000000000000 024300000 (2008.6.20)
oooo 243-7

oooboobboouobouboogouoogboo

Development of Multi-robotic System that enables stable and
spontaneous Self-assembly

o0l 0ObOo0ouboobunb oo
oo oggoboo oo

o Kazuya Suzuki, Tunamichi Tsukidate, Takeshi Nakada
Masahiro Shimizu, and Akio Ishiguro

gooo

Tohoku University

gooono :

000000 (Self-assembly)d O 0 0 O O (Multi-robotic system)

000 00O (Nonlinear Oscillator)

goo:

goto-8s7i i dooooooooonbobDbe-6-0500001000512000000000

00000 Tel.:022-795-32070 Fax.:022-795-37810 E-mail: suzuki@cmplx.ecei.tohoku.ac. jp

1. 0o

gooooboooboobooboooooo
gobboooobooooobbooobooog
gboobooooooooooboboboo
gobboooobooobboooobooo
gbobobdoooooooobooobooo
gobooobooooooobooooooon
gogobooooooobooobooo
gboboobooobodoboogouoobooo
goboogoooooboooooooboooo
gobooobobooboooboobooon
gobboobooobeo00O0O0oOoOogogg
gobboooobooooobooooboog
gobooboobooboooboobogo
gooooooobooboobooooobooo
gobooboooooooobooooboooo

goboboooobooooooooobooad
gboooboooboooboooobooooooon
gooooooooooooooooooo
gobooooboobooobboooboboodg
gogoooooggoooooooboboon
gobboooobooobboooboog
goouobbouooboaoobboouoobogd
gobboooobooooobboooooobooo
gobgoboboooobooogoobbooo
gbobobboobooooboooogn
goboobooooooboooooobooboon
goboooooooboooobooooba
gooooooooooooooooobod
gobbooooboooobboooobooo
goboooboogoobboooobooooboog
gooogooooooobobobobbobbood



(bOoooOooooo)booooopOooOoo
goboogooooooboooooooboooo
gobboooobooobboooobooo
gbobobdoooooooobooobooo
gobooobooooooobooooooon
gbobboooboooboooboobooooo
guobbooooboooobboooboodg
yddbbooodoooooooooboooo
goboogoooboooobooobobooo
oo ooooo

gooooooouoooooooooooo

gooogoobooooboooboooobn
gobogoooooobbbbobboboogo
gbboobbobobooboooooboon
gobboooooboooooboooboog
goooooooobobboboboboogo
Oo00o0ooO0oOooooooooooo(moo
gobbooooooooobooooboog
000000 UoUOooooo(@LuUUuooo
gbbobooooboooboooboooobon
gobbooooooooobooooboog
gogobooooooobooobooo
Oo00DO0oo0oOooooooooooooon).
goboobooooooooboooboooo
gobooooooooobooobooo
goooguoooooobooooooogo

dooooooouooooooooooon

gooooooooboboboboooboboobboo
gooooobbbooooooooobooo

gboooboobooobooboobooobob
goobobooooobooobogooobooo

gooogouoooooobooooooogo

gboboooboooboooobooooboooo

goooog

2. OOOOd

21 0000

uoooobobbooobooobbooon
goooboboboboboooooooooooo
gboboobdooooboooboobooao
goooooobooon

e JOUDDOODDOODODDDODODO
booooooooooo

e JO00DDODDDOOODDLOOOOOODO
oooObboooooboboboobbboo

e JOI0OOODLDODLDODOLOODOODOODO
gooboooobooobbooobbooon

e IO DODOODODODODDDOOO
ooddoooooooogoogoo
gooooooooboboobobboooa
ooboooboboobbooooobooo
gono

oogoboooooooobbooooon
gobbooooboooobboooobbog
gooooooboooon

22 0J00OO0OO0OO0OO0OO0OoObOOOoOOon
gobogo

gopoooboooboobobobboobb
O0000VDP(vandel Po) D OO OOODOOO
i{0000000(@DO00+«0000o0vVDPO
gobboooobooobbooobboo
gooo

;i — Bi(1 — :L‘?).l‘z +x;,=0 (1)

0 00000pB00000000000DO
gobbooooboooobboooobooo

ogoood

-2 -



0000000000000000000
00000000000000000000
00000000000000000000
000000000000000000000
00000000000000000000
00000000000000000000
D0000000:0000002™P000
00000000000000«00000
00000000000000000000

;cmp +€ -7\171 N :E;gmp — x;cmp (2)
j=1
OO00ONDO0O0OO0t000000004000
000000000000000000000
DDDD@?WMDDDDDDDDDDDD
0000000
0D00000O0VDPOOOOO(2)0000
00000000000000000000
00(1)0000000000000000
00000000000000000000
00000000000000000000
00000000000000000000
0000000000 000000000

goog

1.3 ODOO0Ooooboooobobooooon

1.0 000O0
(3)

uogoboooooooboboboooogoon
o 000000000000 0000000
oooooooboobobobooovbPo OO
gbobooobobobobooboboobobobogb
gboobooooobooooboobon
gooogouoooooooobooooogo
gooobbooooilbbboooogoo
goboogooooooboooooooboooo

ugbodoououooobobobiboodoogg
goooooooooboobooooboooo
gobboooobooobboooboog
gbobooooouooooobooooooo
gobooooobooooobooooon

Fig. 10 Phase distribution created through
the mutual entrainment among the VDP os-

cillators in a circular arrangement
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(a) (b)
Fig. 20: A schematic of the passive deforma-

tion implemented
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(a) Initial state

(b) 10000steps
state

(c)Final

Fig. 30: Self-assembly without the passive
deformation (see in the alphabetical order)

(a) Initial state

(b) 10000steps
state

(c)Final

Fig. 40 : Self-assembly with the passive defor-
mation (see in the alphabetical order)
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Fig. 50 Overall view of the robot

(a) (b) (c)
Fig. 60: The hardware of the unit
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Fig. 70 :The passive deformation mechanism
implemented
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Fig. 80 : Locomotion generated by phase gra-
dient
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