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Sound Based Relative Localization for Distributed Multi-robot Systems

WU Yu-Xiu' MENG Qing-Hao* ZENG Ming®

Abstract A sound-based relative localization method for distributed multi-robot systems is proposed. Firstly, each
robot estimates the location of the sounding robot in its local coordinate system via a sound-source localization algorithm.
Secondly, each robot (except the sounding robot) sends the local coordinate to all the other robots via wireless communi-
cation, and then each robot calculates the locations of all the other robots in its local coordinate system using coordinate
transformation, thus the distributed relative localization is realized. Theoretical derivation and experiments prove that
as long as any two robots send sounds successively, the relative localization of multi-robot systems can be realized using
the proposed method. Experiments in indoor and outdoor environments using six self-made small mobile robots show
that a relative localization accuracy of sixteen centimeters within a range of three meters could be achieved based on the
proposed method.
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Fig.1 Microphone array conﬁguration[zg]
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Table 1  The outdoor relative localization outcome of six robots
CRl CR2 CRS CR4 CRS CRG

D. D, D. D, D. D, D, D, D, D, D, D,
R1 0, 0 6.65, 4.19 8.36, 1.76 10.92, 4.56 4.88, 0.82 8.67, 6.29
R2 3.25, 0.91 0, 0 10.08, 3.73 12.37, 4.34 6.84, 5.38 11.64, 5.46
R3 14.21, 1.15 6.72, 5.06 0, 0 15.42, 12.67 10.87, 4.52 15.96, 14.17
R4 15.12, 8.69 14.74, 10.51 13.93, 6.75 0, 0 13.84, 11.46 9.47, 16.61
R5 9.94, 3.69 10.11, 6.19 12.99, 7.67 10.18, 9.43 0, 0 10.18, 7.35
R6 12.17, 18.92 13.50, 7.34 13.17, 17.44 10.81, 8.19 13.64, 12.06 0, 0

T: R Cri~Cre XNHLEEA R1~ R6 FIAARR R, G5 RAEMREIE D FFsHEZE Do (cm).
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Table 2  Experimental results corresponding to different angles of sound refection
0° 15° 30° 45° 60° 75° 90°
Angle(é, 00) ©) 5.34, 1.13 4.59, 1.11 4.36, 0.96 4.31,0.75 3.45, 3.08 2.56, 1.07 2.34, 1.17
Distance(E, d(,) (cm) 151.6, 5.17 149.8, 5.28 149.9, 5.86 150.0, 5.83 155.3, 5.91 155.7, 5.74 155.6, 4.86
TE: R 6,0, 53 3R 5E B B RIAFHER; d, do 53 3F I BE (K (E RIAR 22
®3OEN 6 MHLE AR EAL SR
Table 3  The indoor relative localization outcome of six robots
CRI CRZ CR3 CR4 CRE) CRG
D. D, D, D, D, D, D, D, D, D, D, D,
R1 0, 0 9.21, 2.44 9.09, 1.11 7.76, 1.30 10.55, 5.20 11.81, 1.24
R2 11.84, 6.99 0, 0 14.46, 7.47 13.51, 5.09 13.24, 5.33 8.80, 7.22
R3 8.56, 5.70 13.86, 7.71 0, 0 11.61, 7.90 11.32, 3.63 15.00, 5.21
R4 14.68, 9.20 14.82, 7.11 14.09, 11.41 0, 0 10.31, 0.62 14.03, 5.11
R5 7.80, 0.35 9.47, 5.89 12.41, 1.33 15.82, 8.39 0, 0 5.24, 1.87
R6 12.68, 2.39 8.97, 7.49 14.31, 4.31 12.23, 3.84 4.61, 3.61 0, 0

T R Cri~ Cre XNHLEE A R1 ~ R6 HIARbR R, 45 R4 E MR ZEE D MFsHER Dy (cm).
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