli — 1]

O
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