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Autonomous Decentralized Control of Soft-bodied Robots Inspired by True Slime Mold
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This paper presents a soft-bodied amoeboid robot inspired by plasmodium of true slime mold as a
case study of autonomous decentralized control for soft-bodied robots. Significant features of this control
method are threefold: (1) implementing elastic actuator (i.e. real-time tunable spring) which generate
discrepancy between the control value and actual value; (2) embedding long-distance physical interaction
stemming form and truly soft and deformable body; (3) local sensory feedback based on the discrepancy of
the elastic actuators. Experimental result shows that this robot exhibits truly supple locomotion without
relying on any hierarchical structure. The result obtained is expected to shed new light on design scheme
for autonomous decentralized control system for soft-bodied robots.
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Fig. 1 The real physical robot, Slimy II. The robot consists
of the RT'Ses, the friction control units and the fluidic circuit
(the cylinders and the tubes).
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Fig. 2 The RTS can alter its resting length at any time by
winding/unwinding the coil spring.
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Fig. 3 The friction contril unit. The electromagnet is imple-
mented in the bottom of the unit in order to switch between
the anchor mode and anchor-free mode.
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Fig. 4 Implementation of the symmetry-breaking mechanism.
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Fig. 5 Locomotion experiment of Slimy II . The red dot-line
describes the trajectory of the center over time (see from top
to bottom in each figure).
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Fig. 6 The spatio-temporal pattern of phase of the oscillators.

IR & B R OB BT 2 3R ¥ — L1, ~EHD
Ry MSHOT AT 2 - LavRSATHED [8][9], M
DRI LTI TH 2 EE A SN, SIS NI,
YIS A RO UKy b EBEE T Y v 7 R A E b A
HOMIA% T30 2 ECHMGARE S22 L HEE S READ,

HHEF

I B R AR A B B2 B 28 R B 4y 124 i B 2 R T (IR B A B
B 513, AWFRICN L B4 OBEFEL CHE2EVE, 22
B#omesRL T,

X ®

[1] S. Grillner, O. Ekeberg, A. Manira, A. Lansner, D.
Parker, J. Tegner, and P. Wallen, “Intrinsic function of
a neuronal network - a vertebrate central pattern gener-
ator”, Brain Res. Reviews. vol. 26, pp.184-197, (1998).

[2] R. Pfeifer and C. Scheier, “Understanding Intelligence”,
The MIT Press, (1999).

[3] G. Taga, Y. Yamaguehi, and H. Shimizu. “Self-organized
control of bipedal locomotion by neural oscillators”, Biol.
Cybern., vol. 65, pp.147-159, 1991.

[4] H. Kimura, Y. Fukuoka, and H. Nakamura. “Biologically
inspired adaptive dynamic walking of the quadruped on
irregular terrain”, Proc. of ISRR99, pp.271-278, 1999.

[6] A. Takamatsu, R. Tanaka, H. Yamada, T. Nakagaki, T.
Fujii, and I. Endo. “Spatio-temporal symmetry in rings
of coupled biological oscillators of Physarum plasmod-
ium”, Phys. Rev. Lett., vol. 87, 078102, 2001.

[6] R. Kobayashi, A. Tero, and T. Nagasaki, “Mathematical
Model for Rhythmic Protoplasmic Movement in the True
Slime Mold”, Mathematical Biology, vol. 53, pp.273-286,
2006.

[7] T. Umedachi, K. Takeda, T. Nakagaki, R. Kobayashi,
and A. Ishiguro,“Fully Decentralized Control of a Soft-
bodied Robot Inspired by True Slime Mold”, Biol. Cy-
bern., vol 102, pp.261-269, 2010.

(8] AEEIE, HEM, AT, “HIHR - BERR - BREERIENGE 2
WL 7e~efin gy b o BEsbliE”, 527 mHARr Ry
N EERAAERE S A2 TRI%E CD-ROM, RSJ2009AC1IM2-
04, 2009.

(9] DIGHNIINER, VomeEtss, /bkss, ARESR BRI & R
IO F T A Z FIRE & 3 2 B EHEA~~ R o
Ry k2 GBI~ | 50 22 b BEDE AT L -
Y ARY T L ERL ppl59-164, 2010.



