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SEMI-AUTONOMOUS CENTIPEDE-LIKE ROBOT WITH FLEXIBLE BODY AND LEGS
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In this study, we focus on a centipede. The thin shape enables it to move into narrow spaces, and its

length and many legs endow it with high mobility. However, when designing its robotic counterpart, these

features cause operational disadvantages. In general, it is extremely difficult to control the many degrees

of freedom adapting to complex environments such as rubble. The main objective of our research was

determining how to address this disadvantage without losing the benefits. We observed the movements of

a real centipede and found that the key to realizing this is flexibility. In this study, we propose a flexible

mechanism for a multi-legged robot that can adapt to a rubble environment.
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Fig. 1. Locomotive pattern
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Fig. 2. Locomotion of rubble
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Fig. 3. Structure of the body

Fig. 4. Control of the passive joint
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Fig. 7. Units that make up the robot
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Fig. 6. Passive movement

Fig. 8. Developed robot



Fig. 10. Developed leg

TABLE I. ROBOT SPECIFICATIONS

POWER LANDWVH typel1.1V,1300
mAh (Li-ion)

Power supply for motors
and circuit
Motor for driving legs and
rotating active pulley

KONDO KRS-4034HV ICS

Renesas STK-7125

Microcomputer

TABLE Il. SPECIFICATION

proposed
mechanism
Length[cm] 125
Width [cm] 50
Height[cm] 40
Weight[kg] 45
Number of servos 20
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Fig. 11. Passive movement of flexible leg
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Fig. 12. Experimental results of observed locomotion patterns
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TABLE I1l.EXPERIMENTAL RESULTS

Dent [cm] 30
Bump [cm] 15
Stairs [cm] 11 x 30

mw[cm] !iE!E ili
No.1 No.2
No.3 No.4

No.5 No.6

Fig. 13. Experiment results over an indentation
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Fig. 14. Experimental results over a bump.
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Fig. 15. Experimental results going up stairs
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Fig. 16. Experimental results in narrow space
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Fig. 17. Experimental results over rubble.

Fig. 17 206, KepDE— 4 21925 Z & T, #ITH
WEEZ, BEOME~ET CRBITRETH D Z & 21TH
BMCTXD. 1, ZOB, SUAAARATY T T 4 —L R
DM, KRR O O Fak M X0 Z®hE s L
TRBY, LEERVMZ 57200 - YOEEL LT L&
PTEOWEMMENRER SN TWAZENEETHS. 20
FERMND, HERDOZ TR > NSRS T T2 O 6
SITHEKTHMEBFER I N TS Z ERFHERTE 5.

H
I

5. %
AWFFE T, KERICB T 2AETFEREZHNE L
A e Ry NOERBREZBIEE L, BEFEICBTS
RER IS IOV 0 el A3 AR B i o U1 % 52 B A LS W IR
TOHM ARy MR ANDZ & T, ZHAEICDH
Do b HA e BE TR 2 BB A B TRE e 1 R
v NEEB L.

LthiE, EBEOKEBIGEZEEL, A TRBEDH K
RSB EERIC L, EHME TR L THE L.

b
il

&

SE X

1) A. Kamimura,H.Kurokawa,“High-step climbing by a crawler
robot DIR-2 - realization of automatic climbing motion
-7 Intelligent Robots and Systems, 2009. IROS 20009.
IEEE/RSJ International Conference on,618-624,2009.

2) H. Miyanaka, N. Wada, T. Kamegawa, N. Sato, S. Tsukui, H.
Igarashi, F. Matsuno, “Development of an unit type robot
[KOHGA2] with stuck avoidance ability”,Proceedings of
IEEE International Conference on Robotics and Automation,
3877-3882, 2007.

3) E.Rohmer,K.Ohno, T.Yoshida,K.Nagatani,E.Konayagi,S.Tad
okoro,“Integration of a sub-crawlers' autonomous control in
Quince highly mobile rescue robot”, 2010 IEEE/SICE
International
(S11),78-83,2010.

4)H. Maruyama, K. Ito, “Semi-autonomous snake-like robot

Symposium on,System Integration

for search and rescue”, Proceedings of 8th IEEE international
Conference on Safety, Security, and Rescue Robotics, 1-6,
2010.

5)K. Nishigai, K. Ito, “Control of multi-legged robot using
reinforcement learning with body image and application to a
real robot”, 2011 IEEE International Conference on Robotics
and Biomimetics (ROBIO), 2511-2516,2011.

6) P. Birkmeyer, K. Peterson, R.S. Fearing, "DASH: A dynamic
16g  hexapedal Intelligent  Robots  and

Systems(IROS),2683-2689, 2009.

7)D. Miaki, Y. Murakami, “Development of a multi-leg type

robot”,

micro rescue robot for disaster victim search”, Robotics and
Biomimetics (ROBIO), 1801-1806, 2011.

8)S. Kashiwada, K. Ito,
centipede-like robot for

“Proposal of semiautonomous
rubbles”, The
International Symposium on Artificial Life and Robotics,
1127-1130, 2012.

9)Y. Ishigaki, K. TIto, “Proposal for semiautonomous

Seventeenth

centipede-like robot for rubble”, International Conference on
Advanced Mechatronic Systems , 2014.



