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A Robust Behavior Planning technique for Mobile Robots
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Abstract We propose a planning algorithm to automatically generate a robust behavior plan (RBP) with which
mobile robots can achieve their task goal from any initial states under dynamically changing environments. For this,
task description space (TDS) is formulated, where a redundant task configuration space and simulation model of
physical space are employed. Successful task episodes are collected, where A” algorithm is employed. Interesting
TDS state vectors are extracted, where occurrence frequency is used. Clusters of TDS state vectors are found by
using state transition tuples and features of state transition tuples. From these operations, characteristics of
successfully performed tasks by a simulator are abstracted and generalized. Then, a robust behavior plan is
constructed as an ordered tree structure, where nodes of the tree are represented by attentive TDS state vector of
each cluster. The validity of our method is tested by real robot’s experimentation for a box-pushing-into-a-goal task.

Keywords : Robust Behavior Planning(RBP), Planning, Reactive plan
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Cluster(d ;)

Attentive TDS State Vector(S"')

<20, 0, 20, 0, 0, 0>
<20, 0, x, 0, x, 0>

S

<x, 0, x, 0, x, 0>

w

<20, x, X, X, X, 0>

IS

<20, x, X, X, X, 0>

«

<20, x, 63, x, 40, 71>
<20, x, 44, x, 60, 63>
<20, x, 82, x, 80, 76>
<20, x, 28, x, 20, 45>

EN

)

©

<28, x, 44, x, 20, 18>

3

<28, X, X, X, X, X>

<44, x,121, x, 80, 17>

IS

<44, x, X X, X, X>

b

R s s s s s s o o
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<44, x, 101, x, 60, 15>

x implies ‘don’t care’
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& X,  otherwise

0, d, if d,,=d,

i —{%pgs
dbg { xg, othefwise®
& = ay,, if abg =a,
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Attentive TDS Feature Vector

20,0,%,0,%, 0> | { =T ToE B T2 <0,0,-4, 010>
<F,T,F,T,T,T> <-1,0,-1,0,0,0>

<T,F,T,F, T, T>,<0,-1,0,-1,0, 0>

Attentive TDS Feature Vector

<x,0,%,0,%,0> |55 1, F,

Feature Vector

Attentive TDS Feature Vector Attentive TDS

<T.T,F,T,F,1>,<0,0,-1,0,-1,0>|| <x,0,x,0,x,0> ||<F-TvFvTvTvT>v<-1-0«-1v070-0
<T.F.T,F. T, T>,<0,-1,0,-1,0,0:
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Find the most similar $* with input state, S,
st =arg{minHSm -s* H,i=1,2,---,6}
s*

Shl 8% 8% |Sf Sf IS

‘A” =arg {STEin HSW - SH,[ & =Set of Tuples(S,A,S") of cluster s }
!

T2l 1. BPGel 2ol WS AE 2| Px

st <20,0,x,0,x,0> 8~ <20,x,x,0,x,0> 8% <28, X, X, X, X, X>

s* <x,0,x,0,x,0> s~

G:Robm O Box () :Goal
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THE ENVIRONMENT FOR SIMULATION

Robot Simulation Environment Real Environment
289 37| Shape Size(pixel) Shape Size(cm)
Working Rectangle | 300 X 300 Rectangle 500 X 500
Space
Robot Circle 10 (R) D:f;f:{;%ﬁ"'fe’d 25(W) X 40(D) X 30(H)
Box Circle 10 (R) Cylinder 10(R) X 15(H)
Goal area Circle 10 (R) Rectangle 45(W) X 45(W)
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A= Algorithm Robust Behavior Plan
a4 - - ag - -
vs A 2R A 2R s dN 2Rt HA 2R
3 (Gaussian N(0,1)) g%s (Gaussian N(0,1))
1 180 X 1 302 308
2 380 X 2 654 672
3 340 X 3 622 630
4 300 X 4 408 436
5 240 X 5 384 408
6 320 X 6 602 664
7 340 X 7 636 642
8 220 X 8 184 192
9 320 X 9 396 420
10 100 X 10 310 216
1 220 X 11 734 796
12 120 X 12 198 182
13 200 X 13 548 560
14 120 X 14 222 240
15 180 X 15 264 272
16 200 X 16 844 854
17 220 X 17 214 222
18 100 X 18 298 288
19 180 X 19 300 318
20 220 X 20 970 964
#XEEHAD 3 AHE LIEHHCH
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