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Fig. 1 A 2D biped waker with McKibben pneumatic
actuators. The rabot is self-contained and has two
air bottles with regulators, three-position air valves, a
microcomputer board, and an electrical battery.
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Fig. 2 Architecture of a planar biped walker driven by
antagonistic pairs of McKibben pneumatic actuators.
The main feature of the walker is the three-position
solenoid valve with a closed center position that en-
ables the robot to control joint elasticity.
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Fig. 3 Schematic diagram of when to actuate and re-
lax the muscles for walking with afree hip joint. The
rectanglesin the pictureindicate the agonistic and an-
tagonistic hip actuators. Note that the supply duration
for the agonistic knee actuator T}, is tuned so as to
avoid foot collision with the ground.
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Fig. 4 Valve opening procedure for waking with the
compliant hip joint
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Fig. 5 Relationship between supply duration for the

agonistic hip actuator T and the average forward ve-
locity when T, = 0.12, 0.14 and 0.16 [s] for the case
of walking with afree hip joint
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Fig. 6 Relationship between supply duration for ago-
nistic hip actuator T, expel duration for antagonistic
actuator T, and average forward velocity.

07(@(00060000000@OOONONOT, =
0.22,0.26,0.3,04s0 0000000 7, 00000
000000000000 7,0000000 7,00
000000000000000000000 7(b)0
T, =0.16,0.2,024s0000 7.0 00000000
0000000000000 7.000000000
000000000000000000 7.0000
0000007, 0000000000000000

4300000000000000

00000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000000000000
ooooo

080 7,=027,=028s0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 O00000000000
000000000000000000000000
0000000000000000D00000000
00000000000000000000

09(07,7.000000000000000
0000000000000 (b0 7,7.00000
000000000000000000000000
T,,7.00000000000000000

0600 900000000000000000
000000000000000000000000
00000 100000000 1(a)(h) 0000000
00000000000000000000000O0
00000000000000000 (ko000
000000000000000000000000
000000 (ab)000000000000000
000000000000000000000000
000[g0000000000000000000
000000000000 000000000000

0.75

o
Y

TeM/‘\

Q
£
—=0.65
2
Q
3 06 e
Q VP Te=0.26[s] ..4----F-. EUETE AR +
T T
g0-55 Te=0.3[s}--"~"
S T S « ¥
0.5 -
Te=0.4[s]__.-O----07" [t o
o
0.1 0.2 0.3 0.4

supply duration Ts [s]

(a) T’s and the velocity extracted from Figure 6. The
expel durationisfixed as 7. = 0.24, 0.32, and 0.4 s.

0.7

Ts=0.16[s]
Ts=0.2[s] - +
Ts=0.24[s] -%

0.65 ¥

o
[

0.55

o
o1

forward velocity [m/s]

0.45

0.2 0.25 0.3 0.35 0.4
expel duration Te [s]

(b) Te and the velocity extracted from Figure 6. The
supply duration isfixed asTs = 0.16, 0.2, and 0.24 s.

Fig. 7 Relationship between T, T., and the walking
velocity extracted from Figure 6
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Fig. 8 Pressure trgjectory of agonistic and antagonistic
actuator for one step. The trgjectory whose pressure
at heel strike is higher indicates the pressure of ago-
nistic actuator and vice versa.
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(b) Pressure in the antagonistic pneumatic actuator at
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10 Relationship between the pressure in the ago-
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Fig. 11 Relationship between the pressure in the ago-

nistic and antagonistic actuator at heel strike and the
forward velocity from Figure 10. Sets of numbers,
such as (0.08, 0.22), correspond to the set of the sup-
ply and the expel duration (T, T.) in seconds.



