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Abstract—Monte Carlo Localization (MCL) is typically
used for self localization of autonomous mobile robots
approximating its probabilistic distribution by particles.
Processing time of MCL is mainly influenced by the
number of particles but it depends on the size of the space
particles are distributed. Therefore adaptive adjustment of
particles is effective to control the processing time. In this
paper, adaptive adjustment of particles for localization is
designed. In addition, to reduce the processing time, the
effective resolution to scan the white lines is studied. To
verify the practical effectiveness of the proposed methods,
simulation and experiment were carried out applying to
the RoboCup Soccer Middle-size League.
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Fig. 1 Field of RoboCup Middle Size League
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Fig. 2 Experiment environment
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Table 1 Estimation result with fixed number of particles

rcf;lcl)illltliaorn Ave.r age Ave}rage Average
[deg] | @xis)m]f (v axis)[m] (0)[deg]
2 1.78 3.16 397
3 1.72 3.15 393
4 1.77 3.16 91.1
6 1.79 3.15 913
12 1.70 3.15 385
36 0.72 3.09 343

Table 2 Estimation result
with adaptively changed number of particles

Anfutl.a § Average Average Average
res[?l:gion (x axis)[m]| (y axis)[m]| (&)[deg]

2 1.76 3.18 87.8

3 1.72 3.18 88.2

4 1.74 3.18 88.6

6 1.67 3.15 83.8

12 1.66 3.15 87.6

36 0.70 3.12 81.4
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Fig. 3 Processing time of each angular resolution
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Fig. 8 Robots position

Fig. 4 Estimation result on straight trajectory with fixed

number of particles L .
Table 3 Estimation result (Position 1)

x axis | y axis 0 [deg]
p Maximum| 1.71 3.19 88.6
— 18 Fixed (N=75] Average| 1.64 3.15 87.2
) Minimum| _1.57 | 3.12 86.1
217 Maximum| 1.73 3.20 87.7
s Adaptive | Average [ 1.67 3.15 83.8
1.6 o— Estimated result |- Minimum| 1.59 3.10 77.5
Actual trajectory
15 [ [ [
3 4 5 6 7 ] 9 Table 4 Estimation result (Position 2)
y axis [m] x axis | y axis 0 [deg]
Maximum| 0.51 3.24 92.8
Fig. 5 Estimation result on straight trajectory with adap- Fixed (N=75] Average | 0.47 3.18 88.3
tively changed number of particles Minimum| 0.44 3.13 84.0
Maximum| 0.51 3.29 92.4

Adaptive | Average| 0.47 3.19 88.2
Ul”mlI| “‘ llI]“'"l ‘"mm‘l Minimum| 0.44 3.12 84.1
I' \

MMIMM i -' ny{

Table 5 Estimation result (Position 3)

x axis | y axis 0 [deg]
Adaptive Maximum| 1.75 6.15 95.0
* plv Fixed (N=75] Average | 1.67 5.72 90.5
Minimum| 1.60 5.21 86.3
0 20 40 60 80 100 120 140 Maximum| 1.73 6.13 93.5
Number ofloops Adaptive | Average [ 1.67 5.79 91.0
Fig. 6 Time history of processing time Minimum| 1.62 2.30 88.8

—e— Fixed (N=75

n
= —— Adaptive
‘£150
<
£
©100
5]
. 4 -
£ 50 —e— Fixed
Z —a— Adaptive

() | | |

0 20 40 60 8 100 120 140 0 100 200 300 400
Number of loops Number of loops
Fig. 7 Time history of number of particles Fig. 9 Time history of estimation error at position 3
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