Bayes filter
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Complete states
Complete states: xg,X1,...,Xt € R"

Def: A is conditionally independent on C given Biff p(A|BlC) = p(A|B)

Def: State X,—l|is complete iff future X, is conditionally independent on past given X;=¢

Conseqguences:
state-transition probability: p(x¢|x:—1,u:) = p(x X, wr, Xo:t—2, Z1:¢—1, U1:6—1)
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Complete states
Complete states: xg,X1,...,Xt € R"

Def: A is conditionally independent on C given Biff p(A|BlC) = p(A|B)

Def: State X,—l|is complete iff future X, is conditionally independent on past given X;=¢

Conseqguences:
state-transition probability: p(X¢|Xt—1, W) = p(X¢|X¢—1, Ut, X0:t—2, Z1:4—1, U1:t—1)

measurement probability: p(zt|Xt) = p(Ze \.7 X0:t—1,Z1:t—1, Ul:¢)
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Factor graph

Can | get the optimal X; from this factor graph?




Bayes filter

Initialization: bel(xq) , t = 1




Bayes filter

Initialization: bel(xq) , t = 1

How do you estimate probability distribution of x1?



Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

m(xt) — Z px.|x,_,u) - bel(x,_)

—1




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

bel(x) = ) p(x,|x,_;.u) - bel(x,_))

—1

0.5{-




Bayes filter

Initialization: bel(xq) , t = 1
1. Initialization: bel(xq) , ¢t = 1
Prediction step (action u; performed):

bel(x,) = 2 pX,|x,_;,u) - bel(x,_)

—1




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

bel(x,) = 2 pX,|x,_;,u) - bel(x,_)

—1




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

bel(x,) = 2 pX,|x,_;,u) - bel(x,_)

—1
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Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

m(Xt) — ZP(Xt | X1 llt) ' bel(xt—l)

—1

0.5

How do you update probability distribution of x1 after the blue measurement?



Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

m(Xt) — ZP(Xt | X1 uz) ' bel(Xt—l)

—1

Measurement update (hnew z; received):

bel(x;) = 1 - p(z:|x;)bel(x;)




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

@(Xt) — ZP(Xt | X/ 15 llt) ' bel(xt—l)

—1

Measurement update (hnew z; received):

bel(x;) = 1 - p(z:|x;)bel(x;)




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

@(Xt) — ZP(Xt | X/ 15 llt) ' bel(xt—l)

—1

Measurement update (hnew z; received):

bel(x;) = 1 - p(z:|x;)bel(x;)




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

m(xt) — Z px.|x,_,u) - bel(x,_)

Measurement update (hnew z; received):
bel(x;) = 1 - p(z:|x:)bel(x;)

Repeat forever
t=1t+1

bel(x:) = p(X¢|Z1:t—1,U1:t) ... prior belief (prob. distr. of current state without
considering the current measurement z)




Bayes filter

Initialization: bel(xq) , t = 1

Prediction step (action u; performed):

bel(x) = ) p(x,1x,_,u,) - bel(x,_)

—1

Measurement update (hnew z; received):

bel(x;) = 1 - p(z:|x;)bel(x;)

Repeat forever

t=1+1

bel(x:) = p(xX¢|Z1:4—1,U1:¢) ... orior belief (orob. distr. of current state without
considering the current measurement z)

bel(x:) = p(X¢|z1.4,u11) nosterior belief (prob. distr. of current state with

considering the current measurement z)



Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

bel(xo)

3. Measurement update (new z; received):

For all X¢
bel(xt) — @(Xt)

4. Repeat from 2:

t=¢t+1 L II ..............

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

X0



Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed): u; = +1
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

bel(xl)

3. Measurement update (new z; received):

For all X¢
bel(xt) — @(Xt)

4. Repeat from 2:
t=¢t+1 L Maw. | | |

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

X1



Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed): u; = +1
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

bel(Xg)

3. Measurement update (new z; received):

For all X¢
bel(xt) — @(Xt)

||II||
4. Repeat from 2:
t=¢t+1 L HuueN | || |

O 1 2 3 4 5 o 7 8 9 101112 1314151617 18 19
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed): u; = +1
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

bel(Xg)

3. Measurement update (new z; received):

For all X¢
bel(xt) — @(Xt)

IIIIII
4. Repeat from 2:
t=¢t+1 L e || |
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed): u; = +1
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

< bel(x4)
3. Measurement update (new z: received):
For all X¢
bel(xt) — @(Xt)
am Bl o
4. Repeat from 2:
t=¢t+1 1 el |

QO 1 2 3 4 5 o 7 8 91011121314 151617 18 19
X4



Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed): u; = +1
For all X 0c. p(X,|x;_q, 1)

@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

< bel(x5)
3. Measurement update (new z: received):
For all X¢
bel(xt) — @(Xt)
__ 0N __
4. Repeat from 2:
t=¢t+1 L - mENNNNs |

O 1 2 3 4 5 o 7 8 9 101112 1314151617 18 19
X5
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

@(XZ) = Z p(x.|x,_;,u) - bel(x,_;)

3. Measurement update (new z; received):

For all X¢ -
bel(x,) = p(z,|x,) - bel(x,)

s = s + bel(x))
For all X¢

bel(Xt) — bel(Xt)
\)

4. Repeat from 2: one marker at known locations
_|_
lInaccurate sensor

t=1t+1 Let's add measurements!



Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X:
@(Xt) = Z p(x.|x,_;,u) - bel(x,_;)

3. Measurement update (new z; received):

For all X¢
bel(x,) = p(z,|x,) - b_el(xt)
s = s + bel(x))

For all X¢

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

1.0 ~

0.8 -

0.4 -

0.2 -

0.0

bel(x;)
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measuremeht update (new z; received): .
For all X; bel(x¢)
bel(x,) = p(z,|x,) - m(Xt) 08

s = s + bel(x))

For all X;
bel(x,)

bel(x,) = " II
\)
4. Repeat from 2: 0.2 - BiEn

t =1+ 1

bel(x t)

0.0
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X:
@(XZ) = Z p(x.|x,_;,u) - bel(x,_;)

3. Measurement update (new z; received):

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

1.0 -

0.8 -

0.4 -

0.2 -

0.0
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bel(x;)
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measurement update (new z; received): ,,.

For all X bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 08-
s = s + bel(x)) o
For all X 3
bel(x,)

bel(x,) = - 4 II
. |

4. Repeat from 2:
t=1+1

0.0
0 1 2 3 4 5 6 7 8 9101112 1314151617 1819



Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X:
@(XZ) = Z p(x.|x,_;,u) - bel(x,_;)

3. Measurement update (new z; received):

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

1.0 -

0.8 -

0.4 -

0.2 -

0.0

N

-
|
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-
N—"

bel(x;)
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X
bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): ,,.

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

0.8 -

0.4 -

0.2 -

0.0
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bel(x;)

O 1 2 3 4 5 6 7 8 9 1011121314 151017 1819




Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X
bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): ,,.

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

0.8 -

0.4 -

0.2 -

0.0
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bel(x;)

Next step we get detection!

I | | | SRR
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1 _
2. Prediction step (hew action u; performed): -
For all X¢

bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measuremeht update (hew z; received): ,,.

For all X; N bel(x;)
bel(Xt) — p(zt | Xt) ’ bel(xt) .

s = s + bel(x))

il

|

For all X; II
bel(x,) 0 II

bel(x t)

bel(x,) =

\)
4. Repeat from 2: 0.2 -
t =1+ 1

0.0
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measuremeht update (new z; received): ..
For all X bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 08"
s = s + bel(x)) .
For all x; - 3
el(x
bel(Xt) — ( t) 0.4 - II
\)
4. Repeat from 2: 0.2- II
t=1t+1

0.0
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measuremeht update (new z; received): ..
For all X bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 08"
s = s + bel(x)) .
For all x; - 3
el(x
bGl(Xt) = ( t) 0.4 -
S In
4. Repeat from 2: 0.2-
t=1t+1

0.0

O 1 2 3 4 5 6 7 8 9 1011121314 151017 1819



=
—~
N
~
|
=
P
~+
N

Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measuremeht update (new z; received): ..
For all X bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 08"
s = s + bel(x)) .
For all x; - 3
el(x
bGl(Xt) = ( t) 0.4 -
\)
4. Repeat from 2: 0.2- Illl
t=t+1 iy

0077771 T T 11
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Bayes filter: Kidnapped robot problem

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
For all X¢

bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): .
For all X¢
bel(x,) = p(z,]x,) - bel(x) . kidnapped robot problem

s = s + bel(x))

bel(x)

For all X;

bel(x
bel(x,) = X)

\)
4. Repeat from 2:

t=1t+1

p(z_t|x_t)

0.2 -

0.0 -
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

@(XZ) = Z p(x.|x,_;,u) - bel(x,_;)

3. Measurement update (new z; received):
For all X¢
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))
For all X¢

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

p(z; = 1]x¢)

3 undistinguishable markers




Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
For all X¢

bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): .
For all X¢
bel(x,) = p(z,]x,) - bel(x) . kidnapped robot problem

s = s + bel(x))

bel(x)

For all X;

bel(x
bel(x,) = X)

\)
4. Repeat from 2:

t=1t+1

p(z_t|x_t)

Next step we get detection!

0.2 -

0.0 -

01 2 3 45 6 7 8 910111213 14 15 16 17 18 19



p(z; = 1]x4)

Bayes filter

1. Initialization: bel(xq) , ¢t = 1 __
2. Prediction step (new action u; performed): -

For all x; i [
bel(x) = Y p(x,Ix_pu) -belx_)
3. Measurement update (new z; received): .
For all X; bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 0.8 -
s = s + bel(x)) .
For all x; %
bel(x,) -
bel(xt) = .
\)
4. Repeat from 2: 0.2 - II II
t=t+ 1 ||
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measuremeht update (new z; received): ..
For all X bel(x; )
bel(x,) = p(z,|x,) - bel(x,) 08"
s = s + bel(x)) - os.
For all x; - 3
el(x
bGl(Xt) = ( t) 0.4 -
\)
4. Repeat from 2: 0.2-
t=1t+1

0.0
0 1 2 3 4 5 6 7 8 9101112 1314151617 1819



Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measurement update (new z; received): ,,.

For all x; bel(x)
bel(x,) = p(z,|x,) - bel(x,) 08"
s = s + bel(x)) o
For all X; - Next step we| get detection!
bel(x N
bGl(Xt) = ( t) 0.4 -
\)
4. Repeat from 2: 0.2-

e o nlinlin. _all
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p(Zt — 1 Xt)

Bayes filter

1. Initialization: bel(xq) , ¢t = 1 __
2. Prediction step (new action u; performed): -

For all X; | “
@(Xz) — ZP(Xt | X 1 uz) ' bel(xt—l) - S
breakpoint | |
3. Measurement update (new z; received): ,,. 1
For all x; bel(x;)
bel(x,) = p(z,]|x,) - b_el(xt) 0.8 1
s = s + bel(x)) 506
For all X " 5
el(x _
bel(x,) = &) =272 041
\)
4. Repeat from 2: 0.2 -
0.0 -—7—— T '.l!h}ﬁt—

O 1 2 3 4 5 6 7 8 9 1011121314 151017 1819



p(Zt — 1 Xt)

Bayes filter

1. Initialization: bel(xq) , ¢t = 1 __
2. Prediction step (new action u; performed): -

For all X; - II II

bel(x) = ) p(x,1x,_;.u,) - bel(x,_;)

3. Measuremeht update (hew z; received): ,,.

For all X; - II bel(x;)
bel(Xt) — p(Zt | Xt) ’ bel(Xt) .

s = s + bel(x))

bel(x t)

For all X;

bel(x II
bel(x) = &) 0.4 II

breakpbint s
4. Repeat from 2: 0.2 -

t=1t+1 X,
0.0 T e i T T T T o
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X
bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): ,,.

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

0.8 -

0.6 -

0.4 -

0.2 -

0.0

!
.
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

For all X
bel(x) = ) p(x,|x,_;.u) - bel(x,_)

3. Measurement update (new z; received): ,,.

For all X
bel(x,) = p(z,|x,) - @(Xt)
s = s + bel(x))

For all X

bel(Xt) — bel(Xt)
\)

4. Repeat from 2:
t=1+1

bel(x t)

0.8 -

0.6 -

0.4 -

0.2 -

0.0

Xt

*—*——'_
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Bayes filter

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
For all X

bel(x,) = Z p(x.|x,_;,u,) - bel(x,_;)

3. Measuremeht update (new z; received): ..
For all X;
bel(x,) = p(z,|x,) - bel(x,) 08-
s = s + bel(x)) - os.
For all x; - 3
el(x
bel(x,) = x) 04-
S |
4. Repeat from 2: 0.2- = 58 NN
t=1t+1 NIEEREEEAT" | | [ TRENEE X,
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bel(x:) =1 - p(Z¢|X¢) - /p(xt|xt_1, u;) - bel(x;_1)dx;_q
b@l(Xt)

1. Initialization: bel(xg) , t = 1

2. Prediction step (new action u; performed). o 4ora any obvious limitation

bel(x;) = / p(x¢|x—1, uz)bel (xs—1)dxs 1 of dicrete prob. distribution?

Discrete probability distribution
3. Measurement update (new z, received): will suffer from curse of dimensionality

bel(x;) = 1 - p(z¢|x¢)bel(x;) => Let’s return to Gaussians
IN continuous space

4. Repeat from 2: _

t=1+1
m(xo b@l(Xl) X 112> @ p(Xg /X27 113) be](x3)
b@l(X()) p(}q\XOv \11)




Kalman filter

Gaussian is preserved !!!

Linear system with Gaussian noise:
p(Xt‘Xt—la ut) — Nxt (AtXt—l =+ Btuta Rt)

P(zt]x1) = Ne, (Coxi, Qi) —\

Bayes filter: bel(x;)=n - p(Z¢|x¢) - /p(Xt\Xt—h ug) - bel(x¢—1)dx;—1
bel(x)
Kalman filter: Prediction step Measurement update step
bel(x;) = Nx, (i1, Xt) bel(x:) = Nx, (e, 2i¢)
n, = A, |+ By K :_EtCZ(CtEtCZj Q)
>, — AtEt_lA;r IR, py = oy + Ky(z, — Gty

Et — (I — KtCt)it



1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
e = Ay + Beug
3 = AtEt—lA;r + Ry
bel(x;) = Nx, (i1, )

1.0 -

3. Measurement update (new z; received):
K, =%,C, (C;Z,C; +Q;)*
py = py + Ke(ze — Copiy)
= (I -K,C))3,

O.8 —

0.6

A

O.4

O.2 -

bel(xt) = N, (1, X¢) I I
4. Repeat from 2:
t=1t+1 one marker at known locations
_|_

lInaccurate sensor



Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
Py = Agpy_y + Bouy
3 = Atzt—lA;r + Ry

m(X?f) — NXt (ﬁtvit) .
3. Measurement update (new z; received): bel(x;)
K; =3;C; (C;Z:C; +Q;)”"
e = Hy Kt(zt: Cip)
Et — (I — KtCt)Et g' 0.6 '
bel(Xt) — NXt (I“l'tv Et) : .. I
4. Repeat from 2: [
t p— t —|— ]_ 0.2 A [:*l |||!||
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
By = Ay 1+ By
3 = Atzt—lA;r + Ry

bel(x;) = Nx, (fi, X¢)

3. Measurement update (new z: received): o bel(x;)
K, =3,C/ (C,XZ,C, +Q,) ! 0s-
py = py + Ke(ze — Copiy)
¥, = (I-K,C)X; Zioe N\
bel(x;) = N, (. ) 2 L

4. Repeat from 2:

t:t—|—1 0.2 - / \

0.0 ﬁi )-_ﬁ .............
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

By = Ay 1+ By
Et — AtEt_lA;r —|— Rt

m(X?f) — NXt (ﬁtv Et)

3. Measurement update (new z; received):

K, =%,C, (C,2,C, +Q,)*
py =y + Ky (Zt: Cip)

Et — (I — KtCt)Et

bel(x:) = N, (e, )

4. Repeat from 2:
t=1t+1

bel(x t)
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bel(x;)
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

By = Ay 1+ By
Et — AtEt_lA;r —|— Rt
bel(x;) = Nx, (fi, X¢)

3. Measurement update (new z; received):

Kt — EtC:(CtEtCZ T Qt)_l
py =y + Ky (Zt: Cip)

D = (I — KtCt)Et

bel(Xt) — Nxt (I“l't7 Et)

4. Repeat from 2:
t=1t+1

bel(x t)

1.0 A

0.8 -

0.4 -

0.2 -

0.0 -

bel(x;)
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

By = Ay 1+ By
S, =A3 A + Ry
bel(x;) = Nx, (i1, )
3. Measurement update (new z; received):
K, =X,C/ (C.Z.C, +Q;)*
py = py + Ke(ze — Copiy)
= (I -K,C))3,
bel(x:) = N, (17, Z)

4. Repeat from 2:
t=1t+1

1.0 -

0.8 -

bel(x t)

0.4 1

0.2 -

0.0

bel(x;)
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
By = Acpry g + Biuy
3 = Atzt—lA;r + Ry

m(Xt) = Nx, (ﬁtvit)
3. Measurement update (new z: received): o bel(x;)

K, =X,C, (C,Z,C] +Q;)! 0s-

py = py + Ke(ze — Copiy)

= (I- KtCt)Et 00

bel(x:) = Nx, (14, ¢) . v
4. Repeat from 2: |

t=t+1 0.2 1 e

// \_
0.0 r—t—t—— — T
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

By = Agpy q + Brug
S, =A3 A + Ry
bel(x;) = Nx, (i1, )
3. Measurement update (new z; received):
K, =X,C/ (C.Z.C, +Q;)*
py = py + Ke(ze — Copiy)
= (I -K,C))3,
bel(x:) = N, (17, Z)

4. Repeat from 2:
t=1t+1

1.0 -

0.8 -

bel(x t)

0.4 -

'_1_1_1_1-4 llllllll Pf_1_|_1_1_'

0.2

0.0

Detection will come next!

bel(x;)
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):

By = Agpy q + Brug
3 = AtEt—lA;r + Ry
bel(x;) = Nx, (i1, )
3. Measurement update (new z; received):
K, =X,C/ (C:3:C, + Q)
py =y + Ky(zp — Copy)
= (I -K,C))3,
bel(x;) = N, (1, Zt)

4. Repeat from 2:
t=1t+1

1.0

0.8 -

bel(x t)

0.4 -

0.2 -

0.0 -

P(Zt — 1‘Xt)
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
By = Acpry g + Biuy
3 = Atzt—lA;r + Ry

bel(x;) = Nx, (i1, )
3. Measurement update (new z: received): o bel(x;)
K, =3,C/ (C,XZ,C, +Q,) ! 0s-
py = py + Ke(ze — Copiy)
= (I -K,C))3, 0 \
bel(x;) = Ny, (1t;, 3¢) : 0.4 - ‘:51
4. Repeat from 2: ' \
t=1t+1 0.2 - | "'
- /"::" :::"x.. -
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
By = Acpry g + Biuy
3 = Atzt—lA;r + Ry

bel(x;) = Nx, (i1, )
3. Measurement update (new z: received): o bel(x;)
K, =X,C, (C,Z,C] +Q;)! 0s-
py = py + Ke(ze — Copiy)
= (I -K,C))3, £ e
bel(x) = N, (- ) e N
4. Repeat from 2: ' / \
t=t+1 0.2 \
0.0 =TT |
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Kalman filter

1. Initialization: bel(xq) , ¢t = 1

2. Prediction step (new action u; performed):
By = Acpry g + Biuy
3 = Atzt—lA;r + Ry

bel(x;) = Nx, (i1, )
3. Measurement update (new z: received): o bel(x;)
K, =X,C, (C,Z,C] +Q;)! 0s-
py = py + Ke(ze — Copiy)
= (I -K,C))3, 508
bel(x:) = N, (e, ) S
4. Repeat from 2: ' /‘
t=t+1 0.2 [+
Al
ool | | N
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Kalman filter p(z; =

1. Initialization: bel(xq) , ¢t = 1
2. Prediction step (new action u; performed):
e = Ay + Beug

3 = AtEt_lA;r + Ry

bel(x;) = N, (i, X¢) p(z¢ = 1]x¢)
3. Measurement update (new z: received):

K, =%,C, (C;Z,C; +Q;)*

py =y + Ky(zp — Copy)

> = (- K,C)E, | ii ii
bel(xt> — Nxt (“’t7 Et) T e
4. Repeat from 2:
t=1t+1 3 undistinguishable markers

Can we replicate the experiment with 3 markers???



Discrete Bayes filter Kalman filter

1. Initialization: bel(xq) , ¢t = 1 1. Initialization: bel(xg) t =1
2. Prediction step (new action u; performed): 2. Predlctlon step:
For all X¢

bel(x,) :

3. Measure

- bel(x,_;)
vV z, received):
For all X il .t
bel(x,) ““HHEAGAE ) &
4, Repeatf TRV

t — t _I_ 1https://cs.wikipedia.org/wiki/T homas_Bayes



