HuabBya*B XK
Vol.38, No.11, 996/1002 (2002)

957 FORISHLEAER & B - BERRR % HE

M Nl E $* - Trevai CHOMCHANA* - KX H JB* - & F OB
R EBEWE MR R X-EM e

Region Exploration Planning for a Mobile Robot Using Reaction-Diffusion Equation on a Graph'

Keisuke ICHIKAWA*, Trevai CHOMCHANA®, Jun OTA*, Hideo Yuasa*®,
Yusuke FUKAZAWA®*, Tamio ARAI® and Hajime ASAMA***

In this paper, region-exploration planning algorithm is proposed for a mobile robot to measure shape and
pose of several objects in a restricted working environment. The exploration task is modeled as a problem of
generating minimal-cost path, in which a robot goes through several sensing positions that satisfy the following
condition: any point in a working environment should be within a fixed distance from at least one corresponding
sensing position. Both the number of the sensing positions and the path length should be minimized. The pro-
posed algorithm has two characteristics; efficiency in calculation cost and adaptability to dynamic environmental
changes. It can be realized with the combination of (a) distributed sensing-position arrangement algorithm by
using a reaction-diffusion equation on a graph, and (1) generation of a Hamiltonian cycle that connects all sensing
positions. The sensing positions dynamically change their locations in accordance with the recognized environ-
mental situation. The calculation cost for path generation is shown to be O(N'®), where N is the number of
the sensing positions. The effectiveness of the proposed method is shown by simulations. Experiments are also
made with a real robot in indoor environment with three ohjects.
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Table 1 Comparison of CPU time

Ist | 2nd | 3rd
proposed method (x1072[s]) | 3.70 | 10.00 | 5.80
fixed-point method (x10~2[s]) | 8.10 | 5.10 | 7.80

Table 2 Comparison of path length

Ist | 2nd | 3rd
proposed method (x103[m]) |4.43 | 4.37 | 4.30
fixed-point method (x10%[m]) | 4.41 | 4.41 | 4.53

Table 3 Number of sensing positions

1st | 2nd | drd
proposed method | 31 | 31 | 31
fixed-point method | 32 | 33 | 35
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(c) 2nd obstacle is found (d) 3rd nhncle is found

Fig. 10 Process of region exploration
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