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Locomotion Robot as a Decentralized Autonoumous System

Kazuo Tsuchiya, Katsuyoshi Tsujita (Kyoto University)

Abstract: This paper deals with a class of a quadruped locomotion robot. The locomotion control
system is composed of nonlinear oscillators. The robot with the controller may be considered as a
decentralized autonomous system if each of legs with oscillators is identified with a motion unit.
The characteristic behaviors of the robot such as real-time formation of adaptive gait patterns etc.
are interpreted as the inherent nature of a decentralized autonomous system.

Keywords: quadruped locomotion robot, decentralized autonomous system, nonlinear oscillators

1. 0ggn

0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000 L.S.Vygotsky 00
000”007000000000L.S.Vygotsky 07
00’00000000000000000000
00000000000000000000000
000000000000000000Y0000
00000000000000000000000
00000000000000000000000
0D00000000000000000000000

odoo0oooooooooooooooooo
000000000000 Central Pattern Genera-
tor(CPG) 00000000 OOOOCPGOOOO
oododoooooooooooooooooon
oodod0o0oooooooooooooooon
Oo00ooooooooooooooooooon
oodod0ooooobooooooooooooon
Oo0o0dooooooooooooooooon
oodod0ooooobooooooooooooon
gocpGUOOOOOOOODOOOOOOOOOO
dodooooOoooocpGUOOOOOOOOOO
Oodo0dooooobooooooooooooon
oooooon

000000000 H.CruseOOOODODOOOO
0000000000 %000000000000
googbobooobobooobobooobobood
gboboobooboboooboobuobbobob
gboooboboboooboobobuoobooon
gooboooobobobooobobobood

0000000000 DD000D000OnOoooQ
0000000000000 0DDO0O0onooOQ
oooooog

0000000000000 DD000nooQg
0000000000000 000D0oOoooO
0000000000000 0DDO0O0onooOQ
0000000000000 0DDOoO0OOonooQg
00O0d00004%000000 HCrused Y00
0000000000000 000000oOoooo
0000000000000 000OOOonooo
000000 60000000000D00DO0ODOO
ooooooog

000 4000000000000000000
000D %0400000000000000000
0000000000000 00000OonoOo
0Oo00000000DD00000O0OnOoooQ
0000000000000 0D000OonooQg
0000000000000 0000DDDooO
0000000000000 0DD000onooQg
0o00D0D000000D0DDDOoOOg

2. 000

FiglOOODOD 4000000000 O0O0O0OO

Oooooooobooooooo 10400000

oooono 20000000000 oooood

o0 ¢00ooobobooooooooooboood
ooo

Ki+H(q,d) =G+71+A (1)

¢ = [ rOT o1 HOT 6T (@)

Do00o0r®e®pooo00o0o00oos’ o



00000y yj00b000obo0o0oHFOU0bO0Odrg goboboobobobooobobbobobobob

o0000bGoOO00DO0ADOOODOOODOOO gobodbogoooobooooobo
gooboobogooodgd U:00000000000000004d
2 = exp(j ¢1) 3)
go

oooooooooooooooo #&9@)oo
0000000000000000000 (Fig. 3)0
000 AEPOPEPO0D0O0OO0OOOO

O0) 040 < g}

0 NOYG ooo)
3 PRGN =0 6wy 0 - e (4)
0 2 reS((b ) ¢A_¢ < 2m
04 o (0ooo)
000 0000
Fig. 1:00000000 : =3 -
3.00000
oooooo
ooo
0oo
i S
gooooo
"'"'"'" -}. 000
G =
PEP AEP

Fig. 3:00000

'r’%
L]
.
@'
oo
oo
oo

ooooo#¢W)yooooons000000
L j000000000000000

oo

>
-
=
I
>
=
=
—
AS
-
=
SN—

()

gooboboboboooboooboboo PD
gogbooboooooooood

Fig. 2: 0000000000

ooodbodoo Fig. 200000000 DODO0ODOO

gboobooboboooboobobbonboon j() KPJ(()—9())+Kpj(éy)—9§i)) (6)
gbooboobooboboobobbobobbob

gbbooboobobooboobooboboob gobgoboobooboooboboboboboob
gboobooboboooboooobonbooon goboboooboobooboobuoobbooon
gboobooboboooboobooboboob gogbooboogooooog
0(00)00o00oo0oooUoUoOooooo gboboobobbooooboobonooooo
000000000000 (booo)boooooo gobobooboobobooobobboboobob
(000000000000 O0oOOooOOooooooo 0000 Transverse walk 0O DO O0ODOO0OO0O

0000000000o0o0oo)boooooooo goboobopoboooobobobboboob



000000000000 TretOOO (Fig. 4)00
gbooobooboobobboooobbobooob
00000 mO0000000000D0O00 e
gboooobooooood

() — (i (m)
¢l = ) + T (7)
01 \ \ \ 1] 1]
0 3 | \ | L L
\ | \ T L
02 \ \ \ L | .
a4 \ \ \ 1| 1|
opoog ooOgooooog
(Trot) (Transverse Walk

000
)
Fig. 4:000000

000000000000000000000 ¢
000000000000 ¢®Wooooooood
000000000000000

o0 = w4 gl 4 gl! (8)
g = =K (69 =0 -1(") ()
g = (D =D 160t — to) (10)

obbodtpUUd:00boooogof

4. 00O0OO0OOOooooo

Fig. 4000000000000 OOOOO VO
0000 Loooooo Iogoobobooood
0o0odo0oboo0ooobboooo0oboooooon
0o0o0obooo0oooobbooobboooon
000 (10kg)ODOOODOODOODOODOOOODOO
000000000 0Fg 40000000000
0o0odooobooobbooooobbooon
00000000 (|)b0ooUo0oUoUoooO
000 T.Walk(Transverse walk) 00 OO0 (V) 0O
00oboooobO TreotDODODOODOO Trot
OvVooooooooooo T.WalkOooood

Walking velocity V=L, Vi)
Load offset L= (Ly, Lp)
Inclination of the ground I = (ly, Ip)

Fig. 4:0000000D00OOO

5. ggooboooboooad

000000 M.Shik? 000000000000
000 (0000000000000000)000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000 CPGOOOOOO
00000000000000000000000
00000000000000000000000
00000000000000000004000
000000000000000000 (Fig. 4)0
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000O0OMShkOOODOOODOOOOOO
ooooo

0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000400000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0ooooooo

000000000 N.Tinbergen® 000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000 S.Grillner? 0 CPGO OO
000000 CPGOOOOOOO0O0O0000000
CPGOOOOO00 CPGOOOOOODOODOOO
00000000000000000000000
000000000000 CPGOOOOOOOO
0000000000

0000000000000000000000



oo0ooooooooceGOOODOODOO
gbooboobooboboobobbobobbob
gbbooboobooooboobooboboon
gogbobooooobbbooooboobooood
OO0 ceGOOODOODOODODODODOODOO
goobboobobobbobooboonooobood
gbobooboooboboobobboboobob
gboboobogooooog
gbob400000000boobobooboonog
gboobooboboobboobooboboon
googooog
gooboo40b00buoobooboonbog
gboboobooboboooboobuoboboob
gbooboobobooboobooboboob
gboobooboboooboobobbboon
gboobooboboooboobbboboob
00o00o0oooogoceGOOOOOODODOOO
gbooboobooboboobobbobobbob
gboboobooboboooboobuobbooon
gbooboobooboboobobbobobbob
0000000 O00DO0o0DoO0oOoogooo ceGO
gboooboboooboboobobboboob
gooboobooooboboboonbobood
gbboooobobobooboobooboboon
gboobooboboooboobobbboon
gboboobogooooog

HRERERE
[1] 00000O0: “00000,” 0000, (2001)

[2] H.Cruse: “The functional sense of cen-
tral oscillations in walking,” Biol.Cybern.86,

pp.271,/280(2002)

[3] K.Akimoto, S.Watanabe and M.Yano: “An
insect robot controlled by emergence of gait
patterns,” Proc. of International Symposium
on Artificial Life and Robotics, Vol.3, No.2,
pp.102/105(1999)

[4] H.Kimura, K.Sakaura
“Dynamic Walking and Running of the

and S.Akiyama:
Quadruped Using Neural Oscillator,” Proc.of
IROS’98, Vol.1, pp.50/57(1998)

[5] H.Cruse, Th.Kindermann, M.Shumm, J.Dean
and J.Schmitz: “Walknet - a biologically in-

spired network to control six-legged walking,”
Neural Networks, Vol.11, pp.1435/1447(1998)

K.Tsujita, K.Tsuchiya and Onat: “Adaptive
gait pattern control of a quadruped locomo-
Proc. of the 2001 IEEE/RSJ
Int. Conf. on Intelligent Robots and System-
spp.2318/2325, Maui, Hawaii, USA, Oct.29-
Nov.03 2001

tion robot,”

M.Shik,G.N.Orlovskii and F.V.Severin: “Or-
ganization of locomotion synergism,” Bio-
physics, 13, pp.127/135(1966)

N.Tinbergen: “The Study of Instinct,” Oxford
Univ. Press, (1951)

S.Grillner: “Neurobiological Bases of Rhyth-
mic Motor Acts in Vertebrates,”
Vol.228, pp.143/149(1985)

Science,



