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Robust positioning method for soccer robots using omni camera and dead reckoning
Elimination of miss-correspondence using median filter and nonlinear MLM

*Ryo Kurazume (Kyushu University) Tsutomu Hasegawa (Kyushu University)

Abstract— In this paper, a robust positioning system is proposed for soccer robots equipped with an omni-directional
cameraand wheels. To achieve the robust positioning, the proposed method utilizes 1) elimination of miss-correspondence
of landmarks using a median filter, 2) position calculation considering the properties of measurement error distributions
using nonlinear maximum likelihood method (MLM), and 3) data fusion of positions obtained by observing landmarks

and dead reckoning using kalman filter.
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Fig.1 Positioning in case that several landmarks are observed
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Fig.2 Field and landmark arangement for middle-size
robot league at RoboCup 2002

Fig.3 Soccer robot for middle-size robot league
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Table 1 Direction of landmarks

No. | Landmark | x [mm] | y [mm] | direction [deg]

O L, 1500 0 52.2

02 L, 3500 0 72.0

O3 Ls 3500 8000 -66.6

O4 L, 1500 8000 -59.4

Ls 1500 8000 N/A
Os Lg 1500 8000 93.6
O¢ Ly 5000 8000 -88.1
Lg 1500 8000 N/A
Table 2 20 candidate points

N. | x[mm] | y[mm] | 6[deg] | Landmarks | Near/Far
P, | 5001.6 | 43451 | 178.9 Ly,Ly, L3 N
P, | 40133 | 53124 | -1675 | Li, L2, L4 F
P; | 53286 | 3622.7 | 171.2 Ly, Lo, Lg N
P, | 50225 | 43113 | 178.6 Li,L,y, L7 N
Ps; | -4384.2 | 41176 | -87.2 Li,L3, Ly F
Ps | 49731 | 39934 | 176.8 Ly, L3, L¢ N
P; | 49937 | 4209.0 | 178.1 Ly,Ls, L7 N
Ps | 41940 | 44571 | -1733 | Li, L4, Lg N
Py | 3169.7 | 11851 | 163.2 Ly, L4, L7 F
Py | 4937.2 | 40236 | 1773 Ly, L¢, L7 Med.
P, | -54765 | -108.2 | -71.3 Ly, L3, Ls F
P, | 5007.7 | 37855 | 176.3 Ly, L3, L¢ N
Py3 | 5007.7 | 42145 | 1783 Ly, L3, L7 N
Py, | 44106 | 39253 | -175.1 | Lo, L4, Ls N
P;5 | 41608 | 1300.2 | 171.1 Ly, L4, L7 F
P | 4937.3 | 38122 | 1773 Ly, L¢, L7 N
Py7; | 440.9 -7624.4 | 1455 L3, L4, Le F
P;g | 58985 | 7303.0 | -1296 | Ls, L4, Ly F
Py | 4937.3 | 41878 | 1773 Ls, L¢, L7 N
Py | 4959.6 | 16116 | 1778 Ly, L, L7 F
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Table 3 Referenced number of each landmarks

Landmark Ly Lo L3 Ly Ls Lg L~ Lg
No.ftimes |7 |7 |6 |2 |0 |8 |6 |0
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Fig.4 Candidate points and average, median, and optimum

positions
Table 4 10 Candidates
X [mm] | y[mm] | orientation [deg]
Average 3576.7 | 3099.2 | 189.2
Median 4937.2 | 4023.6 | 177.3
Converged | 4895.9 | 4074.0 | 1785
(Measured) | 5000 4000 180
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