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Fig.10 Two states of 180 degrees NANBA TURN.
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Fig.12 Right side step with kick of ground by left leg.(250 fps)
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Fig.13 NANBA side-step of humanoid biped robot, which uses only small active power.
Right side step without kick of ground. (250 fps)
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Fig.14 Two states of right side step with kick of ground Fig.15 Two states of right side step without kick of ground

Fig.16 Side step without kick during backhand stroke by K. Rosewall [17
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Fig.17 Proposed nonlinear optimal control applied to humanoid biped robot walking.
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Fig.18 Example of nonlinear optimal control by Rufus Oldenburger.
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Fig.24 NANBA dash

0.45 w . 400
S 040 7 s 20 o) £ 350 —o@fs%
® 035 o 80 i o o)
=0 Vi 2 70 g _ 300
g 030 ik <60 A om0 [ a‘%&
£ 025 — g 50 o £ 200 -
@ 0.20 54 ® 40 w & o
5 % A 23 150
5 015 [ 2 30 [ £
s 010 ? © 20 g 100
S 5 10 S 50
0.05 e} = d. L 1 Ll o 0 0
000 = e 0 0
0 10 20 30 0 10 20 30 0 10 20 30
Time Setting [speed] Time Setting [speed] Time Setting [speed]
. (a) . . . . .(b) . . . . (C)
Fig.20 Measured operaring characteristics vs. operating time setting for objective operating angle of 90 de-grees.
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Fig.21 Measured operaring characteristics vs. operating time setting for objective operating angle of 180 degrees.
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Fig.22 Four States of NANBA Walk and Run of biped robot with 10 freedom legs (GENBE - No.4-2007)
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Fig.23 State transition from State 2 (Statically stable) to State 3 (Statically unstable), falling down to the ground.
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Fig.29 Robustness of humanoid bipe-ed robot GEN
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