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Introduction

Murphy et al. introduced Rao-Blackwellized PFs for SLAM
The main problem of RBPFs

- # of particles to build an accurate map
- Particle Depletion



To fix those
ISSUes



To fix those issues

To increase the performance of RBPF:
- Proposal distribution considers accuracy of the sensors
Less estimation error leads to less particles
- An adaptive resampling to prevent particle depletion

Do the resampling whenever is needed



But what is RBPFs?



Rao-Blackwellized Particle Filters

To estimate p(x ) in which
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m is map
X,. =X, +X,* .. +X is robot’s trajectory

z,, =2, +z2,+..+2Z is the observation

- U, =U +u,t.. +u_ isthe odometry measurement



Rao-Blackwellized Particle Filters(Cntd)

By using factorization:

P(Xp Mz, U ) =p(mIX,, .z, ).p(X. 12, U.,)

z. ) is nothing but mapping with known poses
) is estimated by applying PF.

- The first part, p(m | x
- The posterior p(x_ .. |
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What kind of PF
IS that?



Sampling Importance Resampling(SIR)

Each particle has a potential trajectory of the robot.

As well as, an environment map of its own.

A RBSIR algorithm incrementally uses odom & sensor measurements for
mapping.



How?



1- Sampling

Obtaining the next generation {x,”} from {x,_,®} by sampling form
proposal distribution

ris usually a probabilistic odometry motion model



2- Importance Weighting

Importance Sampling Principle:
Wt(’) - p(x7'_t(’) lz1:t' U7:t—7) / "(X1.-t(l) /Zm' U1.‘t—1)
Proposal distribution mis in general not equal to target distribution

We can do it in a recursive way(by some assumption for efficiency)

Wt(i) = Wt—’l(i)p(zt Imt_7(i)’ Xt(i))'p(xt(i) /Xt-1(i) , ut_1) / n-(xt / X (i) 7
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3- Resampling

Proportional to importance weight

With replacement



4- Map Estimation

The map estimate for each particle
p(mO 1,0, 2,,)

is computed based on its trajectory x1_,t(") and the history of observations z_ .



Improved Proposal Distribution

Local approximation of the posterior p(x,/m @, x,.?,z , u, ) around the
maximum likelihood function.

1. Using a scan-matcher to determine the meaningful area

2. KSample in the meaningful area p = H%im_j-p(znmi?l,xj)
3. Evaluated based on target distribution (s |20, e 1)
4. p" &3 " are determined for K sample points £ - %ipu )
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Improved Proposal

Using this proposal distribution weights can be computed as:
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Particle distribution typically observed during mapping



Adaptive Resampling

Effective Sample Size

1
SN (@)

Neff —

N_. can be regarded as a measure of the dispersion of importance weights.

Each time N . drops below the threshold N/2 resampling is needed.



Require:
8;—1, the sample set of the previous time step
z;, the most recent laser scan
u;_ 1, the most recent odometry measurement
Ensure:
S,, the new sample set

Se={}
for all 35'5}1 €S, do
(?J () (1)

Ty Wy g,y 2= 80

/I scan-matching
(1) £ Jl Dy
EL} = argmax, p(z | m\", z,, 2)")

if = ( ) — failure then
335&.) ~ p(z | -51 11“@ 1)
wa[' = wi( )1 p(z | T”t—}l!'fgi))
else
/I sample around the mode
for k=1,...,K do
2, ~ (25 | o — 39| < A}
end for

/1 rompule (;aucs‘:an proposal
= (0,0, 0)
73 13 =0

for all x; € {z,,...,2x} do

uP—pP+%punmil%>mm|aluau

n® =gl ‘}+P(3t|m v 1 T5) (»La|-Lz 1> 1)

end for
pl? = pi @
x¥ =0

for all z; € {z1,...,2x} do
50 = 50 4 (z; — ) (z; — p)"-
p(z | m” ), z;) - plz; | 2y, u 1)
end for
E{i) _ 1(1}/” (i)
/l sample new pose

o ~ NP 5

/ ufdare importance weights

= T,UL 17(
end 1f
/" L{pdate map
'mg’“) = intcg‘ratcSCan(grﬂt( }L ‘L_Et), z)

// update sampfe set
S =8 U{<z, w” m" >}
end for

Neg = %
>, (@)
if Neg < T then

S; = resample(S;)
end if



Complexity

Operation Complexity
Computation of the proposal distribution | O(N)
Update of the grid map O(N)
Computation of the weights O(N)
Test if resampling is required O(N)

Resampling

O(N M)




Different types of robots used(ActivMedia Pioneer 2 AT, Pioneer 2 DX-8, iRobot B21r)
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Comparison to a prior work
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Thanks for listening!
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