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uooooboodooboboooooboobooooboooan
oboooooooooboooboooooooon
ooo

gobooooooooooooboooooooo
oobooooooooobobooooboooooooooon
oobooooooOooooboOooboocOooboooooo
ooooooooooobooooooooooooon
oooboooooboooobooobooooooog

gboboooboboooboooobooooboooo
oooboooooooobooobooooobobooooDo
ooooocooooono

22 JO00O0O0OOOOOOOOOOOODOOO

goboooooooooooobooooooon
uoboooooooooboocooboocooboooooao
ooobooooboooobobooooooooooooon
ooooooooOooooboooobooooboooooo
oooooooooooboocoooboocooboocoooo
000000000 (Paul 1981) DO0O0OOOOOOO
oobooooooOooooboocooboocooboooooo
ooboooooooooboooooooooooooan
ooooooooooooo

gobooooooooooooboooooogoo
oooboooooooobooooobooooooooo
ooboooooooooboocoOoboocOooboobocoooa
oooooooooooboocoooocooooooon
oooood

goboboboooooobobooooocoooooboOoono

00000000000oo0oooooon ZMP (Zero

MomentPoint) D000 O0ZMPOOOOOUOOOOO
oobooooooooooocOoooboocoooboooooao

000000000000000000 ZMP (CoP: Cen-

ter of Pressure O O O O )(Sardain and Bessonnet 2004) O

goo0oobod0oooodooooooooooooao
gooao
Oo0000ooo0ooobo0o0ooboooobooooo
gd0o0oodoodooooouoobooboobooooo
0000000000 000O0o00o0oO00o0oOooOoobooa
000000000000 000oooooooD (oo
2005) O
Oo00oo0oo0o0oo0o0obo0oobboOooboon
go000o0ob00d00oobo0ooooooooooooooa
goooo0oooooooooooobooonooooo
go000o0b000oo0o0o0oooooOoobooooooa
go0d00o0ob0O0d0ooboooobooooboooooooa
0000000000 000O0o0oo0ooO0o0no

23 0O000OO0oOoOooooooooo

gobogbooobuooboboooboooboboon
gdoooobooboooobooboooobooog
gobooooboobooboboobbooboboooboo
goooobooobooooboooooboooobooa
gboooooboooobboooooboobooooo
00000 (Kuniyoshietal. 2005) 000000000
000000D00000/ooooooo ACOOoo
gdoooobooboooboobbooboboooo
ggno

\
(a) left knee of human

(b) right elbow of the robot
Fig.3 Architecture of human body and robot.
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Fig.4 McKibben pneumatic artificial muscle.

00000000000 00O0000000000
00000 0~700000000000 10[mm]OO
00 200 [mm]000000000000 30[g]000
0000 800[N]ODDDODOD 30% 0000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000

34 0O0OO0OOOOOOOO

McKibben 00 D0 O0DO0O00 eg(l) 00O OO
(Schulte etal. 1961) DO DD DOOOOOOOOO
goobobobooooouoboobobobobooo
gbobobobooooooobooboboboooo
g ooooooobooobon
(Davis 2003) O



F:p{A(l—s)2 - B} 1)
gooo

1
A I%?TD% cot>6y, B = ZwD%coseczﬂo

OODO0F(t)[N]:000D0p(¢)[Pa]: DO Oe(t): O
000000000000 Dy[m]: 000000000
0000000 6 [rad: 0000000000000
00000000000000000

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooo

000000000000 FOOO LODOOOO K
0000 LyO0O0O0D0O0O0McKibben D DOO0OOODDO
0000000000 Fig5000000000000
0000000000000000000000000
0ooooooo

100/,  Pneumatic Biological
Artificial Muscle / Muscle
=
LEL, 75 L
= 50|
C
RS}
2 25|
@ 7
Rd
0 Z2 ] ]

1 1 1 1
70 80 90 100 110 120 130
Length [%] (L/Lo)

Fig.5 Characteristics of McKibben pneumatic artificial
muscle and biological muscle.

gooboboboboooooobobobobo
gboboboooooboobobobobobooooog
000000000 (concentric) D 0000 O (eccentric)
obobobooooooboobobobooooooboog
gboboboooooboboboboboboooog
0000000000 (Klute et al. 2002) O

35 0000ooooooo

000000000000000000000000
0000000000000000000000000
0 “Mowgli” 000 (Fig.6)0 00000000000
0000000000000000000000000
000000000000000000000000
0 (Niiyamaetal. 2007) 00000000000000

000000000000000000000000
05[m 000000
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Fig.7 Bipedal robot with artificial musculoskeletal system.
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Fig.9 Overview of electro-pneumatic control system.
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Fig.15 Bipedal musculoskeletal robot standing 30[sec].

hip joint hip joint
'g) 15 | T T T E’ 10 T | T | T T T
% 10 WY P g AnAsmtnmd P s j\;ﬁﬂ % [ P P T
D B . @ \-‘VA—%A...%,‘.;,,‘.,.“,.."“‘..J,T‘ AL D e
© © : : ; ; ; 1
£ £
o o

=) =)
(3] (0]
S, S,
o o
(o)) (o))
o o
[ ©
£ £
70 75 80 85 90 95 100
time [s]
foot joint
50T L o o e B L I =)
[0) + : : : : : ()
E H : : : H E
(O] [0} B . H H H H
C o
S IS ; ‘ ‘ ‘ ‘ 1
.E I E -5 Co L -
S ol b S 10 [ i A I E EE
70 75 80 85 90 % 100 70 75 80 85 90 % 100
time [s] time [s]
Fig.16 Joint angles during standing with knee strategy. Fig.17 Joint angles during standing with ankle strategy.
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