1E14

oot ogon

o000O0O0 OOOO ODOOO ODOODO UDOOO((wooo)
0000 000 0000 (0ooo)

Real-Time Decision Making under Uncertainty of State Estimation

*R. Ueda, T. Arai, K. Sakamoto, Y. Jitsukawa, and K. Takeshita (Univ. of Tokyo)
K. Umeda, H. Osumi, and M. Komura (Chuo Univ.)

Abstract— We propose the real-time Qvpp method for decision making of a robot under uncertain state
recognition. This method utilizes a particle filter and dynamic programming. This method is applied to
total behavior of a goalkeeper for robot soccer. Simulations, experiments and actual games have suggested
that the method can decide actions effectively according as uncertain result of state estimation.
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Fig.1 The Field and Robot for RoboCup Four
Legged Robot League



(i) center of the goal
(ii) side of a goalpost
(iii) front of the ball

g

2f: field coordinate system
2r: robot coordinate system #
(r,¢): poler coordinates of the ball

Fig.2 State Variables Fig.3 Appropriate Poses
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Fig.4 Behavior of The Robot with 7"

ball
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Table 1 Parameters for Value Iteration
(a) State Space

state variable domain width of a cell ~ # of cells
z[mm [1000, 2400) 100 14
y[mm] [~1350, 1350) 100 27
0[deg] [—180, 180) 20 18
r[mm] [120,2020) 100 19
pldeg] [-92,92] 8 23
(b) Reward (cost) RY,
case reward
(1) Action a is executed. -1
(2) s:|p| <92 and s : |p| > 92 -5
(3) ¢ satisfies |¢| > 92[deg], |¢c| > 30 and = < 2100.| -5
(4) ' : out of the domain —250
(c) Final States
case (see Fig.3) value
(i) ball invisible & |z — 2200] < 100 & —15
ly| < 100 & [6] > 150
(i) 2100 < = < 2200 & 0] > 150 & {|o] < 12 or —10
(p<0&y>50)or(p>0&y< —50)}
(ifl) ¢ < 45 & r < 200 & {]0] > 135 or |pg| > 135} 0
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Fig.5 Scenes in a Game (Team ARAIBO 0-2 Kyushu
Institute of Technology)
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Fig.6 Behavior of The Robot with Qupp
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