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Abstract

This paper addresses the problem of the coordinated deployment of a swarm of mobile robotsin an areawith geographical
congtraints. The objective of our research is to investigate how to build an ad hoc network of robotic sensorsin areal-
world environment. For attaining scalability and robustness, it is desirable that each robot can configure themselvesinto an
area through local interactions with adjacent robots, using only locally available information. Therefore, a decentralized
deployment scheme is presented based on geometric ideas allowing robots to converge to the uniform spatial distribution
by forming regular triangle lattices. The convergence of the deployment schemeis mathematically examined, and verified
through extensive simulations and experiments. In addition, a new evaluation index is proposed, to estimate a relative
convergence degree with respect to a desired geometric configuration. Our results indicate that the deployment scheme
can be applied to the problem regarding the coverage of an area of interest by a swarm of mobile robotic sensors.
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(@) ri’slocal coordinates and SB (b) range and bearing T; (c) equilateral triangle I
Fig. 1 Definition and notations of robot model
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(a) detect the border (b) approach the border (c) retreat area A(r) (d) neighbor selection
Fig. 2 Illustration of the self-configuration algorithm
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Fig. 3 Uniform conformity to the shape of the border ((a): indented border, (b): flat border)
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(a) initial distribution (b) 5.54 sec. (C) dios: 34.32 sec.
Fig. 4 Simulation results for self-configuration from arandom configuration
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Fig. 6 Comparison of coverage areas according to the number of robots ((a): 10 robots, (b): 40 robots, (c): 90
robots, (d): 100 robots
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Fig. 7 Variations of El value during self-configuration from arandom configuration in Figs. 6 (a) and (b)

0000oooo0oooooo0 dy0 2500000 BOOODODOODODODODODODODODOODODODOOOODOOOOO
go00o0oOoOooooo0O0D dux1%000000000000O0O0OOOO

040 1000000000000 0O0O000O00O0O0O0O0OODODOODODOOOOOOOOOOOOODDODODOO
500000 EB0DD00000O0O0O0O0OO0O0DOOODOOOOD KEODOODOOODODOOODOObOOODOODO
ooooooooboooDboOooobobo0oOobDbOOoooebOOOODOOODO 100040000 001000000
oooooboooooooooooobboyooooooDOOOD 10000 400D0000EBOD0O0DODOOOO
gbobobobobooboboooboooboobooboobobobboooboboobOobOobOobOobOobOoDboon
gboooooboooooooooooboboboboboboboobooooooboobOobobOobobobon
gboooooboooooooboboboboboooobooooboooooooooboobobobobobobon



initial initial
_ o ¥ o
» N )
(a) dispersion from asingle cluster with an (b) dispersion from two clusters with two
obstacle obstacles

Fig. 8 Self-configuration of 100 robots over a curved surface and obstacles

(a) SBwith 3timesd, (b) SB with 6 times d, (c) SBwith 10 times d,
Fig. 9 Simulation results for adaptive self-configuration over the curved surface according to changesin SB
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Fig. 10 Robustness against loss of 5 robots over a curved surface ((4): loss of 5 robots, (b): redeployment with 95
robots, (c): replaced 5 robots, (d): redeployment with 100 robots)
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Fig. 11 Experimental resultsfor self-configuration from arandom configuration of 3 robots

Fig. 12 Experimental results for self-configuration from arandom configuration of 4 robots
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Fig. 13 Variations of El value during self-configuration from arandom configuration in Figs. 11 and 12, respectively
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